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ABSTRACT

Appraisals of investment in pest control are c&mplicated by the
problems of predicting events in biologicel systems. In this study,
an attempt is made to estimate the two necessary components of pest
control investment appraisal, namely: the production function
(decreases in crop losses with unit increases in pest control
investment)}, and the pest damage function (relating crop demage

to changing infestation variables), for attacks of the lepidopterous

larvae of Spodoptera littoralis (Boisd.), on Cypriot lucerne

pastures.

It is suggested, that at present the best technique available to

farmers for controlling S. littoralis infestations, is ths single

aﬁ%licati@n of one of three insecticides of proven efficacy.
Consequently, the cost of successful pest control is represented

by one value for a wide range of larval densities. The pest

damage function is described as a dynamic relationship between

a number of changing environmental and crop variables, end is
presented in the form of a computer simulation. This incorporates
some of the existing empiricel data on pest consumption and pest and
crop interaction as well as much of the additional data collected

by the author.

The damage and production functions are comparsd, and estimates are
made of the minimum larval density at various timings in the crop
growth cycle, which is sufficient to cause losses equal to the
treatment costs (the economic threshold of treatment). These
estimates are offered as a basis for decision making on the

aconomic control of S. littoralis in Cypriot lucerns fields.
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Note on the presentation of the work and the source of data given

in the text

In an attempt to maintain a coherent argument whilst drawing upon
economic and technical data from a diversity of sources and fields,
it was necessary to adopt a form of presentation which did not
Qétrictly conform to the conventions of either economic or ‘
scientific thesis. In particular, the descriptions of experimental
methods in the text are shorter than might normally be consideared
appropriate, similarly, synopses rather than full results are given
in text. However, full results and some further discussion of
methods, along with any statistical analyses, are given in extended
appendices. Since the chapters covered widely different fislds,

we considersd it more convenient to the reader to give & list of
refersnces at the end of each chapter. The system of cross-
referencing adopted used a notation for chapter sections, appendices,
figures and tables, where the first digit indicated the Chapter
(prefixed by an 'A' if the reference was to an abpendixl and the
sgcond digit indicated the order of occurrence in the chapter.

A list of the sections with theif corresponding reference and page

numbers is given overleaf in the index.

. A good deal of the field and experimental data referred to in

the text was collected by other C.0.P.R. staff on the project,

or by the author in conjunction with them. Where such data are

used the source is acknowledged. However, the attempt at integration
in the presentation of the work makes it nmecessary to clearly stats

those dats that were collected by the author and those by others.
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Cypriot lucerne cultivation practice and its costs and returns,
and the armyworm control methods adopted by farmers, were
established with the aid of a gfowers” questionnaire constructed,
distributed and analysed by the author (A3:1(2)). Growth rate
and yi@ld of lucerne iﬁ Cyprus, and its response to different
cutting regimes were estimated by the suthor with a series of
trisls and sample harvests. The nutrient analysis of the lucerne
was made by the staff of the Agricultural Research Institute
(A.R.I.}, Chemistry Depsrtment, and the trial involving feeding
& dairy cow with larvae, was conducted by the author courtesy
of the A.R.I. Animal Nutfition Department and in conjunction
with Miss Harris (formerly of the C.0.P.R.). We conducted the

survey aimed at sstablishing the pest status of S. littoralis

@n‘Cypri@t lucerne (5.(3)(a)) and observed the actusl infestations
deécribed in 5.(3)(b). The laboratory trials on feeding and
growth were designed by the auther and carried out with the
assistance of Mr Paikos.,1 All analyses of the data were made

by the author.

IA loccal and temporary recruit,' to the C.0.P.R.
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CHAPTER 1

A statement of the problem and the application of technological

economics to pest control research.

1.(1) Introduction

Spodoptera littoralis (Boisdd is a noctuid moth whose larvae (known

as armyworms), are pests of irrigated crops in Cyprus. The pest
attacks occur only in late summer and autumn. An increasing scale
of attack, coupled with developing insecticide resistence in the
island's pest population was reported in the late 1960's. This
ied to a research project jeintly operated by the Ministry of
Agriculturs and Natural Resources, Cyprus, and the Centre ?@r
Overseas Pest Research (C.0.P.R.), of the Ministry of Overseas

Development, London.

This Ph.D. project was supported by funds from the C.0.P.R. and
the Science Research Council, and is a technological ecenomic
appraissl of some aspects of armyworm control in Cyprus. It is
hoped, that by & combined numerical and verbal description, the
work offered will provide a fuller understending of the armyworm
problem and thus facilitate more informed decisions to be taken
by the Government on the economic control of armyworms on the

island.

Before any detailed description of the Cyprus armyworm situation
is given, it is necessary to analyse agricultural pest control as
an economic problem, and to indicate the possible role of technological

economics to this field.



A working definition of agricultural pests is required to clarify
any subsequent discussion. Such & definition could be that .
agriculfural pasts are animals, plants or pathogenic organisms,
which compete with man for agricultural produce. They may compete
with cropé for the factors of primary producti@n, or consume or
spoil the useful materials the crops produce. These losses may

occur either during crop growth or at the storage of the harvest.

Economic appraisals of allocations in the public sector are
similar to positive pr@posiéi@ns in economics, in that they can be
tested given certain definitions about the nature of improvement
in social welfaregl Implicit in the allocation problem is the
comparison of 'welfare yield’ between alternative areas of
resource employment. Losses due to pests are not economic
problems per se, unless they are at least in part avoidable.

If losses are technically avoidable, an economic statement of

thg problem might be posed as: is the value of the commitment

of resources required to save all or part of the losses due to
pests, less than the value of the resulting release of resources
from agricultural production? Once more, implicit in the term
*value' is the opportunity cost of the resources considered, that
is the 'welfare yield’ of their next best allocation. Viewed in
this way, the distinction between investing to save loss, and

investing to reap benefit, is seen to be a false ons. Hence the

1Such a definition is unnecessary if the social welfare function is

of the 'Parstian type’, where it is demonstrated that the proposed
changes in the sconomic organisation make one or a number of people
better off and nobody worse off. In most investment projects,

‘ howaver, the welfare gain is ambiguous since °‘winners’ have to be
balanced against 'losers’ and this can only be done within the
context of a definition of improvement in social welfare.



loss function in pest control (reduction in loss with increasing
inputs of pest control), is identical in concept with the economist’s

production function.

Traditional economics is mors usually concerned with examining

the consequences of certain types of organization, given specified
production functions. Technological economics extends the analysis
by scrutinizing the dynamic relationships existing within a
production function, and modifying them to solutions closer to
their optima. A consequence of this extended involvement is often
the large technicai and scientific input required for the analysis
and hence the definition of technological economics by Bradbury

and Loasby (1870) as: "decision making on.the allocation of

resources using the available technological and sconomic data”.

In many instances the actual crop losses due to pests are
considerable, and the criterion of avoidable loss is often fulfilled.
.waevé}ﬁ full rationalization of pest control investment has rarely
been achieved. This is in part due to the complex and specialist
nature of research necessary for prediction in biological systems.
This impedes the usual dialogue between economists and technicians
in the applied field. We thersfore suggest that the multi-
disciplinary approach of technolégical economic appraisal might

provide a useful contribution to pest control problems.

This work applies technological economic techniques to a specific
problem. However, the approach taken in this study was not mersly

expeditious in dealing with Cyprus armyworm infestations with no
general relevance to other pest problems. The methods adopted

arose from the empirical requirements of the analysis and these



can be stated for any pest problem. However, it is true that no
single case study in pest control encounters the full range of
problems and situations that would require solution before a
standard practicel approach could be forﬁulated, Censequently,

a brief survey of some other published work on the sconomic and
technical aspects of pest control is presented. The review
;iiscusses the central issues relevant to a technological economic
appreisal in pest control, and indicates some general biolegical

characteristics as well as anomalies of pest crop systems.

Fig. 1:1 is & simple illustration of some of the mors important
interacting variables affected by pest control investment. A

" number of the terms in the boxes require some definition. For
instance, for crop loss and control costs, it is pertinent to
ask whose loss, whose costs? Similerly, crop injury, damage and
loss, sach have particular technical meanings. In the fellowing
review section, these terms are introduced and dgfined as they

arisae.

1.(2) Economic, technological and ecological aspects of pest control:

& review and discussion

- An attempt to rationalize pest contrel gave rise to the threshold
concepts first propeséd by Stern st al. {1959). These authors
defined the ‘economic injury level®’ as the: "lowest (pest)
population density that will cause economic damege”, where economic
damage is the amount of pest injury causing sufficient damage to

Jjustify control expenditure.,1 In conjunction with this, they also

ICIQarly the economic injury level depends on the cost of effective




Fig. 1:1

The interaction of the main variables affecting crop protection investment
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described the concept of the 'economic threshold of treatment’,
defined by them as: "the density (of pest) at which control
measuras should be determined to prevent an increasing pest
population from reaching the economic injury level”™. Thers

have besn frequent descriptions and redefinitions of these

basic concepts, notably by: Chant (1964} (the "action threshold”),
Edwards and Heath (1964), Bierne (1970}, Sylven (1968) (the
“eeritical injury threshold”), and Davidson and Norgaard (1973)

(the "damsge threshold”).

In an algebraic statement, Headley (1972}, adopts a marginal

cost and revenue approach to the threshold concept, and concludes
thaf the sconomic threshold population is slso the seconomically
‘@ptimml population (with respect to the maximization of net
return), and redefines it as: ®that (pest) population that
produces incremental damage equal to the cost of preventing that
damage”. Other implications of the Headley model are that the
economic threshold is responsive to, and determined by, prices

of the product protected, and the prices of control inmputs. Also
the population levels where yield damage first occurs may be
below the economic threshold, and finally that, unless the costs
are less than the incremental value of damage prevented for the
entire range of population levels, thers is no economic justification
for eradication policies (except a guaranteed, once and for all
eradication, with a cost of maintaining zero population levels
less than the cost of maintaining populations at greater than
zero levels). In a critique, Hall and Norgaard (1973} point out
that the timing of control, a factor emphasized by entomologists,

is excluded from consideration in the Headley model. These authors



extend the analysis by introducing timing as an additional
varisble and also, as a censequence of this they include a

cost of control function.

The importance of control costs versus the valus of the crops
being protected, is borne out by observation. Bullen (1870)
*has indicated that, whereas control costs (when bsing pesticide)
are fairly standard for a large variety of crops, crop yisld
value is not. This author has shown that the adoption of control

practices increases markedly for crops over a certain value (for

those crops yielding more than $50/acre (Ibid., p.69))}.

The economic threshold concept, especially as defined by Headlay,
is & useful statement of the ideal investment in pest control.
However, it doss have a severe practical limitation- This is
that there is rarely a way of predicting, with any confidencs,
the pggcise relationship between pest density and the resultant
economic crop loss without becoming involved in a great deal of
technical field work. Whereas the relationship between pesticide
dosage and pest mortality has been established as highly sigmoid
(Hillebrandt, 1960) from both laboratory (Bullen, 1970) and field
observations (Mathews and Tunstall, 1968), a simple direct

" relationship between pest density and resultant crop loss is
generally the exception rather than the rule. There is need,
firstly, to consider the effects of a pest size and maf:uritya

and the role of any exogenous variables on individuel consumption
demands by the pest. It is shown later in this work that the age

distribution of a lspidopterous larval infestation is of prime



importance in determining its injury potential, with larger larvae
consuming at a rate.two orders of maghitude higher than smaller
ones ES.(S]fcll. Secondly, there is the relationship between

p@st density and the immediate physical effect of the pest on

the plant (crop injuryl}. Cerrespondingly, there is the effect

.@f this injury on the quality and quantity of the crop harvested
¢{damage), and fimally the impact of quality énd duéntity changes
in the crop on the market price (gain or loss) and coerrespondingly
the farmers gross revenue. Ultimately the relationship between
pest density and gain or loss will depend on the functions

relating these intermediate factors.

To the first approximation, the pest density/crop injury relation-
ship is rectilinear over a considerable range of densities. For
example, with the p@lyphytobhagous locust swarms, crop injury has
been described as a direct function of food intake per locust in
a givgg time, the density of the locust populati@n; and also
the persistence of the swarm (Bullen, 1972). However, for more
sedentary pests it is to be expected that intraspecific competition
will affect the injury function when populations bescome dense.
This may be due to pests being forced to feed on less favourable
sites on the crop (with respect to their preferences, not

" necessarily from the point of view of aconomic damage), reducing
their individual intakes, or by affecting a range of physiological

and behavioural factors known to respond to population density.

The relationship between pest density and érop damage may also be

rectilinear. Such a relationship has been observed for the



gstimated yield losses in E. African maize due to varying densities

of stalk borer (Busseola fusca) larvae {(Walker, 1960). However,

such observations are genérally uncommen. Due to the compenéating
response of injured plants and vegetaﬁiVQ competition, a complex
relationship exists between injury and damage. In some instances,
early crop injury caused by fairly dense pest populations has
:resulted in incresesed crop yields. For example, the *thinning® of
deyglnhing cotton fruiting ‘squarss’ by flea hoppers and other
insects has resulted in increased cotton harvests (Hamner, 1941;
McKinlay and Geering, 1957). A similar result has been reported
for frit fly 'pruning’ of unproductive oats and berley tillers
{Znamensky, 1926). Conversely, a small pest population occurring
at & critical time in the crop growth cycle may cause considerable
losses at harvest. For example, considerable damage may occur
when young cotton plants are attacked by small numbers of crickets

(Tashkir Ahmad, 1954}, or when the inflorescences of mature seed

crop lucerne pastures are destroyed by small numbers of S. littoralis

larvae, the result may be total losses of seed hérvests (Vermes,

pers. comm.}. Bullen (1970) has cited the example of grasshopper
injury to wheatat the drying out stage. At this late stage in the
crop growth period, grasshoppers concentrate their attack upon the
&mail section of still-moist stem just below the ear causing it to

fall, resulting in severe crop damage.

In some crops the density of pest determines whether there are
increases or decreases in the crop yield at harvest. In Sweden,

M31lerstrom (1963), showed that low density,infestations of mangold

fly larvae (Pegomyia betae) on sugar beet caused an increase in
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yield, whereas higher densities resulted in significant damage.

Often the size end maturity of a plant is & more important
determinant of damage than variations.iﬁ pest density. For
instance, a mature plant can genersally suffef a much larger

pest population and injury to its vegetative growth than a young
;@neg and not demonstrate significant yield reductions. They are
able to do this by growing new leaves (Jones, 1953) or tillers
(Jessop, 1869) or relying for longer on older leaves (Taylor and

Bardner, 1968].

At the more general level, cultural practice, physical environment,
and interaction betwsen pests, will all play a part in determining

the crop loss due to a given severity of pest infestation.

The relationship between yield loss at harvest and farmer's loss
of revenue will only occur on a pro rata basis, if the amount of
crop EBB farm supplies has a negligible effect on the total
marketed quantity and if any quelity reductions in the product
are sufficiently unimportant to escape price discriminstion.
Ordish (1966(a)) has indicated that the demand for staple food
products (potatoes, cereals etc.) tends toc be inelastic, and a

. successful pest control innovation in such an industry may well
reault in reduced net revenues due to a fall in unit price. This
situation is contrasted with the typically elastic demand situation
for luxury crop products (notably soft and hard fruits), where
relatively large increases in quantities stpplied do not result

in substantial unit price reductions. Howaver, loss of revenue

by increased supply of inelastic demand products is a short run
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situation only, since in the long run a substantial price
recovery may be brought-about by a reduction in the size of the
industry and @ reallocation of released resources, not by the

discontinuation of effective pest control measures.

When pest injury occurs at the site of the marketed product, such
as codling moth in apples or carrot fly larvée oﬁ carrots, extra
costs may be incurred in grading the product, or where this 1is
not feasible the damaged harvest is sold as substandard products.
For example, partially defoliated lucerne converted into alfalfa
meal is sold as a lower grade feed additive, due to its lower
percentage protein content than leafy lucerne alfalfa mesl
(N.A.S., 1971). A similar situation occcurs in the international
m@rkets for cotton and cereals. In some cases there may be & discrete
'cut off point'. For instance, frozen food processing companies
contracting with British vegetable growers, accept green bean
harYgsts with up to 7% of the pods infected with-B@tfytis green
mould. If the level is higher than this they reject the crop
(Kovachich, 1970). The farmer is therefore faced with zero pest
losees at less then 7% dahag@ and a 100% loss for anything over
this figure (assuming he doesn’t use the crop for livastock feed

stc.).

Pest induced quality differences may not only be the result of
visible crop product damage. The production in potatoes is
determined by the numbers of potatoes per plant and the mean
weight of these potatoss. bﬂrtificial daéage work on Cyprus

potatoss, conducted by the author (unpublished), indicated that
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the numbers of potatoes per plant is determined early in the
growth cycle and is related to foliage weight. Further
develapment is by individual tuber growth, which is also
determined, at least in part, by foliage weight. Equivalent
~amounts of early and late foliage injury may result not only
in different yialds,_but may also influence the quality of
yield, since small numbers of large potatoes apd large numbers
of small potatoes may have a different market impact.

It would therefore appear that general models of the economic
threshold concept defined in terms of pest density, are not of
any practical value unlsss the actual relationship between pest
density and ultimate crop loss can be expressed accurately.
Given the present knowledge of ecology and crop injury response,
snd uncertainties in demand schedules, such a relationship must
nacessaril& be empirically derived for each pest problem, and
may require expansion to include at least one more variable

such as pest age distributibn, crop growth stage or environmental

temperaturs.

Due to the interactiné nature of variables such as temperature in
pest food consumption and maturation rate, the addition of a single
variable of this type to a function of crop loss general increases
i@s mathematical complexity by a power. An empirical function |
combining any more than two such interdspendent variables will

not be convenient for an operational control scheme, unlsess it

is incorporated into a useable form, such as a computer simulation.

So far there has been no explicit consideration of who is investing



in pest control or the equity of benefit from sudh an investment.
It has been tacitly assumed by references to yield loss and crop
product unit price that the individual farmer is the sole investor
and main beneficiary. This is indeed the most usual case since
the majority of the world’'s agricultural communities are highly
decentralized, with each farmer an entrepreneur, using pest
control techniques as just another production factor inmput.
However, nearly all pest control research agencies are
government-sponsored and are therefore presumably committed
to maximizing community benefit. Given certain social valus
Judgements, this may result in pest control measures which do
not necessarily maximize individual farm revenues, or programmes
fequiring a co-operative response from thalfarming community,
situations both of which are unlikely to occur spontaneously
from free enterprise. Some discussion is therefore necessary
to explore the implications of investment by different groups
on both the type and outcome of the techniques employed.
Individual farm investment will be considered first. Collectively,
farming enterprises hold considerable investment capital, but
rarely can individual operators afford te fund research and
development programmes in pest control. This has led to the
development of pest control techniques by large industrial
corporations which dffar métarials, generally pesticide, to
farmers. Farmers therefore have access to crop protection on
& low fixed cost, high variable cost basis. Although not
without their problems, pesticides have bken popular with both

manufacturers and farmers. To the chemical industry pesticides’



are patentable, bulk-pr@duced products arising from well
established patterns of resource investment in research and
develohment. They are popular with farmers due to their
demonstrable qualities as crop protection agents and flexibility

of usage.

The application of pesticide materials cannot be described as pest
control in any general sense, since the main oéjective is to save
the crop to which they are applied, and little cognizance is

taken of the impact of theée crop protection measures on the
population dynamics of the pest (Southwood, 1968). Indeed it has

been shown that crop protection and pest control can be antagonistic

processes (Watt, 1968).

Pesticides are supplieq to farmers with reéommended application
rates which are determined to give a high percentage kill of the
pest. Due to the sigmoid form of the dosage mortality response
curve to pesticides, an increase in the concentration of pesticide
would not necessarily result in a marked improvement in
infestation control, but could result in phytotoxicity in the
crop and increased operator hazard. Conversely, & reduction

in the dosage may' render the pesticide almost totally ineffective.
The farmer is therefore faced with the problem of applying the
compound at the stated dosage or not at all. Except for
e*tremely high value crops such as bananas (Ordish, 1968(a))

or cut flowsrs, this decision is further simplified into that

of deciding whether io apply paesticide to the crop once, or not

at all. The cost of control, in the economic threshold model,

to the individual farmer is therefore a single step function of



15

zero for no control, or the accounted costs of one dose of
pesticide and its application. This has been termed the ’yes’

or 'no’ situation (Ibid., p.345).

As ealready stated, the pest loss function is not so sasily
estimmted,‘and each pest problem has specific characteristics
which may even be significant at the farm lsvel (Strickland,
1870). Frequently it is only possible to be certain of
making the correct investment decision when infestations aere
obviously severe and damaging, or when the pest is at &
negligible level. There exists a broad range of infestation,
or threatened infestation situations, where losses cannot

be predicted with any accuracy. However, to adopt or reject
the use of a pesticide the rational farmer has at lsast
implicitly mede some estimate of future loss. This estimate
will normally be based on: the incidence and severity of

pest infestations and their effect on yield, the role and
state of any exogenous variables such as weather, any external
sgency advice or forecasts, and the likely markst price of
the crop if saved. By comparing this estimate with his control
costs a farmer can postulate whether the infestation is above

or below the economic threshold.

In situations where the costs of control are low and the pessible
crob losses are high, farmers may minimize total costs by
routinely treating. An example of this is the use of cersal
fungicidal and insecticidal seed dressings for cereal crops.

In Britain, a total of more than 98% of all whsat acreages are

trested with some form of seed dressing for either seed borne
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diseases, wireworms or wheat bulb fly. The estimated cost of this
treatment (in 1967) was £0.05/acre (Stricklend, 1967}. Although
this results in some diseases being kept under continucus.control -

(such as bunt, Tilletia caries, Strickland (1970(b)), it is certainly

true that in the absence of seed dressings some crops would escape
attack neturally. These applications are therefore a form of
insurance by the farmers who do not assess the prebabilitiss of

economic damage for each cropping.

Farmers generally tend to under-utilize pesticides. Headley (1968),
using en eggregate production function analysis, estimated that

the marginal valus of & one dollar expenditure for chemical
pesticide in U.S. agriculture was $4. A similar figure of $5

was estimated for British agriculture (Strickland, 1970). However,
there appears to be considerable variation between crops, Carlson
(1970) has estimated a mean of £2.25 for U.S. cotton farms, but
only $0.95 for cotton farms larger than 100 acres. This under-
utii;éati@nican be explained by the perhaps understandable
reluctance by farmers to expend real cash resources for a

problematical crop yield increase, -even though the odds of &

net gain may be in their favour.

One way of reducing the number of wrong decisions on control
epplications is to make the farmer better informed about how to
recognize the economic threshold. This may require applied
ressarch into the pest problem, more extension work, or the
establishing of a pest damage forecasting service. The cost

of these activities is the cost of reducing error, and can



legitimately be included in the cost of control function (even
if the farmer does not pay, the community does). Bradbury

& Loasby (1970) have described the research and development
investment problem as an optimization scheme, whers the costs
of error fall in a diminishing returns law fashion with unit
rises in research costs. The summation of the two represent
the costs of uncertainty, and the optimum investment level is
given by the lowest point on this curve. It is usual in pest
control research that error is not greatly reduced until a
useful forecasting technique has been developed. In this

" event, the costs of error fall to a negligible level. An
example of this is the British Sugar Corporation spray warning
scheme which is based on fly trap and meteorological data,

and provides accuréte predictions of the likely incidence of
mangold fly, black aphids, and the aphid vectors of Sugar Beet
Yellows Virus (Hull, 1968). However, in some instances, the
costs of uncertainty are minimized with no research effort.
For ;;ample; it costs about £5 per site in soil sampling and
analysis to determine whether wireworms will cause economic
damage in a wheat field. Although there may be considérable
*spin off' advantages in such a survey in terms of information

én other pests and diseases and innate sail fertility, if a

farmer has to spend more than £3 on diagnosis he is paying more

than the cost of treating a 5 hectere field (Strickland, 1966).

One way of reducing uncertainty for the farmer is by contract
growing, where the market price of the crop product is fixed
before sowing. This at least reduces one source of loss

variation, and although it merely moves the merket risk onto

17



the contractor, it does encourage the farmer to rationalize more '

fully his crop protection investment.

'The previous discussion has been centred on crop protection
investment by farmers in the developed countries. In the tropical
developing countries the incidence and severity of pest damage
ﬁends to be higher. This is due to the greater diversity of
pest species and their faster growth rate in these areas,
coupled with a generally low level 6? pest control organization
and investment. For instance, in 1968 stem borer (Busseola
fusca) caused an estimated 27% loss of all cereal harvests in
Tanzania, and in the same year the bollworm (Heliothos sp.)
caused é@% losses in cereals in Kenya. Combined cersal losses
due to all pests amounted to 340,000 long tons (equivalent

to 450,000 ha.), in Tanzania, and 523,000 long tons (equivalent
to 448,000 ha.), in Kenya, (all data from Walker, 1967). Where
crop protection is practised, returns are generally high. Ingram
(1965) surveyed cotton spraying in Uganda and estimated that
the responses to treatment gave yield increases varying from
12-125% with an average of 27 %* 11%. It is thersfors not
unlikely that the return on the marginal crop protection dollar
in these countries is an order of magnitude higher than that
estimated for British and U.S. farms. It is probably not, as
is‘commonly thought, widespread ignorance by farmers of the
value of pesticide which prevents more extensive use of
chemicals in these countries, but the lack of credit facilities

coupled with subsistence agriculture (Strong, 1970). This
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peculiar form of market failure presents an altogether different
problem to agricultural industries in these countries, and can
only be resolved by some.form of centralized pest control
programme, or government subsidy and lcan schemes te individual

farmers.

"When the role of crop protection is taken sutvof the hands of
individual farmers by a community sponsored agency, two major
differences occur. Firstly, the scope, flexibility and
sophistication of the crop protection measures may increase,
facilitating '"pest control’ or 'pest management’. Secondly,
the economic evaluation of a pest control strategy is
complicated by the need to adopt a cost bsnefit analysis

type of appreach to the investment appraisal.

A major advantage in increasing the scope for pest control is
that it can result in a lowering of the economic injury level
by préducing cheaper or more effective crop protection methods.
Even in its least developed form, community sponsored pest
control enjoys some economies of scale. For example, aerisl
spraying reduces fixed costs of application, resulting in a
lower cost/acre of pesticide treatment. Howsver, centralized
activity also facilitates a more holistic appreoach to the
problem. iThe concept of ’integrated control’ developed by

R.F. Smith and others (Smith, 1962, 1966, 1967) is an example
of this epprosch, and is defined as "a pest population managsment
system that, in the context of the associated environmental and

ﬁopulation dynamics of the pest species, utilizes all suitable

18
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techniques and metheds in as compatible a menner as possible, and
maintaiﬁs the pest population at levels below tho#e causing
economic injury”. Such mefhodé do not preclude the use of
chemical pesticides but relegate them from the stetus of sols
crop protection agents, to the role of one input to be used
judiciously in combination with other methods. The range of
other methods is increasingly rapidly and can be broadly divided
into biological control: the imtroduction, encouragement or
‘mass culture and dissemination of pest parasites, predators or
competitors; or the use of alternative treatments applied to
crops, including: antifeedants, attracﬁants and repellants
{including pheromones), hormones and microbial agents. A
further discussion of thess control methods can be found in

De Bach (1965), and Huffaker (1974).

The cost benefit analysis approach to investment appraisal

adopted by community sponsored bodies differs from the conventional
commercial project appraisal in two major ways. Firstly, the
costs and benefits to all members of society are included, and

not just the monetary expenditures and receipts of the responsible
egency, and secondly the rate at which future benefits are
discounted {social discount rate] may differ from the rate used

by private investment.

The evaluation of costs and benefits to society is ideally made
by identifying all parties affected by the project and valuing the
effect on their welfare in monetary terms. An estimste must also

be made of the timing of any costs or benefits, and the overall
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income distribution effects of the investment. In any pest control
scheme, one group who are always affected is the farming community.
Possible disruption of the indﬁstry as a result of crop product unit
price redﬁctions following a successful pest management innovation,
will be a ;@gitimate cost of any such scheme, which should be set

against the benefits of immediately increasing crop yields.

Another difficulty arising from this kind of analysis in pest
control, is in the valuation of intangible costs and benefits,
usually associated with en increase or decrease in the amount of
pesticide released into the environment. The problems of
asse@ssing and incorporating them into any enalysis are immense,
since the biological, medical, or assthetic significance of
this form of pollution is extremely difficult to establish in
'many cases. Even with a scientific statement of environmental
impact, the valuation of any detrimental effects on a common
property resource, is fraught with difficulty. In practice
'vald;’ is often set to reflect the strength of any political
lobbying, rather than by conventional demand analysis. In some
instances, a range of investment choices is offered with
approximately equal cost bensfit ratios. In these cases, the
option resulting in least pollution is chosen. Howaver, the
problem is rarely structured so conveniently, and often the
choice is & direct confrontation between the continuation of a
praﬁtice or its discontinuation on environmental grounds. Such
an example is the banning of D.D.T. for a large number of
agricultural usages on U.S. farms, the full costs and bensfits of

which have never been satisfactorily sstimated.
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The comparatiVe advantage bestween a quick return crop pretection
policy.(sucn as chemical control) and those offering a return in
‘the future (such as a sterile male release, eradication programme),
can be estimated by discounting any future costs and benefits

at the social discount rate to arrive at a net present value
(N.P.V.]) for each investment. The estimation eof the social
discount rate is the subject of considerable academic controversy
(see Layard, 1972). 1In principle, it should be set at a weighted
average of the preferences .for consumption today versus consumption
tomorrow, for all people affected by the investment. There are
obvious problems in estimating this, and a common practice is to
adopt the market rate of intersst. However, taxation and risk

in the private sector may operate to make this rate higher than
the actual appropriate rate for & cost benefit analysis appraisal.
Also, since real rates of return will be assessed in the appraisal,
inflation may have an opposite effect. The problem can be avoided
to some extent by making explicit the implications of each rate

of iggerest in terms of its overall effect on growth, and the

level of present consumption, and then presenting these estimates

to an elected dscision making body.

it is not necessary to discuss further the application and role
of cost benefit analysis in centralized investment appraisal;

this is done elsewhere: Mishan (1871), Prest and Turvey (1965],
Walsh and Williams (1971) and Layard (1972), and with reference

to pest control: Headley (1973) and Bradbury and Loasby (1975].
However, where specific factors appear to be important for S.
littoralis control in Cyprus, they will be discussed more fully imn

context.
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1.(3) A general scheme for pest control research action, and a

description of the epproach adopted in this study

Having outlined some of the major problems associated with a

technologicael economic appreisal of pest control, it is useful to

suggest a general scheme for research which embraces these. It

' is assumed that ths research agency is community sponsored and

does not represent any particular sectional interests.

An initial task would be to examine the agficultural sector of
the economy, and in particular to identify the main resource
constraints. This wouwld give some indication of the long term
‘commercial security® of the pest host crops, and also provide
information on the feasibility of any control methods. For
instance, aeriel spraying programmes for lakeside cotton
plantations in MalaWwi, although showing a high return for
cotton growers were found to be incompatible with. the stated
guvefﬁment objective of a development on the lake fisherles
industry (Gloyne, pers. comm.). If it is established that
crop protection is possible, some preliminary survey of the
present scale of crop loss is required. Coupled with sstimates
of the crop product demand elasticities, this will give some

indication of the potential cash returns from a successful pest

control innovation. A preliminary costing of the proposed

“techniques, including discounting to reflect the timing of

costs and returns, will give a cruds measure of the returns
on preventing avoidable loss befors any cpnsiderably research

effort has been expended.



24

Assuming that the decision is taken to continue at this stage,
the agency will need to consider whether their control
recommendations are to be deployed from some centralized body

or adopted by individual producers. In a highly unstructured
research programme it may not be possible to make any final
decisions until a working pest control technique has besn
established. However, a number of general points will be

clear from the outset. For instance, if pest outbrsaks are
erratic and unpredictable the flexibility of action by
individual producers will weigh in favour of a decentralized
controi programme. Conversely, the more complex integrated
control schemes often require a continual level of specialist
Judgement and a broad view sometimes resulting in decisions
disadvantageous to individuals. Under these circumstances a
scheme would be unworkable unless centrally directed (ses for
instance the scheme for integrated control in Peruvian cotton,
Ordish (1968(b}). An early decision on the method of deployment
is aa;antageous since it allows time to prepare for any Possible
extension work or legislation for a tax or subsidy which may

be necessary to make any recommendations attractive to.pgoducers.
Furthermore, the readiness-with which farmers will adopt innpovations
depends not merely on a demonstration of their profitability.
Other components of the imnovation such as its novelty or
complexity have also bsen shown to be of considerable impontancé
{Bohlen, et al., 1959; Rogers and Shoemaker, 1971), and any fully
co-ordinaeted research programme will wish to take account of the
problems of rural extension work not oniy in formulating its

recommendations, but also in designing its research.
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In devising the control technique it is necessary to develop both
a crop damage function, relatihg crop damage to incremental
changes in at least one, possibly more pest varlables, and also
the production function: Iincremental crop losses saved for unit
control inputs. Although the production function may be estimated
with fair accuracy, a prediction of crop loss is often uncertain.
However, unless infestations are sufficiently damaging to justify
routine treatments, some predictive model is required for the
analysis; this will ideally be based on the available field

data collected and interpreted by experienced practitioners

of applied ecology.

The author®s approach to the Cyprus armyworm problem and subsequent
presentation of this work follows this general scheme. In Chapter
2 the agricultural sector in the Cyprus economy is examined, and
the critical importance of irrigated crops and their water supply
is discussed. Chapter 3 gives a miscellany of information
relevant to the estimation of crop value and crop loss. Chapter

4 is the 'commercial screening' of armyworm host crops and Chapter
5 presents biological and ecological data on the pest necessary
for estimating the crop damage function. This function is derived
empirically by comparing pest consumption modified by growth and
mortality, with the compensating growth response by the crop, and
is ﬁresented in a convenient format as a computer simulation. In
Chapter 7 the control costs are estimated. Chapter 8 offers a
scheme for estimating the economic threshold of treatment from
the.control costs and the crop damage function, and in the
eppendix values for the economic threshold are given for

different damage and tresatment costs.
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CHAPTER 2

ﬁgricultural production and water resources within the Cyprus

economy

2.(1) Introduction

Shortly dfter preparing this chapter, war on the island caused
Cyprus to be partitioned and brought about the collapse of the
economy. One of the worst hit sectors ahpears to be agriculture,
with many hundreds of square miles of forestry destroyed by
napalm, and citrus and other irrigeted crops lost through neglact.
The priority in the Greek sector is the rafugse problem, meanwhile
the Turks sre establishing a political and administrative infra-
structura to support their military presence in the north of the
island. The reports of activities in the agricultural sedtors

of both Greek and Turkish held areas indicate that the lack of
raw égferials, extensive communications damage and the disruption
of a large number of agricultural communities has led to a

chaotic situation from which rehabilitation will necessarily be

8low,

The improvement in the control of armyworm infestations on the
islend, would, until July, have contributed to the economic
strength of the island's key sgricultural sector. In the present
position of uncertainty, so many gross changes are apparent that
an economic assessment of the value of increased pest control
efficisncy would not be possible, indeed the increase in

efficiency might not even be technically feasibla.
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What is clear in the present situation is that whoever does
ultimately contr@l.Cyprus, will be faced with the same physical
constraints (geographical position, natural resources etc.) as
the previous regime. Futurs governments on the island will
thersfore encounter broadly the same agricultural problems and
opportunities as those existing in 1973. It is assumed that
some of the economic data used in the pre-war draft of this
chapter reflected these non-political constraints, and since
the alternative is no data at all, the chapter is presented in

essentially its original form.

The chapter presents a brief review of those factors which have
a particular bsaring on the type, possible outcome and value of

S. littoralis control ressarch on the island. The principal role

of agriculture in the economy is discussed. Then specific factors,
such as land values, fragmentation, water availability and
irrigation costs will be examined more closely in support

of discussions in later chapters.

2.(2) Cyprus: its position and economy

Cyprus is the second largest island in fhs Mediterransan; it has

a population of approximately 650,000 and an arsa of 3,572 square
miles. The island holds a key position in the eastern Mediterranean
and has suffered (and continues to suffer), a stormy history of
repeated invasion. From 1860 until July 1974 it enjoyed a
precarious independence, at the expense of a de facto division

between the minority Turkish Cypriot community (18% of the population),
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and the predominant Greek Cypriot community (80% of the population].

Friction between the two communities has resulted in the stationing

of 7,000 troops of the United Nations peace-keeping force on the

island since 1964.

1971 marked the last year of the government's second °Five Year

Plan'. The government's attitude during that perioed was cautious.

Foreign exchange reserves were steadily built up, almost doubling

in the quinquennium. The Central Bank exerted tight control over

- the banking system, and liquidity ratios were high:

over 35% in

1971. Even with this cautious attitude to investment, the Gross

Domestic Product (G.d,P.J at constant factor costs increased each

year from 18966-1871 (Table 2:1). Owing to the vagaries of weather

the agricultural sector showed a variable increase in production

Table 2:1 Percentage increase over previous year of G.D.P. by

industrial orig;n at constant factor cost of 1958

Sector 1966 1957 1968 1869 1970 1971
(1) Agriculture, Forestry, Fishing
and Hunting -5.,5 26.1 -6.0 13.5 -11.3 26.4
(2} Mining and Quarrying -4,6 32.2 -4.9 6.4 3.6 4.7
{3) Manufacturing 1.3 0.1 8.6 8.5 8.3 10.8
(4) Construction 13.8 12.1 10.8 12.2 8.7 9.0
(5) Electricity, gas and water 19.2 19.4 5.4 10.3 16.3 4.0
{6) Transportation, storage and
communication 1.7 20.2 6.4 3.9 8.1 7.5
{7) Wholesale and retail trade 7.1 10.7 9.2 13.9 3.0 0.4
(8) Banking, insurance and real
estate 42.1 18.5 6.3 8.8 32.4 4.1
(8) Ownership of dwellings o.9 1.8 1.8 1.7 1.7 3.3
{10) Public administration and
defence 8.5 3.9 8.8 14.8 4.0 13.5
(11) Services 8.3 5.9 10.4 7.2 110.1 11.0
6.0.P. at constant factor cost
excluding agriculture 10.8 13.5 6.5 8.9 8.6 7.8
G.D.P. at constant factor cost 4.7 14.9 4.0 8.8 3.5 1z2.1

Modified from: Min.of Finance (1972].
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through the same period; however, it did maintain a fairly high
growth rate not much inferior to other sectors (average increase

of 7.2% per year as opposed to 9.5% for all other secters).

There was a recent boom in tourism; in 1871 178,000 people visited
the island and their sstimated total expenditure was C£13.6 millions
(Min. of Finance, 1872). The balance of payments position also
showed an increasing surplus in the period 1966-71, and stood

at C£17.9 millions in 1971.

However, this apparently secure economic position masked a structural
weakness. Import/export figures for the same period indicated an
annually widening trade gap (Table 2:2). This was expected to widen

8till further with the decline in the mining and quarrying industry.

Teble 2:2 Import/export figures for Cyprus 1968-71, in

—

C€1.0 millions (C.I.F.)

1868 1969 1970 1971

Imports 70.9 86.5 98.2 106.8
Exports 37.0 40.9 45.2 47.3
Trade Gap '33.89  45.6 53.0 59.6

(Data: Min. of Finance, 1972).

Minerals, principally copper and asbestos, had provided between
30-60% of exports in the past. Exhaustion of some of these

reserves could mean a reduction of export earnings by this sector
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to as little as 12% of total exports. The heavy dependence on
imports (including energy sources) laid the island open to

imported inflation.

This poor trading position was protected up until 1874 by the
.receipt of invisibles. These totalled C£73.3 millions in 1971,

anhd were largely due to foreign militery expenditure. This was
contributed by: the British sovereign bases, the U.N. peace-keeping

force and the Turkish garrison (supported from Ankara)l.

Unemployment on the island between 1966-71 was low. 0.95-1.31%
of the economically active population were registered at labour

exchanges at any one time during the perdiod (Ibid.}.
Agriculture was the key sector in the economy being the largest

contributor to G.0.P. (Table 2:3), and alsoc to exports (58% of

‘ t@taijl

Table 2:3 Industrial origin of G.D.P. at constant factor cost of

1858 (CE million)

Ssctor 1866 1867 1968 1869 1970 1871
(1) Agriculture, Forestry, Fishing
and Hunting 27.6 34.8 32.7 37.1 32.9 41.6
(2) Mining and Quarrying 6.2 8.2 7.8 8.3 8.6 8.0
(3) Manufacturing 15.8 17.4 18.9 20.5 22.2 24.6
(4) Construction 6.6 7.4 8.2 9.2 10.0 10.9
(8) Electricity, Gas and Water 3.1 3.7 3.9 4.3 5.0 5.2
(6) Transportation, storage and .
communication » 11.9 4.3 15.5 16.1 17.4 18.7
(7) Wholesale and Retail trade 18.6 21.7 23.7 27.0 27.8 30.7
(8) Banking, Insurance and Real
Estate 5.4 6.4 6.8 7.4 9.8 10.2
(9) Ownership of dwellings 1.2 11.4 11.6 11.8 12.0 12.4
(10) Public administration and
defence 7.7 8.0 8.7 10.0 0.4 11.8
{11) Services 11.8 12.5 13.8 14.8 16.3 18.1
193.2

6.0.P. at constant factor cost 126.9 145.8 151.6 166.5 172.4
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It was the larg@st.single employer of labour: in 1971 35.2%

of the economically active population were employed in agriculture.
The main constraint to further development appeared to be.the
availability of irrigated land. 12% of the total agricultural
land was irrigated, but it has contributed over 50% of the total
.production, and 60% of the agricultural exports {(largely eitrus
and spring potatoes) in the past. In spite df fhé rise in
production in this sector, Cyprus was not self-sufficient in
certain foods and meat and milk products to the value of

CE€3 million were imported each year.

The pre-war government was anxious to improve its trading
position by increasing agriculture exports and producing more
import substitutes, particulerly in the dairying and livestock
industry. Pressure on businessmen was for more initiative in
'modern’ sector industries with the view to establishing export

capacity in manufacturing.

Apart from the general disruption caused by the war in all
sectors, the lucrative tourist industry will have been badly hit
for a number of years. The possible withdrawal of ths U.N. troops
will cause further reductioﬁs in the invisible receipts, andthe
mooted North Atlantic Treaty Organization (N.A.T.0.) defence cuts
may reduce the contribution by the sovereign bases. Although the
present partition may lead to a more rational sxploitation of
some hitherto shared resources (particularly irrigation water],

the effects of the war damage and the other factors mentioned above
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have held back economic growth in Cyprus and will continue to

do so.

Although it is impossible to predict with any accuracy the future
economic pelicy of either sector, it is clear that egriculture,

and particularly that part associated with irrigated crops, will
play an important role in the rehabilitation and future development
of Cyprus. In view of this, and the fact that armyworms are pests
of the valuable irrigated crops, the nature and constraints of the
agricultural resources on the island will be briefly examined,

with particular reference to irrigation water.

2.(3) Land and water

The ownership of agricultural land in Cyprus was distributed within:
the private sector (85%), state ownership (10%), church ownership
(4%) and communally-held land (1%) (Karouzis, 1970).

Generally, agronomic qualities and climate determine the range of
crops which can be grown on a pisce of land. Its positimn {with
respect to communications development), and size of individual
owngrships, will affect the degree to which scale sconomies can

be exploited, in particular the crop’s harvesting and marketing '
costs. These two groups of factors largely determine the value of

land for agricultural purposes.

2.(3)(a) Climate, sgronomic quality of land and water resources

of Cxerus

Cyprus enjoys an extreme development of the Mediterranean type



climate, with long hot and sunny summers, and a short wet season
from December to Fébruary. Co;d spells are not unusual during
the period December to March. In the coastal area the climate
is more humid thamn in the Central Mesacria region and at higher
elevations lowsr temperatures and heavier winter rainfall are

experienced.

The three important agronomic qualities of land in Cyprus are
soil fertility, availability of irrigation water and improvements

such as levelling and terracing.

Seil fertility on the island is generally good, for both the
plains and the hills. The solls are derived largely from
weathered limestone and volcanic rock. These volcanic soils
reach their highest state of development in the S.E. tip of
the island where they produce a rich clay loam of & character-

istic red colour.

Levelling and terracing is required for hillside vine production
and deciduous trees. Agriculture has been practised in Cyprus
eince Neolithic times and, except in areas served by modern

irrigation schemes, most of these basic'improvements have

already been made.

In Cyprus, the most important determinant of agricultural land
value is the availability of irrigation water. The estimates
of the avaeilable water have varied over the years as most were

based on incomplete data. A recent study (Min. of Agric. and
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Nat. Res., 1972) computed an average water crop of 1,300 million
mga/yr.of which an estimated 350 million m.a/yrareached groundwater

basins.

The degrse of percolation, and retention of precipitation in any
one area, depends on the geology of that area and the relief
gradient. In certain parts of Cyprus groundwater is retained

in permeable rocks termed agquifers. There are nine major afeas
which are classified according to output and water quality into

first and second class aquifers (Fig. 2:1).

In the Central Mesaoris, where the majority of the lucerne crop
is cultivated, thers are three distinguishable aquiferous zones:
the classic aquifer, gypsum aguifer and river alluvium {(Toufexis
and Jacovides, 1971). The classic aquifer yields fresh water but
in fairly low quantities. The gypsum aquifer yields a low volume
of higp salinity (low quality) water. Especially important in
this area are the alluvial deposits of the Yialias river which
supply quality irrigation water for dairying in the villages of
Dhali, Potamia and Nisou, and also contribute to the Nicosia

domestic water supply.

* The island’'s most extensive and high yielding aquifer is situated
in the N.W. of Cyprus, around the town of Morphou (Fig. 2:2). This
highly productive aquifer, which extends to 100m.in depth at the

richest point of its development, supports the largest citrus

growing area in Cyprus.
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Fig.2:1 Groundwater sources in Cyprus.

# First class aquifers

i Second class aquifers

(After the Water Development Department, Cyprus)



Fig-2:2 The topography and main rivers and towns of Cyprus.
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The S.E. Mesaoria aquifers are of three types; limestone, gypsum .
and sandstone. The sandstone aquifer contains 99% of the water
available in the area and is of appreciable thickness. It dis
bounded on the s@uth and easy by the sea (Ibidd. This aquifer is
important for its support of the large spring éotato crop which is
mainly grown for export (3.(3)). In the summer and autumn, water

from this aquifer is used for the late potato crop and other

vegetables grown for home consumption.

Table 2:4 shows the present extraction levels of groundwater sources
in Cyprus. Although the two mein agquifers are overpumped, there

is sn overall surplus.of groundwater in the island. The over-
pumping at the first two areas listed is causing serious problems

in the S.E. Mesacria. The cones of depression of the water table

correspond very closely to the pumping pattern (Pepis, pers comm.).

—

Table 2:4 Groundwater sources in Cyprus by Region (1972)

'Region Annual Replenishment Present Extraction

(mdllions m.3/yr) - (millions m.3/yr)
W. Mesaoria 68.4 88.6°
3.E. Mesaoria 25 4.7°%
Central Mesaoria 14 14
Karapass Peninsula 20 8
Limassol 101.5 36
Larnaca 36 9
Polis 25 )
Paphos 26 9
Kyrenia Coast 36.5 20.5
Total 352.4 237.1

sAquifers suffering from sea water intrusion.

(Data reproduced from: Min. of Agric. and Nat. Res., 1872).



The aquiferous units are becoming more and more isolated, and
are exploitable oniy at the richer places of their development.
The greatest declines in the water table in 1971, were near the
villages of Liopetri, north of Phrenaros, Avgorou and Kalopsidha.
All of these are important potato growing areas, Liopetri being

the second most important village for potatoes on the island.

This over-exploitation situation has irreversibls effects: the
aquifers bounded by the sea suffer ssa water intrusion when

pumping reduces the level of the groundwater to below ssa level.
This has occurred quite extensively in the S.E. Mesaoria region
causing the destruction of some citrus groves and the formation

of infertile sodic 3@115,1

The water problem is especially important in this study, since

it is the basis for concluding that the late potato crop (a major
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(4.(2)). It is therefore necessary, in support of these arguments,

to digress and briefly examine the possibility that alternative
irrigation water sources will be made availsble at an economic
rate in the areas of over-exploitation, in particular the S.E.

Mesaoria.

.

Three systems are possible. These are the transp@rtqtion of pumped

water from areas of present surplus, increasihg the catchment of

runoff by more damming, or the desalination of sea water.

IA situation resulting from saline water irrigation or sea water
intrusion, where the soil loses its crumb structure due to its
anionic exchange capacity being totally occupied by sodium.
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The author considers it unlikely that areas at presenf enjoying

a surplus of gr@undwater.will in future suppfement areas where there
is an irrigation water deficit. This is because the one area with

a considerable surplus - Limassol, and ihe three areas with a moderate
surplus, Larnaca, Polis and Paphos - are all agricultural, and have
a growing demand for irrigation water. In addition, the transport-
ation of water involves some considerable extra costs in the form of
losses in transport, pumping costs1 and the capital and

maintenance costs of conveysnce to the farms, including distribution
canals and pipes. Irrigation water transported for any considerable
distance may therefore be quite costly, and farmers using the

water may find their crop prices uncompetitive (both at home and

for export) with crops produced from lecally pumped water.

The possibility of a pipeline carrying a large amount of freshwater
from mainland Turkey has been discussed on the island, and this

may now be politiceally feasible. However, if the‘pipeline were
constructed, it is doubtful, given the present political climate,
whether it would be used to augment supplies in the predominantly

Greek Cypriot S.E. Mesaoria arsa.

The amount of water runoff dammed on the island has increased
considerably and steadily, from a dam accumulated storage cepacity
of 6.2 millfon m> in 1961 to 47.7 million m in 1972 (Konteatis,
1973). H;wevar, of the 67 dams in use on the island in 1971,

fully 27 were in the S.E. Meseaoria area, and of these, 9 were

IOf conveyance only, since the extraction pumping costs will not
be incurred by recipient farmers.
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classified as.major recharge dams (Ibid., p.23). It seems_improbable
that the remaining potential dam sites in this area, would provide
a sufficient extra catchment significantly to ameliorate the

water problems of the S.E. Mesaoria.

The final possibility is f@r.some form of desalination plant on
the island. Short of the serendipidous discovery of a filtering
membrane or similar such system, desalination plants on a& scale
sufficient for irrigation purposes would require considerable
energy supplies. It is assumed, that since Cyprus is dependent
on imported fossil fusls, and with the recent worldwide increases
in fuel prices, that the government would not contemplate
desalination plants powered by these energy sources. The
much-advocated plans for nuclear desalination plants in éhe
Middle East, Ere not now seen as the cheap method of "making
desert lands bloom for human need” (quoted from: Eisenhower,
-1868). Nuclear plants would generate elsctricity and have
undo&gied economies of scale. However, the size of plant
required to produce water at that price determined to be
economically viable for irrigation purposes1 would be .
enormous, generating electricity in excess of 3.5 million
&Qw.h. per year. This is far greater than the needs of any
Middle Eastern country. Built-in power consumers such as
agro-industrial complexes have been suggested. Howsver,

such ventures would require an extremely high initial

capital input and a continuing standard of technical skill

for maintenance that is not at present available outside

Europe and the United States. It therefore seems improbable

IEstimated at 10 cents per 1,000 gallons (Clawsan et al., 19689)

e




that & nuclesr powered desalination plant would show any favourabia

return in the Cyprus economy.

In conclusion, there appears to be no.short term solution to the
problem of alternative irrigation water supplies for those areas

-at present suffering a deficit.
¢

2.(3)(b) Land and irriggtion water ownership

Although the private sector is the largest ownership category,
individuals rarely possessed a large amount of land. 60% of the
landowners owned less than 1 ha. and 85% less than 3 ha. (Karouzis,
1870). Due to the traditionel dowry system of inheritance these
small ownerships were continually divided at each generation into
smaller and meore scattered plots. In the Morphou region land
division ranged from 1-189 plots per ownership, and over 30%

of the total number of owners possessed 5 or more plots (Ibid.).
According to the existing Land Property Law, the minimum size of
p@rennially irrigable land that can be owned by one person is

set at 1 donum (0.134 ha.). Fragmention has continued to this
limit, and now land is jointly owned. In the village of Akaki

in the Morphou district, whefe both lucerne and potatoes are
grown, the average ownership was 2.15 ha./landowner, fragmented
into an average number of 11 plots, giving a mean plot size of
B.18 ha. (gggg;]. The conclusion is that the existing land

tenure system causes considerable fragmentation in land ownership,

dispersal of plots, small-average size of plots and irregular
shaped plots. This results in inefficient operation with limited -

scapa for mechanization. " There is also considerable waste of
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sgricultural land by the numerous boundary lines and access

tracks.

SimilarlQ, the groundwater resources and control of wells in

an area are subject to private ownership. These ownerships

sre often shared; those with the water rights using the wells
according to their entitled share. The ownership of wells and
water rightS;.is often independent of the individual's ownership
of land or the proximity of the wall to any land he may have.

As with land inheritence, rights change hands and are fragmented
through the dowry inhgritencg system. On the larger farms,
landowners often negotiated and purchased the sxclusive rights
to & well. However, the general picturs amongst the smaller

holdings is one of co-ownership of wells.

This situation is exemplified by the position in the village of
Akaki.”” In Akaki in 1870, there was a chain of eight wells. The
number of co-owners of each well ranged from 10-145 (Ibid.). The
period of irrigation entitlement ranged from 1-30 hours.usage once
each eight to twenty day cycle. 34% of the co-owners of all eight
wells had rights to only 1-3 hrs usage per cycle, the majority
{85.5%) were entitled to 10 hrs or less each cycle. Some co-

owners leased part or all of their water rights (Ibid.].

Farmers with access to water from government-sponsored irrigation
schemes could utilize the water by purchasing it from the

government at a rate fixed for each irrigation scheme.

The irrigation water from groundwater sources and dams was applied
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to the crops by either direct gravity feed (fl@odingl or by
pumping through sprinkler pipes. The costs of each system

are estimated in Appendix 2:1.
2.(4) Conclusion

Agriculturea particularly the export production from irrigated
crops, made a msjor contribution to the prosperity of Cyprus
before July 1974. We consider that in the present situation
it is important that the cause of the constraints to the
further expansion of the irrigated crop sector be identified
and the problems tackled. It appears that land fragmentation
and the inefficient exploitation of the limited irrigation

water resources are two major candidates for further investigation.



SUMMARY -~ CHAPTER 2

 The present and future economic position in Cyprus is unclea} and
uncertain following the events of July 1974. However, the situation
existing before this period is discussed and the assumption is made
that the state of the economy then reflected many resource

;constraints which were largely indspendent of the political situation
and which consequently, may have a continuing impact on future

developments on the island.

The economy in 1971 was bouyant and showed a steady annual real rise
in G.D.P. However, the overall surplus of foreign exchenge was
dependent on the receipt of invisibles which masked an annually
widening trade-gap. Agriculture was the key sector in the economy
being the largest contributor te G.D.P. and also to exports.

Within this sector, irrigated crops contributed more than half

the total production and exports, although they absorbed only

12% of the total agricultural land.

Irrigation water in Cyprus was over-exploited in two arsas where
important export crops were grown. Other possible sources of water
for these crops are discussed and it is concluded that with the
present economic constraints these areas will probably not be

supplemsnted by slternativs sources.
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CHAPTER 3 ‘ .

Crops infested by S, littoralis, their cultivation and

profitability in Cyprus

3.(1) Introduction

S. littoralis utilizes a wide variety of food plants both cultivated

and uncultivated (Chapter 5 section 5.(2)), and has bsen reported
on most irrigated crops in Cyprus. The most important attacks
ocecurred on the follage of the lucerne and late potato crops.

In addition, tomatoes, beans and artichokes were occasionally
damaged. This chapter describes the production of lucerne in
Cyprus and discusses some of the agronomic and economic factors
which have a bearing on possible pest control methods. Some

other crops attacked by S. littoralis are also briefly discussed.

——

3.(2) Lucerne

3.(2)(a) Introduction

Lucerne or alfalfa, is a forage crop which originated in Asia

and was first cultivated in Iran. The genus includes a wide

range of cultivars from two species: Madicago saliva and Medicago
fal&ata, Lucerne is grown from high latitudes, where it
éncounters low temperatures and variable photoperiod, to the

warm end constant climate of the egquator. In general, higher

air temperatures and light intensities promote both vegetative

and reproductive growthe.
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3.(2)(b) Lucerne cultivation in Cyprus

In Cyprus, -the Flemish variety of M. saliva is cultivated, This
type is purple flowered, responds quickly to cropping and 1is

only moderately winter hardy.

.'An estimated 800 ha. of lucerne wers grown in Cyprus, all of this
required summer irrigation. The Central Mesaoria aquifer, to
the south sast of Nicosia, supported approximately half the
total smount of lucerne grown in Cyprus. The remaindsr was

grown to the west of Nicosia and in the coastal districts of

Larnaca, Limassol and Paphos:

Date from & questionnaire sent to lucerns and vegetable growers
(Appendix 3:1), indicated that the majority of lucerne producers
cultiveted less than 1.0 ha. However, 93% of the growers had

some farm animals; of thess 55% had sheep and/or goats and 56%

had dairy cattle. 68% of the farmers used all their own

lucerne for their domestic livestock, 20% sold some and used

some, and only 12.5% sold all of their crop. Of thoss who

did sell lucerne, 42% sold it to their neighbours, 44% sold

it in the market and the remaining 14% converted their lucerne .
into meal at the government sponsored drisr at Vatyli. Oried

meal was purchased by the Cyprus Co-operative Bank as a concentrate

feed additive.

Amongst those who sold lucerne at the markets, were a small
number of larger scale producers who converted their lucerne into

hay for a cash crop. Thess farmers, henceforth referred to as
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type 1 farmers, were typified by their mechanization of the lucerne
production process, including the use of sprinkler irrigation.
They génerally followed the recommended practice of the A.R.,I,1

in lucerne production and mowed their pasture when the tillers
exhibiteﬁ approximately one third bloom. This cutting regime
resulted in & summer growth cycle of 24-28 days pasture growth,
extending up to 40 days in late autumn, givingoan average of

nine harvest per year. The first of these was in April, collecting
the accumulated winter and spring growth, then eight irrigated

growth cycles followed; terminatihg in a prewinter harvest in

early November.

Lucerne hay making in hot climates is frequently accompanied
by loss of leaf due to 'leaf shatter’ on baling. In Cyprus,
type 1 farmers mowed in the early morning and baled before noon

to reduce their losses due to "leaf shatter’.

Sprinkler irrigations, at the rate of 700 m?/ha. wers applied
twice for each of these eight cycles resulting in a total annual

water usage of 11,200 m?/ha.

Type 1 farmers ploughed up and repléntad their perennial pastures
once every four years. A mature stand of lucerne pasturs under

this regime is shown in Fig. 3:1(a).

lThe Agricultural Research Institute farm at Athalassa; this produced
some 60 ha. of lucerne, some for its own livestock unit, and some as
a cash crop. )
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A common characteristic of leguminous plants is atmospheric
nitrogen fixation by bacteria in symbiotic association with the
roots. This property largely 6bviates the need for nitrogenous
enrichment of lucerne pastures.1 However, other forms of
fertilizer applications were necessary; type 1 farmers rsported
that they gave their pasturss a double dressing of potash and

triple phosphate.

The lucerne production practice adopted by the large number of
small scale producers (henceforth referred to as type 2 farmers)
was identified through the questionnaire returnsz, and general

observations whilst touring the island.

The lucerne growth cycle interval reported in the questionnaire
appeared to be fairly constant (mean 26 days in July-September),
comparing closely with the recommended rate. It was observed
that type 2 farmers generally staggered their harvests so that
their plots exhibited s range of maturity, enabling the farmer
to crop deily for the maintenance of his livestock. Cutting

was invariably by hand using a sickle or knife (Fig. 3:1(bl).

lLesham (pers. comm.) has found some evidence suggesting that under
certain conditions of cultivation, lucerne pastures in Israel do
respond to nitrogenous enrichment by increasing vegetative yisld.

ZSince only one ownership reported in the questionnaire was above
5 ha. it is assumed that the questionnaire was returnad exclusively
by type 2 farmars.
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These farmers also tended to replant their pastures once every
four to five years. However, on visits to individual farms,
pasture stands were found which were up to nine years old. |
These appeared patchy and individual,piants had woody root-
stocks and crowns. These pastures developed a richer fauna;
notably more woodlice (Isopoda) and ants (Hymenopteral. An

attempt to correlate the incidence of S. littoralis infestations

and age of pasture stand, using the questionnaire data, failed

to show any significant relationship.

The irrigation regime, as reported by the questionnairs returns,
showed an average interval between irrigations of 10 days. This
mean figure was associated with quite a high variance (st. dev.
5.7 days), which probably reflected the difficulties encountered
by farmers in gaining access to water at the most appropriate
times. This view is further supported by the positively skewed
nature of the distribution (Fig. 3:2). 1In . this situation the
modéﬂaétum value of 8 days betwsen irrigations lwas probably

the most reliable indicator of general irrigation practice

within the type 2 farmer group.

Irrigation by sprinklsr was adopted by only 14% of the type 2
lucerne growers who rsturned the questionnaire; Assuming that
this figure was representative, then somé explanation is required
es to why the remaining 86% of lucerne growers favoured the

flood irrigation method. Both economic and agronomic censidsrations

arg postulated for this. ' .
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Fig.3:2 The interval between summer irrigations as reported
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To date, there have been no recognized costings of flood and
sprinkler irrigation methods in Cyprus for the various sizes
of lucérn@ growing enterprises. However, preliminary estimates,
based on reasonable values for capital and labour cost inputs
of both éystems (Appendix 2:1), indicated that the advantages
of sprinkler irrigation wers manifested as a lower annual cost
of‘irrigation only when the total area to be irrigated exceeded
0.3 ha. (Fig. 3:3). A large proportion of Cypriot lucerne plot
ownerships were smaller than this, and consequently, in the
absence of any financial iﬁcentive for adopting sprinklers,
farmers favoured the retention of the simpler and cheaper flood

ifrigation method.

Agronomic considerations restricted the use of sprinklers to
sreas where good quality irrigation water was available. Brackish
water sprinkled onto crops resulted in a salty deposit forming
on the leaves which causes scorching of the plant in bright
sunshine. Poor quality (brackish) water irrigation demands
additional amounts of water in excess of éhe direct physiological
requirements of the plant to leach the soil of accumulated
salts. Since the economic advantaée of sprinklers rests on
their efficiency in mesting the plant’s water requirements,

they have no advantage under these circumstances. Poor quality
water was in widespread use in lucerne cultivation, particularly
in the Central Mesaoria villages of Athienou and Vatyli, which

were both important dairying centres.

lThe aresa of the lucerhe crop may not be the only consideration
Sprinkler irrigation is used for a large number of crops, hence
the investment decision will be based on the total area of
irrigable land controlled by the potential investor. Unfort-
unately no data was collected on the farmers total ownership
of irrigable land.
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Fig.3:3 Estimated cost of flood & sprinkler irrigation for
a range of sizes of lucerne fields.
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3.(2l(c} Growth and yield of lucerne in Cyprus

A number of 0.25 m? quadrat sahples of harvest maturity (1/3 bloom)
lucerne were taken from types 1 and 2 farmers' plots during the
months August to October. The mean yields in g/m? dry weight of
lucerne are given in Table 3:1. The difference in mean yield
between type 1 and type 2 farmers plots indicate a higher lsvel
of production by type 2 farmers. Howevser, the difference was

not statistically significant, neither were the differences in
yields of samples taken in differsnt months, thersefore the mean
yield for all plots was taken as representative for both types

of farming. However, we suspect that the failure to detect

yield differences may have been a result of insufficient sampling.
Consequently, a more systematic and comprehensive series of

trials is required to clarify this point.

The growth of the lucerne pasture was monitored by collecting a
series of sample harvests through the regrowth period, from
different areas in a type 2 pasturs during September and October
1873 (Appendix 3:2). On each of the collecting dates, four

0.25 m? samples were taken, then dried for forty-eight hours

in an oven at 7@@C, and the dry waights of each sample
determined. Fig. 3:4 is a plot of the data. The line drawn

. through these points was derived from the logistic growth

equation adjusted to fit these data (Equation 6:1).

Apart from the apparent conformity of the dats, there may be
some theoretical justification for accepting the population

growth equation as being appropriate for the growth of & single



TABLE 3:1

Lucerne field in g. Dry WQight/m? at harvest for

types 1 and 2 farming, August - October

61

Mean and Standard Error of the Mean

Plot Month lDr)é Wt. Village Type 1 Type 2 Total for
g/m Farming Farming both types
1 7 134.8 )
1 8  176.4 ;
1 9 105.6 )
1 10 133.6 %Athalassa
1* 9 160.0 )
1% 10 160.0 ;
1% 8 183.0 )
2 8 170.8 ;
& A2 R ) X = 163.3
2 10 156.9 )
)Dhali _
3 219.0 Sx = 6.12
3 163.9 )
3 10 174.9 ;
L 8 143.3 )
Y 9 147.0 g
L 10 133.4 ;Potamia
5 205.5 )
5 1T )
5 10 1591 )
)Ayios
6 0 174.0 )Andronicus

_ Each dry wt. figure is a mean of 4 x O.25m? quadrats

¥ Data courtesy Tucker and Hodson (C.0.P.R.)
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organism such as the lucerne plant. This a priori argument relies
on the assumption that the rate of production of photosynthetic
producﬁs is largely determined by the total photosynthetic area
(when there are no environmental factors limitingl). It is
observed.that during the vegetative regrowth stage the plant
proportions remain fairly stable (leaf and stem ratio of 1l:1).
If the growth of leaf and stem is constrained Py the availability
of the products of photosynthesis, the rate of vegetative
increase will be limited by the extent of previous photosynthetic
activity. This situation is analogous to animal population
growth as exemplified by bacteria or yeast cultures. It might
be further postulated that the inflexion point and subsequent
decline in growth rate are due to the mutual shading of leaves
and resultant reduction in photosynthetic efficiency with
increasing lesaf arsa. A similar description of plant growth

has been given by Fogg (1967).

Sigmoid growth curves for herbaceous plants have been observed
by other workers, notably Kreusler et al. (1887-1878). His
voluminous data on the growth of Zea mays in Germeny, have recently

been analysed and presented by Evans (1972).

Other studies on lucerne growth in Cyprus (C.0.P.R., 1874) did not
detect any early slow growth phase. This difference may be in bart
' dué to the difference in experimental method employed by these
workers and the present author (Appendix 3:2). However, it is

possible that the root reserves are particularly important at



Fig. 34 Yields of a series of sample harvests of lucerne taken at different periods
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this time, and are mobilized to give a rapid response to cropping
by releasing the early constraints on the availability of
photosynthetic products. If this is the case, then the inifial
regrowth lag might not occur. In view of the fundamental
importance of the form of lucerne regrowth on the evaluation

of crop and pest interaction (see Chapter 6), more studies in

.this area are needed.

3.(2)(d) Pasture stand vigour

Nearly all studies in lucerne management have indicated that
frequency of cropping or grazing is an important determinant of
lucerne production. Lucerne has e rhythmic eccumulation and
depletion of reserves. It has been shown with New Zealand
verieties (Keoghan, 1967) that root nitrogen and soluble
carbohydrate build up to high levels during vegetative growth.
This energy is normally converted into flower and seed. If.
the aﬁtogenic progression is disrupted by cr@pping, or severe
grazing before inflorescence, the energy reserves are directed
towards regrowth of tillers from crown buds on the rootstock,
or epicel and lateral buds on any remaining stubble. Over—
cropping depletes root reserves so that both immediate and
possibly chronic effects of decreased pasture vigour will occur,
depending on the intensity and duration of the overcropping

i regime, This is the basis for the recommendation that farmers
harvest at the start of inflorescence.

*

For a full appraisaltof pest damage it is importent to establish
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the possible chronic effects on the pasture of defoliation by

S. littoralis infestations. Due to the low incidence of

infestations in the years 1871-73 it was not possible to

observe this effect directly in commercial fields in Cyprus.

Plants growing in dry light soils have a higher proportion of
roots to tops, than those growing in wet dense soils (Willard,
1951). Consequently, in areas with a dry climate, or in dry
seasons, both irrigated and non-irrigated lucerne can be cut at
an sarlier stage of growth without demonstrating any immediate,
or chronic inimical effects on regrowth vigour (Keoghan, 1967).
Observations on stand vigour in infested pastures in other areas
are therefors unlikely to be useful because of the over-riding

importance of soil type and climate on lucerne pasture habit.

One method of exploring these effects in Cyprus, would be through
an elaborate artificial damage experiment where pastures were

defoliated in a manner which mimicked S. littoralis larval grazinge.

This was considered impracticable. Instead, preliminary trials

on cropping rates of lucerne were conducted using a five replicate
randomized block experiment. It was thought that these experiments
would indicate crudely, the tolerance of Cypriot lucerne pastures
to premature defoliation. However, it 1s-acknow1edged that ths
impact of sudden foliage removal may be somewhat different from

progressive armyworm damage.

The four cropping regimes were:

{1} Plots left uncropped for ths total period of 125 days
(2) Plots cropped at intervals corresponding to the recommended

rate (5 times in 125 days)
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(3) One extra cropping in the 125 day period (6 times in 125 days)

(4) Severe overcropping (11 times in 125 days)

Further experimental details and the_résults of these trials are
given in Appendix 3:3, the individual mean harvest yields are

given in Fig. 3:5.

In the moderately overcropped pasture (regime (3)), harvests
were all lower than those from the recommended cutting rate,
regime (2). There was also a decline in the mean yield of
harvests under the regime (3]} through the season. However,

this was no more than was observed for the pasture cropped

at the recommendsd rate, and it was considered consistent

with the onset of lower temperatures in early autumn, slowing
down the rate of plant growth. The severely overcropped pasture
{regime (4)) declined rapidly in regrowth vigour and demonstrated
the lowest total yield for the 125 day period. The highest mean
total yield was obtained from the recommended cfopping rate
regime (2); this was significently higher than &1l the other
three regimes (Appendix 3:3 table A3:3(3)). The plots which
were left uncropped throughout the 125 day period (regims (1)},
developed inflorescence and ssed setting occurred. Thess plots
did not demonstrate the vigorous tillering and vegetative growth

apparent in regimes (2) and (3).

When all the plots were harvested on the 125th day of the experiment
(8.11.73), they were left for a further 42 days, whersupon the

final harvest was teken. These harvest yields were recorded,



Fig.3:5 Yields of sample horvests1 of lucerne under four cropping regimes.
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then the lucerne was chemically analysed for its nutrient
composition (Appendix 3:4 tables A3:3(1) and A3:3(2)). In
the severely overcropped pasture (regime (4)), the crowns

had perished and no further regrowth -occurred.

Statistical analysis (Appendix 3:3 tables A3:3(3) and A3:3(4)),
indicated small, but significant, differences in regrowth
vigour, favouring the moderately overcropped pasture (regime
(2)) and the recommended cropping regime (2), over the plots
left uncropped (regime (1)). Furthermore a slight increase
in regrowth vigour was also detected between the moderately
overcropped regime and the one cropped at the recommended
rate (significance < 10% probebility). 1In addition, the
chemical analysis revealed that this trend in increased
regrowth vigour was also associated with a significant increase
in percentage dry matter. This higher dry matter content
eppeared to be distributed proportionately amongst the major\

plant constituents, since no significant differences could be

found amongst any one of these substances.

The irrigation regime imposed on all of these plots was
constant, but was more suited to ths recommended cropping rate.
Furthermore the plot sizes were smﬁll (1 m.zl and had an
associated risk or border effects (C.A.B., 1966). It would
therefore be injudicious to attach teo much significance to
these preliminary trials. However, thsy do indicate that,
whereas severe overcropping is extremely detrimental to crop
vigour (in the case of regime (4) causing death to the crown),

an extra cropping will not generally be associated with reduced

68



69

vigour. Instead there appears to be some adaptation by the rootstock
which results in a more vigorous vegetative response after

cropping. In additien, these trials indicate that any immediate
reductions in vigour, manifested as a slower regrowth in the

growth cycle immediately following a premasture harvest, are

probably negligible.

As stated above extrapolating the results of these trials to
defoliation by grazing larvae, is making the assumption that the
effects on the lucerne rootstock and resgenerative processes of

the pasture, caused by either a harvest cropping, or a defoliation
by larvae, are approximately equal. This is an oversimplification,
however, the notion is discussed at greater length in (6.(7)), where
it is tentatively concluded there that the effects may not be

widely different.

There is also some evidence that there may be beneficial effects
on the pasturs due to animel grezing. Inversen (1867}, commenting
on lucerne pasture growth in New Zealand states: "Severe grazing
to zero L,A.I,z, say for four days, results in spectacular recovery

growth with lucerne taking advantage of the soluble nitrates

llnversen is referring to livestock grazing, however, the principle
is the same for any animel grazing and defaecating on the same
pasture. Indeed there may be better distribution of nutrients from
larval defeaecation.

zLeaf Area Index: a quantitative ratio of leaf to ground erea.
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returned by the grazing animal".1 This effect has been observed

in graminaceous pastures after severe Spodoptera exempta armyworm

infestations (Brown and Mohamed, 1972).

In conclusion.it was assumed that two, or even three severe

infestations by S. littoralis larvee on an established lucerne

pasture,or & similar number of premature harve§ts during oﬁe season,
would produce negligible inimical effects on the short or the long
term viability of the pasturee Consequently, dsmage estimates

were ceonfined to considering the results of grazing injury within

one growth cycle.

3.(2)(e) The deterioration of lucerne feed value due to §. littoralis

lerval infestations

The general qualities of lucerns as a feed for liveétock aré
examined in comparison with other alternative fodders in 4.(3].
From the point of view of the relationship between pest injury and
economic damage, it is important to examine the devaluation of the
lucerne as a livestock foodlsource due to the influence of pést

attack.

S. littoralis larvae éttack pastures of all stages of maturity, but

only consume the leaves, buds and flowers. To msasure the relafive
nutrient loss due to this selective grazing, stem samples were taken
from undamaged pastures and the nutrient composition of the leaves,

buds and flowers determined ssparately from that of ths stems.

lIt is possible that New Zealand’s varieties of lucerne benefit more

. than the Cypriot type from grazing. This is due to the problems of
establishing adequate root nodulation in N.Z. lucernes, making their
response to exogenous supplies of soluble nitrates more marked.
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1 m? sample harvests of lucerne were taken at three stages of
regrdwth maturity, from pastures growing both early (July), and
late (November), in the armyworm season. The stems were stripped
of their leaves and any flowers, and ths dry weights of each
determined. The resulting yields and the nutrient composition

of each of these samples are given in Table 3:2.

Table 3:2 indicates that the leaf to stem weight ratio wes
approximately 1:1 from 12 qays growth in the summer and from 14
days growth in autumn. This ratio has been found by other workers
(€.0.P.R., 1974), although individual instances of ’stemmy' lucerne
have been noted (Green, pers. comm.). The total yields for each
sample harvest, when compared with the estimated growth form of
lucerne shown in Fig. 3:4, supported the observed trend of a rapid
growth phase at intermediste maturity, becoming slower as the
pesture eppreached harvest maturity. They also indicated that

the growth rate of the pasture declined through the season.
Comparison of the nutrient composition of leaves and stems from

a pasture at harvest maturity, showed that leaves had a higher
proportion of valuable nutrients than the stems, at the expense
of a lower crude fibre content. If it is accepted that the

normal leaf to stem weight ratio wes l:l then leaves contributed
twice as much protein and fat and significantly more minsrals
(meésured by ash}, on & weight for weight basis than did the
stems. Comparisons with the protein content of other fodders
{4.(3)), indicated that meture, but defoliated lucerne stems,

with an estimated digegkibility of 70%, were an average protein
source, inferior to maize on a weight for weight basis, but

superior to sorghum and pasture grasses.
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TABLE 3:2 VYields and nutrient composition

(as %age of total dry weight) of leaf and stem samples of Cypriot

lucerng, cut at (a) three stages of maturity and (b) in summer and autumn

Pasture maturity = Yield - Chemicsl Analysis of
insgig: %:::th we%g:Zi/m %Zé xg;/:t Total gry Protein Crude Crude Ash W.SNF.*
harvest Sample 209¢) Wto/m (N x 6.25) Fibre Fat extract
Sampled in July
1873
, . Leaf S5lg \ 44.77% 7.39%  5.34%
12 days >10g Stem  50g 101g 17.32% 22.47%  3.16%
Leat 76g 38.43% 8.23% 5.44%  12.24% 36.59%
19 days 522 Stem 73g 143g 16.03% ' 32.73% 2.60%  11.40% 35.79%
Leaf 9lg 34.81% 10.26% 5.86%  12.82% 35.64%
26 days 828g 9 192g :
(harvest maturity) Stem 101g 13.55% 37.34% 2.21%  9.99% 36.45%
Sampled in Novem=
ber 1873
Leaf 43g 49,02% 10.71% 4.24%  11.99% 24.52%
14 days 260g Stem  48g 90g 42.35% 16.84% 2.89%  14.95% 24.47%
| Leaf 78g | 49.37g 3.28% 5.52%  12.58% 22.49%
30 days 744g Stem  74g 152¢ 32.97% 21.77% 2.43%  17.69% 22.99%
| Leaf 98g | 35,32% 10.76% 5.13%  14.37% 33.95%
em Og ‘ . . . .70 .
45 days 825¢ Stem 90 188g 16.34% 34.59% 2.25%  11.70% 34.25%

{Harvest maturity)

*Water socluble, N. free extract is & measure of cerbohydrate

1

t
Chemical analysis of all samples courtesy of AR.I., Dept. of Chemistry




The total energy avqilable in & pasture is determined by the
amounts of digestible carbeohydrate and fats, and to a lesser -
extent prot@ins.; Although stem digéstipility (and probabiy
pelatability) would have been lower than that of the leaf, due
to the high crude fibre content of the former, it is probable
that the total energy value of the leaves and the stems were
%ot significantly different. This assertion isiﬁeéed on the
squal carbohydrate levels recorded for both the leaf and the
stem, which were sufficiently high to compensate for the
inbalance in fat content. Hence, the desirable nutritional
qualities of lucerne, which influenced its standing as the
preferred crop of small scale livestock producers in Cyprus,
resid@d in its contribution of concentrated protein in ths
leaves. Totally defoliated lucerne not only suppliesd just half

the yield, but also constituted a poorer quslity feed.

The cost to a férmer of lucerns defoliation on his‘plot was
determined largely by the type of livestock he kept, the avallable
alternastive protein sources and the extent of the damage. The
costs associated with loss of crop quality were thereforg best
estimated by markst proxy. Since the majority of the lucerns
produced did not reach fhe mafkets, damaged lucerne was rarely

" offered for sale and data on selling prices of lucerns in this
condition was not collected. This point is discussed further
in Chapter 8 whére provision is made for calculating the losses

associsted with reduced quality.

1From the hydrocarbon resi&ues after dsamination.
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Another possible source of adverse interference by the pest with
the quality of the host crop as a food source, was by livestock
"ingesting larvae along with the feed. The East African armyworm

(Spodoptera exempta), has caused lethal toxicity amongst cattle

grazing on heavily infested pasture (Brown and Mohamed, 1872;
Mohamed and Young, 1972). This is a pest of the range grasslands,
and these deaths occurred amongst unsupervised animals. It is
unlikely that Cypriot farmers would expose their cattle to heavily
infested pastures. However, a number of larvae must, from time
to time, be ingested along with freshly cropped lucerne, or be
taken in by grazing animals. In erder to investigate any
possible 111 effects from ingesting larvee, & Friesian cow

from the A.R.X. dairy unit was established on & lucerne dist,

and then some larvae were introduced with the feed.l The

animel did not demonstrate any acute toxlicity symptoms and

there appeared to be no significant effect on the milk yisld,
either during this feeding regime or immediately after it

(Appendix 3:4}.

3.(2)}(f) Costs and returns of lucerne cultivation

Since the production process used by types 1 and 2 farmers
differed in a number of respects, & costs and returns table

for each type of farming is presented.

IThis work was carried out in conjunction with J. Harris (formerly
of C.0.P.R.) with the co-operation of the A.R.I., Dept. of Animal
Nutrition. .
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(1) Returns

The gross return from lucerne cﬁltivati@n to elther type of farmer
was the velue of those livestock preoducts directly attributable

to lucerne feeding, or the price raised by the crop on the markst.
As lucerne was one of the many, albeit important, preoduction
factors in the livestock industry, it is more convenient to use
the market price of lucerne than to attempt to isolate the

specific contribution to livestock profits that the crop made.

There are, however, some problems in adopting this approach. It
has been stated that the major share of the harvested fodder did
not reach the market, but was consumed by domestic livestock on
the farms on which it is produced. In years of fodder shortages,
demand for the marketed surplus resulted in extremely high prices,
as farmers sought to maintain their stock with purchased fodders.
Similarly, when the price of other feeds rose, demand for lucerne
increased. This situation occurred in 1873 when the lack of rain-
fall caused the failure of the winter fisld crops. As a result,
grain based concentrates rose in price increasing demand for
lucerne and other partial substitutes of concentrates. In that

year, the marketed surplus of lucerne sold at over C£70/tonne.

It is clear that when prices wers high, they did reflect the
true'opportunity cost of feeding domestic livestock, since farmers
could have realised a high revenue by cash cropping. However,
these prices wers a result of temporary redﬁctions in the supply
of feedstuffs, and wers often exacerbeted by a natural reduction

in the marketed quota of lucerne in years of scarecity. Farmers
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who may have sold their animals and converted to cash cropping
may have been quickly facgd with reductions in lucerne prices.
Too great a fall may have caused them to regret their decisién
when faced with establishing new herds or flocks, or discontinuing
to grow lucerne. Therefore in practice, farmers tended not to
respond immediately to feed costs by reducing their livestock
;c@mmitment. They relied on the growing demand in Eyprus for
livestock products to accept some price increases when production
factor costs rose, and a constant supply of lucerne fodder.?rom
their own pastures to tide them over. The more usual price of
lucerne, as exsmplified by the 1972 price, was taken as the
standard for the purposes of estimating cests and returns in

this study.

No differences were found between the yields of type 1 and 2
farmers' plots and consequently the revenuess given in Table 3:3
were common to both groups.

——

(14} Costs

Those costs to be included in the assessment of crop returns,

depend on the choice that is being considered. For instance, all
costs need to be included when a farmer is considering establishing
himself in lucerne cultivation. Once he is established in the
enterprise he may be faced with the prospect of additiomal invest-
ment such as whather to aspply pest control at a given time to save
his crop. In this event, he will not be interested in the production
cosﬁa he has already incufrada but in those he has yet to commit

himself to. Since both these problems are posed in latsr chapters
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TABLE 3:3 Grdss revenue from fresh and conserved lucerne at

three levels of production

: Yield/yr.
CQEEZ:Sagion Low Mean High
tonne/ha, C&/ha, | tonne/ha, C&/ha. | tomne/ha. C&/ha
Fresh 68.9 380 80.3 . 448 94.0 526
Hay 17.8 382 21.3 468 24,7 544
Meal 12.3 . 394 14.7 470 17.1 547

all of the costs of lucerne cultivation wers estimated and presented

separately., This enabled certain items to be omitted where they

were not relevent to a decision.

The costs of the verious production factor inputs are itemized

for type 1 and type 2 farming processes in Appendix 3:5.

P

some discussion of the two major inputs: machinery costs and labour

However,

costs, is necessary to clarify the reasons for the values given in

Appendix 3:5.

Tﬁa total cost of using agriculturel mechinery include the capital

investment costs and interest on that capital, plus ths variable.

costs of running the machine. It is frequently the case that one

machine can be used for a number of crops (trectors, ploughs,

sprinklers etc.).

The costs attributaeble to using it will depend

on whether the initial decision to invest in the machinery took

into consideration its employment for a

particular job.

If the

investment had been entirely justified for other cropsthen the farmer
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néed only assign variable costs to its employment in the proposed
task. It will be assumed that type 1 and 2 farmers have anticipated
the use of their machinery for lucerne production and that a fixed
cost compqnent was included in the original investment appraisal.

In normal circumstances, the capital investment.costs of machinery
are charged as an annual depreciation cost set by the estimatéd
useful life of the plant or the agrsed payback period of any loan

capital used in its purchase. In agriculture, much of the machinery,
such as tractors, mowers and balers, have a useful life which is
largely dependent on the frequency with which they ere used. Hence,
the depreciation costs can be added as a variable cost component.
The only remaining fixed cost component is the interest on operating
capital. This will remain constant (assuming stable prices) for a
given level of capital 1nvestmsntlhowever frequently tractors,
balers etc. are replaced. To arrive at a cost rate for using
machinery, some assumptions on hours use per year for each machine
are made; these are stated in Appendix 3:5.

A confusion arises when the allocation of permanent labour is
costed. The time type 2 farmers in particular, spend oﬁ lucerne
cultivation is considerable, and the imputed labour rate which 1is
aésigned to this work is likely te have a marked effect on overall
profitability. F&r this reason a word of justification is requi:ed

for the inclusion of the ratég specified in Appendix 3:S.

The ultimate objective of economic activity is usually considered
to be consumption and leisure. A distinction therefore needs to be
drawn between voluntary and involuntary idleness. If an idle worker

has opportunities for employment he is implicitly valuing his leisure
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at the current employment rate. He may value it higher than this
and enjoy a consumer surplus, however he values it at least at
this rate, which represen£s the opportunity cost of his time; An
idle farm owner is valuing his leisure at the marginal product of
labour (M.P.L.) on his farms; that is the income that would accru;
through‘profits if he were self-employed for that period. If
;thera is free mobility of labour in the agricultural sector, farm
owners have an opportunity to hire their labour to othersband

therefore the M.P.L. will ideally equal the wage rate.

In conditions where there are no employment opportunities, one or
both of two situations occurs, either involuntery unemployment or
underemployment. A farm owner frequently employs his family_on‘
the farm but due to their position as dependents they are retained
when their M.P.L. falls below the value of their consumption.

They will therefore produce a'situation of underemployment.

This arises only when no alternative employment opportunities

are 0?¥efed, since in more favourable economic conditions, a
farmer could increase the profitability of the enterprise by
hiring out his dependents®’ surplus labour, and thus increasing

" both his income, and the M.P.L. of those left on the farm.

In Cyprus registered unemployment was extremely low, ranging
-from 1.31% of the economically active population in 1966 to
0.90% in 1970.  There was a slight ssasonality of unemployment,
1.15% in March 1971 and 0.88% in Juns, probably reflscting the

demand from the agricultural sector for increased labour for

summer harvests.
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Underemployment in the Cypriot agricultural sector is unlikely
to be prevalent for two main reasons. Firstly there is a larges
and growing °'modern’ sector to the economy which would rapidly
absorb the underemployed surplus. In fact, the agricultural
sactor has only declined from employing 38.5% of the economically
active population in 1966 to 35.2% in 1871. This small

reduction is consistent with technical, labour saving improvements
over the five year period, and does not indicate large scale
underemployment. Secondly the increases in real rates of pay

in the various sectors of the Cyprus economy show a higher

rate than average in the agricultural sector. Two 'modern’
sector industries with lower rates include the manufacturing and

service industries. This indicates a continuing high labour

demand in agriculture.

There is therefore, a case for *shadow’ pricing labour used in
lucerne cultivation. It would appear further that in this
situaglbn of high employment the rate should be set at the going
rate of agricultural labouring which was C£.200/hr. However, the
quality of permanent labour may vary. For instance, there will

" be a difference in utility’to the farmer betwsen labour available.
on a daily basis, and his own wife or son fitting in farm chores
between housework or school. The latter types of labour are
available for only limited times of the day and probably possess
only the small skills necessary for the more menial tasks. Although
their contributions to the farm are useful, it is doubtful whether
the opportunity cost of their labour is as high as C£.200/hr, in fact

it may well be zero. Conversely, it is argued that if this work was
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not done by this form of labour it would be done by labour with the

standard C£.200/hr. value.

In the evaluation of input-output figures for lucerne cultivation
the rate of C£0.200/hr was charged to those jobs requiring a -
modicum of skill or simple jobs requiring a fixed and regular
time commitment. Such jobs include those using equipment or
those involving the application of treatments such as seeding,
irrigation or pest control. For jobs which were simple, divisible
and did not have critical time limits on their completion, imputed
labour rates were used in order to examine the sensitivity of
overall profitability to this factor. In lucerne cultivation

the only job in this category was harvesting by type 2 farmers.
Farmers frequently arranged a gradation of maturity in their

plots by an initial differsential cutting regime. This. enabled
them to harvest mature lucerne on a daily basis to feed green

to their domestic livestock. The amounts involved each day were
smallfwone or two bundles, and it was invariably the responsibility
of the wife or son to collect them. Harvesting costs incurred by
type 2 farmers were therefore estimated using & range o# imputed
permanent labour. Harvesting and conservation costs were assumed
to be directly proportional to yield and consequently varied with

productivity (Appendix 3:5).

(i11) Costs and returns table

By combining the cost estimates in Appendix 3:5, and the yield
estimates in Table 3:3, a table of costs and returns for both types

of farming has been drawn up (table 3:4).
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TABLE 3:4 Costs and returns of lucerne production by types

1 and 2 methods

Yields from 1 Hectare of Pasture

Type 1 Farmers - Hay

Type 2 Farmers - Fresh

Low Mean High Low Mean High
Tonne/yr. 17.8 21.3 24,7 68.9 60.3 94,0
L&/tonne 22 22 22 5.6 5.6 5.6
[
GROSS REVENUE 392 468 544 366 449 526
VARIABLE COSTS
(1) Land .
preparation 10.083 10.083 10.083 9.6821 9.821 9.821
(2} Fertilizers 89.200 8S.200 89.200 88.500 88.600 88.600
(3) Irrigationl 53.000 53.000 53.000 73.830 73.830 73.830
(4) Harvesting 5.005 6.156 6.876 (included in permanent
labour)
(5) Conservation 12.417 14.472 16.163 {not conserved)

TOTAL VARIABLE

COSTS (V.C.) 169.705 172.911 175.322 172.251 172.2%1 172.251
GROSS PROFIT 322 295 369 214 277 454
FIXED COSTS
(1) Pasrmanent (a)
labour 10.149 11.675 12.938 50.980 58.250 64.568
(b)
27.416 31.250 34.409
{c})
4,250 4,250 4,250
(2J'Rent 22.400 22.400 22.400 20,000 20.000 20.000
TOTAL FIXED . - -
COSTS (F.C.) 32.549 34.075 35.339
Vece + FQCQ 202:254 208986 2100661 - - bl
NET PROFIT . (a}
in C&/ha. yr. 180 261 333 143 198 269
{b)
166 225 299
(c)
189 . 252 329

1
Irrigation costs also include a fixed cost component
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This table indicated that, although the variable cost items for

the two types of fafming were approximately equal, giving & similar
gross profit, the net profit of the type 2 farming system was

very sensitive to the shadow price of wages used for pasrmanent
labour. The table also indicated that the average profitability

of lucerne was in the order of C£200-250/ha/hr; the lucerne crop
therefore compared favourably with other irrigeted vegetable

crops in Cyprus (Papachristodoulou, 1970).

3.(3) The potato crop: its cultivation in Cyprus

Although one in every.four Cypriot farmers grew potatoes, a
concentration of more than half the total production was found in
the S.E. corner of the island (Savvides, 1965). Potato growing

was characteristically a small scale enterprise, 84% of the farmers
grew less than 0.6 hectares. These small plots represented 45% of
the total production (Sawvidés! 1965). 1In the spring, the varieties
Arranﬂganner (76% of total) and Up-to-Date (20%) were grown from
virus-free seed imported from Scotland; the second cropping in the
autumn used spring crop potatoes as ssed. The spring crop was
planted in January and harvested in June and the late crop was
pianted in August and harvested in November. Consequently, it

was only the late crop that was susceptible to S. littoralis

infestations.

Since 1960 there has been & rapid rise in potato production for
the export market. However, this riss was entirely confined to

the spring crop, the majority of which was exported to the U.K.
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early potato ﬁarkets. The per capita consumption of home grown
potatoes had remained fairly constant resulting in a domestic
consumption of around 20,000 tonnes per year. Half of this was
supplied by each crop. The mean monthly prices of home grown
potatoes in Nicosia ranged from C£0.035/kg. just after harvesting,
to C£0.063/kg. just prior to harvest. This wa§ a small fluctuation
in price when compared to another high per capita consumption
vegetable such as tomatoes (Fig. 3:6). This was probably due in
part, to the easy storage properties of potatoes, which enabled
farmers to release and store them in response to price

fluctuations.

The growers' guestionnaire (Appendix 3:1 revealed that the msan
planting date of late potatoes was the 10th of August (sé. dev.

of 12 days) and the mean harvesting date was the 28th of November
{st. dev. 13 days), giving an average growth interval of 108 days.
Since theres were only small incentives for an sarly harvest of
the 152; crop, the variation around the hervesting date was
neither very ma?ked nor skewed. Approximately 90 of thg 108

deys growth interval were associated with asrial parts of the

potato, vulnerable to S. littoralis attack. ODuring the growing

season late potatoss wére irrigated approximately once per week
(mean of 7.7 days, st. dev. 3 days) by either flooding or sprinkler
methods.

3.(4) Tomatoes

In 1960, 9,000 tonnes of tomatoss were harvested in Cyprus. Since
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Costs and returns of 1 hectare of spring and autumn

potatoes (1970)

Yield
Spring Autumn-
Low Mean High Low Mean High

Yield in tonnes/
ha 15.00 26.25 37.50 11.25 18.75 26.25
Price Cg£/tonne 25,000 25.000 25.000f 20.000 20.000 20.000
GROSS REVENUE 375.000 626.250 937.500f 225.000 375.000 525.000
VARIABLE COSTS
(i)  Seed 70.312 117.180 16L.0627 33.750 56.250 T78.750
(ii1) Fertilizer] 23.925 26.025 28.125] 23.925 26.025 28.125
(iii) Irrigation] 80.000 80.000 80,0001 140.000 1k0.000 140.000
(iv) Power and

Irrigation| 36.397 36.397 36.397f 32.392 32.392 32.392
(v) Seascnal )

Labour 22,500 45.000 67.500] 18.000 31.500 45.000
(vi) Misc. 22.500 22,500 22.500f 15.000 15.000 15.000
TOTAL V.C. 255.634% 327.102 398.584} 263.067 301.16T7 339.267
GROSS PROFIT 119.366 329.148 538.916] -38.067 73.833 185.733
FIXED COSTS
(i) Permanent _

Labour 61.650 61.650. 61.650{ Thk.812 Tu.812 Th.812
(ii) Rent 22,500 22.500 22.500f 22.500 22.500 22,500
TOTAL F.C. 84.150 84.150 84,150} 97.312 97.312 97.312
Vv.C. + F.C. 339.784 b11.252 L82.734} 360.379 398.479 L36.579
NET PROFIT 35.216 244,998 Ls5kh,.T766]-135.379 =-23.4T9 88.421

Data

- modified from Papachristodoulou (1970)




Fig.3:6 Mean quantitys price of potatoes & tomatoes delivered to the main municipal markets
in Cyprus from 1966-70.
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that date tomato cultivation has increased, and in 1969 22,000 tonnes
were harvested., Of these only 33 tonnes were exported indicating a
marked rise in domestic consumbtion. Price fluctustions were large
and seasonal, offering strong incentives for early harvests. During

the months of S. littoralis larval infestations on tomatoes (August-

October), tomato prices were at their lowest and control measures

were not usually justified.

3.(5) Other crops

The incidence and severity of S. littoralis attack on beans,
artichokses or other irrigated crops in the seascns coverad by the
project appeared to be extremsly low. While it is possible that
some of these crops may sustaln economic demage in "bad armyworm
years’, no dats on damage were collected by the author. They are

therefore excluded from further consideration.
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SUMMARY - CHAPTER 3

The production, marketing and consumption of lucerne in Cyprus is
described for two types of lucerns farmer: those cultivating
lucerne extensively as a cash crop (type 1), end those cultivating
lucerne on a small scale, usually as a zero grazing crop for their

domestic livestock (type 2).

The growth form and yield of lucerne is estimated and an assessment
made of the effect of differential cropping regimes on yield. The
results of a chemical nutrient analysis of the leaves and stems of
lucerne tillers ars given. These indicate that the leaves (that

part consumed by armyworm larvae) were twice as rich in protein on
a weight for weight basis as the stems, however, the overall energy

value of stems and leaves did not differ significantly.

A costs and returns table for types 1 and 2 lucerne farmers is
presented, and it is concluded that the profitability to both types
of grower at average production Eompares favourably with the returns

from ether irrigated vegetable crops.

A final section describes the productioﬁ, marketing and returns
from spring and autumn potatoss and indicataes ths low profitebility

of the autumn crop.
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CHAPTER 4

A 'commercial screening' of the Cyprus late potato and lucerne crops,

and an examination of their possible economic competitors

4,(1) Introduction

It is suggested in Chapter 1 that it may pe prudent to examine the
commercial security of a crop to which pest control research resources
are to be allocated. ‘Such preliminary snalysis is justified, since

& major proportion of the research effort in most pest problems

yields highly specific information about one particular pest/crop
system, and investors look for an increase in crop yields (or a

lower crop product cost function) to recover their costs. If the

crop is becoming increasingly unsttractive to growersul it 1is
pertinaent to ask what will the long run proeduction level be, and

will there be an emergence of substitute or alternative crops?

Thq static theory of supply suggests that crop products will be
produced at the desired quantities by the chespest methods (with a
given state of technology). Any random departures from this position
will result in price changes which exert pressure to restore supply to

this ’'equilibrium level’. Consequently, the normal situation in

1It is of course possible that a pest problem is the major factor

affecting the farmer'’s decision to discontinue cultivation. In this
case, a pest control innovation may cause a crop to be reinstated.
Examples of pests having this degree of impact ars coffee rust
(Hemileia vastatrix) which prevented the continuation of coffee
growing in Ceylon in the 1870°s




91

agriculture, for a given crop, is an annual oscillation in supply
(modified by weather, pests etc.) resulting in alternate years of

small surplus and shortage.

However, the equilibrium supply position frequently chenges. This
may result from a move downwards in the crop product cost function,
due to a successful innovation, or by a change in demand. Changes
in demand may be a result of an increase or decrease in per capita
real incomes, or income distribution. Demand also responds to
prevailing taste or fashion and to the introduction of substitute
or complementary goods. The speed with which the economic system
adjusts to changes in the equilibrium supply position will depend
on a number of factors. Included in these are the size of the
change, the state of knowledge concerniﬁg the shift, and the supply

.lagal

A gensral characteristic of agriculture in less developed countries

is thé—p@or state of farm book-kesping. Farm accounts should

contain & number of imputed items, such as permansnt labbur, land

rent or water use; in practics farmers rarsly include them. Further-
more, crop products are frequently exchanged or consumed at home and
therefore farmers may very often have a poor idea of the profitability
of & particular crop. A combination of these factors causes the
system to respond sluggishly and imperfectly to shifts in the

equilibrium supply position.

In this situation, it 15 to be expected that an instantansous picturs

of the economy would reveal that supernormal profits were being made

1lefined as "the gap bstwsen a change in the desire to produce goods

and a change in their actual production” Lipsey (1967).
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by pioneer farmers exploiting new techniques, or responding to a
positive change in demand, and similarly, a large number of farmers
were continuing to cultivate soﬁe crops that were in a situation of
falling demand, and thus realizing below normal profits. Such
market fallure may result in legislation for or againét a particular
crop. It would therefore be resasonable to strutinize pest host crops
before beginning any control work, and furthermore, the agricultural
planner may well look within the existing crop range for emergent

alternative crops.

4.(2) The late potato crop in Cyprus

Chepter 3 gives a summary of the cultivatidn methods, export end

home consumption of the Cyprus potato crops. In section 3.(3]) of

that chapter, a cost and returns table is given for sach crop at

1870 pricss (Table 3:5].

TabI@"5;5 indicates that whereas spring potatoes demonstrated a

good return (for average yielding plots: C£245/hal, autumn potatoes
wers unprofitable at average production (-C£23/hal). Yisld trials in
experimental plots in Cyprus, indicated that the yields given for

the cemmércial autumn crop plots in Table 3:5 wsfe rather lower than
might actually be the case (Green, pers. comm.), but there is no doubt
that autumn potatoes were not a profitable crop in Cyprus. Even when
the highest published yield figures were compared with average yields
. of other vegetables, the returns of this crop in C&/unit area, C£/labour

hour, and Ci/m% of irrigation water are much lower than other common

vegetable crops (Table 4:1).



83

return per donuml, per m.3 of irrigation water and per lsbour hour

Vegetable Crop : Return/Donum Return/ o Water Return/Labour Hour
CE | Order of c& | Order of Ct | Order of
| Proritebility | Profitability .. | Profitebility
lF q i
"Potatoes | E i I
Spring 32.69 13 0.097 ! 5 0.b96 | 6
Autumn 12.40 ' 20 0.016 | 20 0.121 | 22
romtoe e 000 | = 0B | =
omatoes =5. . . '
Cucumbers 2L.87 o 16 0.038 ' 17 0.273 15
Squashes 36.56 ! 12 0.050 | 12 0.328 1k
Water Melons 32,21 ! 1k 0.0kl ! 15 0.L58 | 9
Melons 53,4 : 9 0 .062 : 10 o.716 | 1
ggppers 57.90 ‘ 0.05 \ 1. 0.382 ' 10
gg Plants 5k .90 i 8 0.050 ‘ 13 ) 0.342 | 12
O e i A S T
Cauliflowers 59.79 ! 5 | 0.120 : L © 0.506 | 5
AR - B T o |8
aricot Beans . . . .
Broad Besns ) Green 3.9, 21 0.015 ! 21 0.153 1 20
Peas ) 2k .19 ) 17 0.0TY | 8 0.266 | 16
Artichokes. 55.59 T 0.097 6 0.469 : 8
Asparagus 43,62 i 11 0.0L46 | 1k 0.337 1 13
Kolocassi 158.03 ; 1 0,073 | 9 . 0.L486 | 7
Onions ] 125,91 | 2 : 0.183 { 1 - 0,705 | 2
Strawberries 30.60 ' 15 : 0.033 ’;_ 18 - 0177 : 19
H

Modifed from data in: Papachristodoulou (1970)

1 donum = 0,13% hectares
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It seems valid to ask why autumn crop potatoes were still being
grown in 1973 after.their unprofitability has been clearly
demonstfated? A possible explanation might be that lsts potatoes
were mainly grown on the same land as spring crop potatoes. This
was the S;E. tip of the island which had suitable soils and an
irrigation water supply. Farmers in these areas were therefors
equipped to grow potatoes, and had & great deal of experience in
cultivating, harvesting and marketing their crop. Furthermore,
there appeared to be a positive net return in cultivating under
these circumstances. It is.not likely that all ths‘land

given over to late potatoes could have been utilized by extending
any of the currently gfown vegetable crops, although a decreass
in late potatoss would certainly have been associated with an.
ircrease in some of these. A more reslistic question to pose is
therefore: did the growing of late potatoes by spring potato
farmers add more to their revenue than their costs? This question
assumes @ commitment to spring potatoc growing and introduces the
possibility of fermers being able to ignore some of the costs in
Table 3:5. If it is further assumed that for most farmers.the
alternative to late potatoes would involve at least some fields
being left fallow in the autumn, then items such as own labour
and rent cease to have an opportunity cost.l Thus, by extracting
the fixed cost components (rent and psrmanent labour), the ’profit-
ability' of the late crop, at average production is increased to
C£73.83/ha./yr., providing & positive incentive to these spring
crop farmers to continue late potato production. It is emphasized

that this incentive for late potato growing only exists for farmers

growing an early crop of some sort, which has a sufficient return to

1Assuming farmers would not seek employment off their ferms during
this time. '
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offset.some, or all of the annual fixed costs of resources common

to it and the late potato crop. This precondition largely precludes
the possibility of the emérgence of an extensive late potato growing
area in any other locality on the island (given the present cost

end returns structurel.

;However, there is an argument for restricting 1ate.p@tat® cultivation
which may justify government intervention. This is the uneconomic
use of irrigation water by the crop. Both the spring and the late
crop relied on the irrigation water supplied from the aquifers in
the S.E. tip of the island (Fig. 2:1, section 2.(3)(a)). For a
numbsr of years groundwater extraction from this aquifer has
exceeded supply. Government attempts to slow down the exploiﬁation
rate by restricting the number of bore-holes has done little to
prevent the continuing deterioration of the groundwater sources.
Spriné crop potatoes gave five times the return/m? of this water
compared to late crop potatees. In addition, the bulk of the
spring crop was exported generating valuable foreign exchange
(section 2.(2)). Since there appeared to be no economically
vieble alternative to locally pumped water for irrigation purposes
(2.(3))e)]) the gévernment would have naturally preferred to see
this limited water supply in the S.E. potato arsas rationally
exploited to produce more future harvest of spring crop potatoes,
at the expense of a large part of the present sutumn crop. Although
the farmers were aware of the irrigation water situation, they
could not collectively restrict their use of water. Consequently.

. sach farmer maximized his own usage by grqying a spring crop and

an autumn crope
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Any campaign to encourage farmers to abandon late potatoes and use
some of the released land to grow the more profitable autumn
vegetable crops illustrated in Table 4:1, or legislation to
conserve the aquifer for the spring crop, would have to be based
on some assumptions about the elasticity of demand for potatoes
and any of the possible substitute crops. Unfortunately figures
for these elasticities were not avallable, and a meaningful
estimate of them was outside the scope of this study. However,

& brief examination of the characteristics of the crop and some
recent economic trends on the islend, indicates the possible

future demand and market responses to change.

Potatoes are a nutritious and palastable staple food, which provided
the main carbohydrate source in most Cyﬁriot households. It is to
be expected thaﬁ the demand for potatoes was affected by the
availability of other carbohydrate foods such as sweet potato,
kolocassi, aubergines, bread, rice, and to a lesser extent, by
athermvagetables such as squashes, beans, onions and peppers.

The lower the price of the substitude foods in relation to the
price of potatoes, the greater would be any substitution effect

on demend. At present, any attempt to increese the profitability
of the crop by raising the price would most probably demonstrate

a highly inelastic demend situation as consumers substitute their

diet with other carbohydrates.

Potatees ars usually considered to be inferior g@odso‘ An increass

in real incomes on the island might therefore bs associated with a
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fall in demand for potat@es,l In fact there has been & rise of over
5%/yr. in real incomes in Cyprus since 1967 (and prior to July 1974).
This had been associated with & 30% rise in the domestic production
of sheep,.goats and pigs (table ﬂ:Zl and also an increase in imported
foed, including meat, by 60% over this peried. . Curiously, this
substantial rise in consumption of quality food products had not

been associated with a marked reduction in potato consumption, which
héd remained around 20,000 tonnes/yr. It is possible'that the
substantial increase in the tourist traffic had masked some real

changes in patterns of domestic food consumption.

Since the infrastructure for the production of the much larger
spring crop of potatoes was establishad, any response of increase
in quantity demanded could not be exploited by economiss of
scale. Lowering the price of late crop potatoes would therefore

erode profit margins still further.

Any gSQernment intervention in the matter of a rational exploitation
of the aquifer, would require complex decisions embracing social,
political, as well as technological economic considerations. In

the short term, late potatoes will probably be encouraged as a
temporary expedient in the refugee problem. Howsver, in the long
run some government intervention is anticipated to safeguard water
supplies for Cyprus’ second largest export: the spring crop. Iﬁ

anticipation of further study, and possible legislative action

1Real incomes in Cyprus prior to July 1974, were quite high and the

upward sloping demand curve for inferior goods as apparently
observed by Giffen in the Irish potato market during the nineteenth
century, is not likely to occur.
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concerning the late crop, we argue that the expenditure of pest
control research resources in order to collect specific information

on the protection of this crop is not at present JustifiedJl

4.(3) The lucerne crop and alternative fodders

;It is generally true that dairy or meat products derived from
different, but suitable, livestock foodstuffs, are indistinguishable
to the consumer. The demend for th@sg products will therefore be
unaffected by the production process. Feeds are livestock production'
factors and are largely substituted for one another in respense to
price changes, or in the case of home grown fodders and forages.
changes in production costs. In determining the ‘commercial
security’ of lucerne in its present role as & fodder and forage
crop in the Cypriot livestock industry, it is necessary to attempt
to predict the impact of any trends in that industry on the
importance of lucerne growing. It is also necessary to examine
the paésibility of an alternative role for the érop, such as
industrial seed production, however, it is important to note that
sugh a change may result in a modified cultivation practice which

in turn may change the complexion of the pest problem (Fig. 1sl).

In Cyprus, the livestock industry has grown in response to an

increase in domestic demend (table 4:2)., However, in spite of
: N

this rise in production, imports of meat have alsc risen (see

above: 4.(2)).

leearing in mind that S. littoralis do not occur at the tims when

the spring crop is growing (1.(1)).




99

TABLE 4:2 Livestock production in Cyprus (1967-1971)

, r T
Products Unit 1967 | 1968 i 1969 1970 1871

Milk (sheep, goat and | : ! ;
dairy cattle) tons 50,000 :55,@0@: 80,0@@:84,0@®:74,600
Eggs 1,000 doz | 8,000 9,@@@: 9,0002 9,500, 8,600
Wool tons 500, 560! seo| BSSE 738
Pork tons 7,500 E 8,0@@; 11,@@@512,0@0:12,510
Poultry meat tons 5,500 E 6,750, 8,000 9,2@05 9,850
Sheep and goat meat tons 5,450 | 6,050 é s,zsni Z,BSUE 8,650
Beef and veal tons 2,700 ; 2,800 E 2,900 3,0005 3,200

' H !

data: Min. of Finance (1971)

Fundamentally, thers are two sectors to the livestock industry in
Cyprus, a predominant small ruminant (sheep and goats) sector, which
is mainly under the control of peasané farmers and non-land owning
shepherds, and & growing intensive livestock unit concentrating on
the pEEduction of pork, poultry,and increasingly, milk and milk

products from foreign cattle breeds (notably the Friesian).

Traditionally, small ruminants have bsen rsared on natural vaegstation
(rough grazing) from the early winter to the end of April, green
vicos, lucerne, and other legumes (notably favetta) during April

and May, and field crops stubble from May toc September, with hand
feaeding of barley, legumes (including lucerne), seeds and straw
during the late summer until sarly winter (Obradovic, 1865). Howsver,
the move'towards intensive livestock production has increased the
need for & secure nutritional base to the industry (Abu-Sharr, 1965),

and in particular the replacement of fallow grazing by forage. This
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has been recognized, and there has been a call for the "introduction
of new industrial forage crops resistant te weeds and insect pests,
as weli as the hot and dry, and sometimes cold and wet Cypriot
weather” (Obradovic, 1965). It might be added that breeds such

as the Friesian are high yielding animals and require commensurate
feedings; the problem is not merely maintaining supplies of currently

available feedstuffs, but increasing their quality.

In Cyprus, concentrate feed; are prepared on the island under the

. Government Co-operative Bank schems from home grown produce .such

as barley grain and carobs. However, there is & limited supply

of these concentrates and in years when the winter raiﬁs fail (as
in 1973) prices rise, causing the price of lucerne and other partial
substitutes to rise also, Apart from the risk of failure of supply,
thers are two further undesirable aspects of basing the future
livestock industry on home grown concentrates, these are firstly,
that the concentrates produced in Cyprus are high energy foods,

but are deficient in proteins, consequently, high value protein
based feedstuffs are imported to balance the concentrate rations,
secondly, the home produced concentrate constituents ha&e a
considerable export earning potential. For instance, since 18966
carcbs have been Cyprus' fifth agricultural export, generating an
annual averags of C£1,033,000 of foreign exchange. Similarly,
Cyprus has exported an average of C£134,000 worth of barley graiﬁ
each year since 1966 (Min. of Finance, 1972). A well-managed
irrigated fodder/forage crop industry which met the requirements

of the Cypriot livestockbwould increase the efficiency and stability

of livestock industry and, in a number of ways, would help to
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alleviate the island’s balance of payments problem (2.(2)}. It
would also be consiétent with trends in other developing countries

(Mather, 1963).

The major barrier to the development of such a fodder/forage bases
has been the high opportunity cost of irrigeble land (Obradovic,

. 1965). To date, vegetable cash crops have appearsd more attractive
to farmers than forage/fodder production. However, in 3.(2)(f) it
is shown that the return frem lucerne (in 1972, a 'normal' year) was
competitive with many of the commonly grown cash crops, and farmers
may well adopt irrigeted fodder/forage production more readily

in the future.

Having established that an irrigated fodder/forage base to the
livestock industry 1is desirable, and may be economically viable, it
is necessary to consider whether lucerne production will develop
further to occupy this role, or dwindle as farmers adopt alternative

Crops.

It is not the intention of this section to review the entire range
of peséible fodder/forage crops and their potential role as the
Sésis of the Cypriot livestock industry, since the Ministry of
Agriculture and Natural Resources have a considerable research
effort in this direction. However, some discussion is offered

on the parformance of lucerne comparedto other irrigated fodder/
forege crops. This discussion is centred on‘the crop yields, and
ultimately the livestock yislds, derived from a unit of irrigation

water. This single factor analysis may be justified as a preliminary



102

screening of comparative crop productivity, in a situation such as
Cyprus, where irrigation water is so scarce and in demand.1 However,
it is emphasized that a full comparative analysis would include

the different requirements of the crops and their efficiency of
utilization of other input factors such as labour, capital and

such items as fertilizer and plant protection chemicals.

Preliminary trials with other irrigated fodders in 1872 indicated
that maize (Zea mays), sorghum and sorghum derived hybrids were
competitive on an annual yield per unit area basis with lucerne,
although they only occupied the ground for half the ysar

(table 4:3). Unfortunatsly, the irrigation regime on these plots’
was generous and did not provide informstion on their performance
under conditions of water stress. However, earlier work {Abu-Shar,
1965) showed that sorghum, sudan grass and maize produced more than

lucerne at certain times of the ysar.

A similar situation of hot climate and limited irrigstion resources
is experienced by Israel's dairy industry. Considerably more work
has been done in this country than in Cyprus, towards establishing

a low water budget livestock industry. Although it would be unwise
to extrapolate directly from Israel to the Cypriot situation, the
similarity of physical conditions indicates that Cyprus might benefit

from a closer scrutiny of Israel's experience in this fisld.

Table 4:4 is a summary of yields and irrigation requirements of
some of the main fodder crops grown in Israsl in.1969, It is

important to notice from this table the similarity of yield and

lThe value of good quality irrigable land may be five times as high as

fertile but dry land (Papachristodoulou, 1870).
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HYBRID MAIZE (Spaced)
(Neveh Yaar 170)

HYBRID SORGHUM
(6078)

VIDAN (697)
(Sorghum x Sudan grass)

SWEET SIOUX
(Sorghum x Suden grass)

SUDAN GRASS
(Piper)

LUCERNE

Cropping Mean Totals Total Water No., of Days growth
date yield tonne/ha. dry wtse utilization croppings per year
tonne/ha, tonne/ha, ™ </ha.
13.7 66,51
21,9 56.35 122.86 19,58 10,680 2 150
1807 65036 ' ’
21.9 55.05 120.k1 26.27 10,680 2 150
16.6 22.93
13.7 20,32
'23.8 22.h4 .
14,10 8.37 TL.06 11.75 16,000 b 180
17.6 29.56
13.7 23.34
29.8 30.Th
1k.10 8.85 92,50 17.95 16,000 b 180
26.6 24,11
9.8 26.07
. 27.9 k.34 64,5k 16,48 13,350 3 160
T2.27 19.17 11,200 9 360

Sowing date:27.4

Sbwing dates: meize: 27.4, 20.7

All data except lucerne yields, from Mr, A. Hadjichristodoulou, A.R.I. Cyprus
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irrigation requirements between lucerne pastures in Israel and in
Cyprus. This is sohe indication that the agronomic conditions in
the two couﬁtries are similar. The crops giving the highest return
per unit of irrigation water were: Maiie, Rhodes grass (Chloris

gayana) and fodder beets (Beta vulgaris]. The yield of dense meize

under this restricted irrigation regime showed the highest return
eper unit of irrigation water. The crop giving the lowest return
per unit area per day, and also the lowest return on irrigation
water was lucerne. No information was available on the fodder
sorghum varieties although it was stated (Lesham, pers. comm.)
that these were probably higher yielding than maize in droughty

conditioms.

TABLE 4:4 Yield and water requirements of some Israell fodder crops

Dry Wt Water Dry Wt Yiei;l
Crop Yield Usage Dagi Gggzth per m
Tonne/ha.{ m#/ha. per y water
{*Maize
{ (Dense 2 crops) 32 6,000 120 5.3
Summer (
{*Maize (Spaced
( 1 crop) 10 4,000 80 2.5
{Rhodes Grass 25 9,000 365 2.7
FP@rennial (
{Lucerne ‘ 18 10,000 365 1.8
(Beets 27 8,000 240 4.5
( ‘
IWinter (Berseem 13 6,500 210 2.0
' ’ { .
{(Rye Grass 13 6,500 180 2.0

*Neveh Yaar varisty

Data: courtesy Lesham, Bat Dagen, Israel.




If it is assumed thgt these results could be closely reproduced
in Cyprus, it may be concluded that lucerne is not the most
efficient converter of irrigation water into the products if
photosynthesis. However, before its replacement as the main
fodder crop base to the livestock industry is recommended, it

.ié necessary to establish further that it is not the most
Qefficient converter of irrigation water into milk,.meat, work

or any of the other desired livestock products. This will depend
not only on the amount of photosynthetic products produced, but

also on their quality as feeds.

Feeds can be classified according to palatability (how much of it
an animal can be induced to consume), and alsoc by nutritious
qualities, that is the quantity, digsstibility and composition

of its nutrients. All of thess factors can change markedly within
a8 crop depending on its maturity, cultivation regime or form of

presentation (conserved or unconserved).

The two major variables of nutrient composition ere the amounts of
én@rgy compounds available to the animal {carbohydrates and fats],
and the smount of available proteins. Generally, energy is required
for maintenance and work, and protein for production. It is not
necessary to present all the data on the nutrient composition of
the crops mentioned above as this is published elsewhere (N.A.S.,
1971). waevaf, the energy and protein content of the fodders are
given in Table 4:5. These data indicate that the energy yields of

all the crops fell into a fairly narrow range, the majority between
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TABLE 4:5 Basic nutritional qualities of some fodder crops
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Digestibility by Cattle

Protein
Percentage
Crop Dry Weight
LUCERNE ! 22.00*
MAIZE (Densely grown, cut
at bleom) 12.29°
SORGHUM (Densely grown, cut
at milk stage) 7.50%
SUDAN GRASS (Piper) 10.09*
SUDAN GRASS (Sweet Sioux) 13.31°¢
RHODES GRASS (Mature Hay) 5.90
FODDER BEETS (Roots) 12.30
RYE GRASS 8.10
SORGHUM (Ensiled with
Molasses) 10,50
SUDAN GRASS (Ensiled with
Molasses) 13.31

Digestible
Protein
Percentage
Dry Weight

16.50

8.60

3.0

6.00
7.20
2.00
7.30

4.10

5.80

7.2

Digestible
Energy
M.cals/kg.
Dry Weight

2.58

2.97

2.48
3.01
2.48
2.61
3.54

2.21

2.20

2.48

*0Own Data; the rest reproduced from N.A.S., 1971

1Berseem, a form of annuel lucerne, is epproximately equal to lucerns

in all cetegories.

2-3 M.cals/kg. dry weight of fodder. Those crops contributing

the greatest energy yield per unit of irrigation water were beets,

maize and Rhodes grass. Lucerne gave a low energy return on water,

but produced nearly twice as much protein per unit dry weight as

‘the next best protein crop: maize. However, refersnce to Table 4:4

indicates that yields of protein per unit volume of water were as

high in maize as they were in lucerne.
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Lucerne fed fresh, as hay, or combined in concentrates in meal
form, is an extremely palatable food to cattie, sheep, goats and
pigs. Correspondingly, voluntary intake (V.I.) of lucerne,
conserved.or unconserved, is very high. Maize on the other
hand, is woody, and when fed either fresh or sun dried, the
V.I. is found to be considerably lower on a weight for weight
basis than lucerne. The V.I. of maize can be igcreased by
chopping, and in practice it is usually presented chopped and
green or in a silage form. _However, even in these prepared
states, it is extremely difficult to raise V.I. leQels to
establish the same protein ration as can be achisved by ad 1ib.
lucerne hay feeding. Maize is therefore ipso facto a second-rate

protein source.

Sorghum and sudan grasses, grown under droughty conditions, contain
.the cyanogenic glycoside ‘dhurrin’, which when hydrolized yields
hydrogen cyanide. O0.5g. of this compound is sufficient to cause
lethal acuts toxicity in cattle. These feeds are only complstely
safe as fodders after hydrolysis by conservation methods such as

ensiling. Oue to its high water content the V.I. of silage tands

to be lower than hay when estimated on & dry weight basis.

Fodder beets, like maize, produce as much protein per unit of
irrigation water as lucerne. However, again there are problems bf
inducing sufficient intake to realize a high level of protein in the
diet, and unless they are crushed, dried and fed as caks, they are

inferior to lucerns hay.
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Rhodes grass is extensively used as a forage pasture and hay fodder
crop in Israel. This crop produces nearly twice the digestible

energy per unit of irrigation water as lucerne, but is extremely

peor in protein. However, it is to be sxpected that the V.I.

on a weight for weight basis for Rhodes grass hay is not gubstantially
below lucerne hay, but again the protein ration will be lowsr since

more Rhodes grass hay is needed for a given uni;_of protein intake.

It appears that for livestock, such as dairy cattle, that requiré
both maintenance and production, the V.I. of these possible
alternative fodder crops would not be sufficient to meet their
production requirements. A change from lucerne to asnother fodder
would therefore almost certeinly be associated with the need for
protein supplementation. This would be a decisive factor weighing
against such a scheme if it wers not for the potential use of non-

protein nitrogen (N.P.N.) for ruminant feeding.

When a N.P.N. source, such as urea, is édded to a feed and ingssted
by ruminants, it is rapidly dissolved and hydrolysed to ammonia by
bacterial urease. This ammonia can be utilized by the éymbiotic
bacteria for the synthesis of amino-acids reéuired for their growth.
when ammonia is produced too repidly in the rumen, or its
concentration becomes too high, appreciable amounts are absorbed
directly into the bloodstream, reconverted to urea in the liver .
and excreted as urine through the kidneys. However, it has been
discovered that natural (i.s. feedstuffs) protein soufces are
utilized before any supplemented N.P.N., and urea will be wasted

to the extent that the feed contains snough protein to meet the

needs of the animal (Loosli and McDonald, 1968).



The addition of starch, molasses, or other suitable energy sources
with the N.EQN. supplemented feed, provides ensrgy for the micro-
organisms to quickly convert and utilizg the urea. Such énergy
supplementaticn of fodder hays and siiages enables livestock
owners to increase the N.P.N. retion without danger of ammonia
toxicity. There have been many applications of this now standard
Qt@chnique including the N.P.N. supplementation.of iow quality
forages (Altona st a8l.,1960), and it has been successfully used

with sorghum silage fed to lactating dairy cattle (Ryley, 18961].

There appears therefore to be a EEEEE.fEEiE case for replacing a
substantial part of the lucerne crop with other high energy/low
protein forages that require less irrigation water. In Israel,
lucerne is not used as a dairy fodder crop for reasons of water
economy. It is grown in areaé where irrigation water is more
plentiful, and over 80% is harvested for a cash crop as meal.
This meal 1s used as a feed additive in cencentrafes for the pig
and broiler industry. The dairy industry in Israel is largely
based on perennial Rhodes grass pastures. On some farms, annual
foddér crops such as winter berseem, fed as hay, alternating
with two summer maize harvests provide the main fodder base.
Concentrates with N.P.N. additives are used throughout the year

to supplement this diet.

We conclude thaf such & system would be advantageous to Cyprus
only after considerable land reform and integration of livestock

production. In the medium term, differences in the structure of

the industry in Cyprus and in Israel will make a direct change
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away from lucerne fodder cultivation in Cyprus an unlikely event.
In Israel, much of the livestock production is controlled by the
Kibbutzim. Thess @rganizations'have sufficlient capital and
production capacity te invest in maize and sorghum stem cutting
machines, beet crushers, silage towers, hot air driers and other
machinery required to handle these fodder crops. They also have

a directed labour force that can harvest quickly such labour
intensive crops as fodder bests. The large herds on the kibbutz
farms make small savings per animal in feeding costs attractive.
In Cyprus the pattern of land ownership (2.{3}(b)), makes for

small scale production and fragmented plots. Peasant farmers

gain & tremendous utility from lucerne as a perennial source of

o nearly perfectly balanced dist for their sheep and goats. The
crop requires little attention and no special treatment after
harvesting. Indeed, many town dwelling Cypriots who have inherited
plots of irrigeble land through the dowry system grow lucerne, and
keep a few animals for just these reasons. The future possibility
of uszgg more Rhodes grass with protein supplementation cannot be
ruled out, but at the moment at least, the convenisnce of type 2
lucerne production as a basis for the support of domestic,
particularly small ruminant, livestock in the dry season, is a
decisive factor favouring the continued cultivation of lucerne on

the island.

For the larger intensively resred livestock in Cyprus, lucerne
will continue to be en importent fodder base until such timss as
the legislation banning the use of N.P.N. feed supplementation is

repealed. If this occurred, it would introduce an incentive for
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an alternative graminaceous fodder base to the industry, which may
result.in some reduction in type 1 lucerne growing. However, as
is shown in Table 2:4 there is still an overall surplus of
irrigation water on the island and the exploitation of these
under-utilized sources may see the development.of an important
lucerne mesal, or seed industry, similar to that in Israsel.

In any event, it is most probable that lucerne will play a major
part in Cypriot agriculture in the immediate future, and might
become increasingly iméortant in the longer term. Thus, the
commercial security of lucerne is less in doubt than that of the

late potate crop.
4.(4) Conclusion

In accordance with arguments advanced in this chapter ths remainder

of the work in this study is devoted to examining the effects of

S. littoralis infestations on the island’s lucerne crop.
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SUMMARY - CHAPTER 4

The 'commercisal security’ of the autumn potato and persnnial lucerne
crops is examined in order to establish their long run viability and
consequently their claim as cendidates for pegt-control research
expenditure.

It is suggested that the autumn potato crop is not a secure crop

in Cyprus due to its low profitability and uneconomic use of scarce
irrigation water. The lucerne crop is examined as the major
nutritional base to the livestock industry in Cyprus and found

to be a high yielding.and convenient fodder crop popular with

doiry farmers. It is concluded that of the two, only lucerne

has a probable long term viability and conssquently further work

in this study is confined to that crop.
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CHAPTER 5

A description of 3. littoralis, its pest status on irrigated crops

in Cyprus and some biological and ecological factors important for

its control

5.(1) Introduction

This chapter deals with the taxonomy, world distribution, life cycle

and behaviour of S. littoralis. A larval population survey and

observations of actual infestations are described. The results
of some feseding and growth studies are presented and finally,
gstimates @f the natural mortality of the larvae are given. Much
of the quantitative data is utilized in the infsstation simulation

described in Chapter 6.

5.(2) Spodoptera littorelis taxonomy, distribution and life
history

S, littoralis, in common with the mejority of the important Lepidopterous

pests in Cyprus, belongs to the family:Noctuidee. The general
characteristics of moths of this family are broad tapering bodies
and wide wings, these are usually dark brown or grey with merkings
peculiar to each specises. The Noctuidae includes some of the most

destructive pests in the world, including S. littoralis (the

Egyptian cotton leaf worml,l Heliothus armigera (the cotton boll

worm}, Plusia ni (the cabbage looper), Spodoptera exigua (the lesser

army worm), Spodoptera exempta (the African armyworm), and Busseola

fusca (the E. African stem borer}. The two commonsst Noctuid pests

1
Referred to in this study as armyworms.
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in Cyprus are S. littoralis and S. exigua, although other species

such as Heliothus peltigera, H. armigera, Agrotis ypsilon, Plusia ni

and Plusia gamma are also well represented,

S. littoralis has a wide occasional distribution. Specimens have

been collected in India (Dewhurst, pers. comm.), and in the United
Kingdom, where it is an infrequent pest of greénhouse chrysanthemums.
The species’ characteristic range is the Mediterranean coast, S.W.
Africa, E. Africa and eastwards to Iran. Early literature refers

to the pest as Prodenia litura, which was thought to extend as a

single species eastwards to Japan. However, morphological
differences detected in the genitalia (Viette, 1963),and larval
head cepsule (Mochida, 1872), indicated two separate species: the

westerly Spodoptera littoralis, and the easterly Spodoptera litura.

The moths ars nocturnal in habit, hiding by day and actively flying
for fqu, mating and ovipositing at night. Females have been
observed to oviposit on almost any broad leafed plant found within
their range, but they have marked prefersnces which appsar to vary
with location. These preferences may be the result of local
adeptation to the prevailing host plant (Vermes, pers. comm.)

Qith gravid moths orientating to ths host plant on which they

were reared. This has given rise to a confusing number of

regional names for S. littoralis. For instance, in Egypt it is

the cotton leaf worm, in MalaQi the tobacco caterpillaf, in
Rhodesia the tomato caterpillar and in Mauritius the bean armyworm.
In Cyprus all of the host crops to which these regional names refer

are in fact grown, but of those mentioned S. littoralis appears to

be only a pest of bsans and tomatoes.
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Legend for fig. 5:1

{a)

(b)

{c)

(d}

(e)

(£}

(NB.

Male S. littoralis moth (x1i)

Female S. littoralis moth (x1})

Two S. littoralis eggs (x50)

S, littorelis first instar stage (x35)

S. littoralis sixth instar stage (x2)

S, littoralis pupe (x3}

figs. a, b, d, 8 and ¥ after Bishara (1934},

fig. c from a photograph by the author)
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Fig §: i
:1 Life stages of
g S littoralis

)

(b

(a)

(c)

(f)

(e)
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The mean number of eggs laid by a single female moth is 1,200

(Bishara, 1934). These are distributed amongst 4-7 egg masses.

There is some svidence that moths ars attracted to oviposit in

freshly irrigated fields (Ibid., p. 314 and Abul-Nasr st al.,

1972(a}).

Howaver, in situations of heavy egg-laying, egg masses

arg frequently found on inappropriate sites such as irrigation

.:p:l.pesa tres trunks and walls and fences. The eggs are laid

clossely together in regular rows up to three layers deep. They

are light gresen or creamy when they are laid, but assume a greyish

hue as they develop.

There ars six larval instarsgl

These can bs identified by six

ranges of head capsule width, which in the third and sixth instars

are discrete (see Table 5:1).

(1-2mm in lengthl.

The first instar larvas ars small

They have a relatively large shiny black hsad

TABLE 5:1 Head capsule width in4§ﬁ=;;;;ggg;;§713rval instars

—

Instar Sample Head Capsule Range St. Dsv.
Size Width in mm
1 42 0.275 0.250 - 0.297 -
2 31 0.441 0.378 - 0.477 -
3 84 0.684 0.408 - 0.882 0.078
4 73 1.170 0.984 - 1.332 0.078
5 76 1.692 1.440 - 1.920 0.118
6 71 2,509 2.244 - 2.739 0.124

data from McKinley (1970).

1Instars ars growth stages between sach insect moult.




and a translucent white body. The second instar is usually olive
green in colour with a characteristic black spot on sach side of
the first abdominal segment. The third instar is of the same
general cpl@urn but has a second pair of dark spots on the last
abdominal segment. Later instars generally develop a desper
greyish colouring and display more, but smaller spots and lines,
on other segments of the body. The sixth, and final instar may

grow up to four centimetres in length before pupation (fig. 5:1).

The first and second instar larvae feed gregariously on a plant
leaf at the site of the egg mass. These early instars remain

attached to the leaves by threads which help to prevent them
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from being shaken off the plant by the wind, but which may also have

the reverse function of distributing them if they becomse airborne.
Later instars appear to be sensitive to light and temperature.
These larveae are generally only found on the apices of the plants
after dusk and when the ambient temperature is between 15°C and
26°C.” In bright sunshine, fourth, fifth and sixth instar larvae
may be found buried in the leaf and stem litter of @ lucerne
pesturs, or buried into the soil in potate fields (Ellis and

Veigh, unpublished C.0.P.R. reportl.

Prepupal sixth instar lervae cease feeding, loss weight and burrow
inte the ground in preparation for pupation. Newly formed pupae
are green with & rosy hue on the abdomen. The abdominal rosy hue
deepens and spreads, and the pupae rapidly assumed a characteristic

- deep reddish colour.
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5.(3) Pest status of S, littoralis in Cyprus and some biological

and ecological data relevant to its control

5.(3)(a) Assessment of pest status

An initisl task in assessing the pest status of S. littoralis in

Cyprus was to determine the range of crops attacked and to establish
its damage contribution as distinct from other similar pests. A
list of cash crop reported damaged by a number of unspecified
Noctuid @ests (Zyngas, et al., 1964) consisted of: tomatoes,
aubergines, peppers, lettuce, celery, spinach, cabbage, cauli-
flower, onions, garlic, leeks, haricot beans, broad beans, cow
peas, artichokes and late potatoes. These authors only estimated
the valué of crop losses for haricot beans (at C£25,800/yr.)} and
late potatoes (at C£712,800/yr.). Although there is no comparative
data with which te check these figures, it is clear that an
estimated loss of C£712,800 for the late potato crop was & gross
over-gstimate, since the total lats crop was valued at bslow

€£500,000/yr.

Communication with crop protection sgencies on the island indicated
that the crops most affected by these pests were lucerns, tomatoes,
beans, artichokes and late potatoes. It was also revealed that the

vast majority of the damage occurred as a result of S. littoralis

and S. exigua infestations, and suggested that for equal pest

populations, the higher consumption demands of S. littoralis caused

it to be the more destructive of the two.
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There would appear to be two variablesvwhich determine a pest's
economic status, namely the frequency and the severity of
infestations. Implicit in severity is a measure of the crop.
demage caused 6} the infestation and thé value of tﬁis loss

(1.(2)).

eS. littoralis infestations occurred during July to- November in

Cyprus, with a peak of activity in September and October. It is
generally thought that the island population increased in response
to the warm summer tempsratures and decreased to a low 'over-
wintering' level in November (Ingram, pers. comm.) when temperatures
fall again. Records of moth cetches from pheromone traps during
1973, indicated the seasonal rise in the populations and lent
support to the notion of population control by temperature (fig.
$:1, data courtesy of Campion, C.0.P.R.}. However, this is made
less certain by the estimation techniques, since, even assuming e
constant efficiency of pheromone trapping with changes in
ﬁampezgfure, the possibility of a temperaturs effect on the
insects flight propensity (Johnson, 1969; Dry and Taylor, 1970)

was not eliminated.

We attempted to measure the incidence and severiéy of larval
infestations in the peak season (August-October) by a dual sﬁrvey
incorporating a pest damage questionnaire sent to individual
producers, and a regulaer inspection of a number of trisl crop

sites.

The daemage questionnaire was included with the growsrs questionnaire

described in 3:1(2), end reproduced in Appendix 3:2. As stated in
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that section the response by the growers was disappointingly low
and those questionnaires which were returned appeared to be biased
towards farmers who had experienced pest damage. The data was
therefore considered too unreliable to be used to assess the

normal incidence end severity of pest damage.

The aim of the regular inspection survey was to sstablish a fairly
deteiled pest history for a range of insecticide tresated and
untreated commercial plots in different localities on the island.
It was hoped by this method to establish the natural incidence

of infestations, to evaluate the effect Q% insecticide treatment
on this incidence, and possibly to identify & number of environ-
'mental factors predisposing the crop to attack. A further aim was
to measure crop damage so that some empirical rslationship might
be derived relating crop loss with pest density (with possibly
another variable such as larval size].

The sites were all lucerns pastures located in importent lucerne
growing villeges (fig. 5:3), Seven of these sites were composed
of two adjacent plots, ons treated with insecticide prior to
24.8;721 and one untreated. A further two single plot sites

were also inspected, one which had been freated and one that

had not. These 16 sites were regularly inspected by the author
throughout August to September 1972; this cqvared from two to
three pasture harvests, providing data on a total of 43 growth

- cycles.

l"’&\1]1 treated with methamidophos at the recommended rate, see Ch. 7.
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(1) Methods

The inspection consisted of sweep net sampling and quadrat ground

sampling of the pasture for Spodoptera sp. larvae and the adults

of their psrasitic species, a record of the height of the crop
at each visit and an estimate of percentage leaf loss dus to pest
injury. In addition, a pheromone moth trap was maintained at

each site and the catches of male S. littoralis moths were recorded.

The sweep net used for this sampling was of standard construction,
consisting of a wire framed muslin bag about 0.3m wide. One
sweeping motion with the net covered & length of approximately

lm. of pastura. Hence, three such sweeps were requirea to

sample lm? of lucerne. lﬁm? of lucerne were sampled at each site
on each occasion by taking three separate 10 stroke sweep samples
from different localities in the field. After each samples, the
net was inspected and the catches of larvee and parasites were

recorded.

A number of suthors have pointed out the inadequacy of this method
of population estimation when it is used in isolation (s.g. Abul-
ﬁasr and Ali Naguib, 1968; Abul-Nasr et al., 1971). 1Its limitation
is & result of variation in the catching success of sweep nets

with such factors as differences in crop height and vertical
movement gf insects in response to environmental conditions.
Therefore, to confirm the sweep counts, quadrat éamples wers

taken. The quadrat used had an area of O,ZSm?. It was placed

on the ground and the pasture stems contained within fhe quadrat

were shaken into this arsa. The ground and leaf litter was then
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thoroughly searched and the total number of larvae were counted.
Initially, two quadrat samples wers taken, and if thers appeared
to be a discfepancy between swéep and quadrat estimates, a further
eight guadrat samples were made. The quadrat sample larval
estimates were considered more reliable than those made from
sweeping (Abul-Nasr st al., 1971). Consequently, when these ten
samples were taken they were used as a basis for the estimation
of the larval population (although of course not of the winged

adult parasite population].

The pheromone traps situated at each trial site were of the metal
vane type (Turnstall, 1865). They relied on the specific attraction

of male S, littoralis moths to caged virgin female moths of the same

species, contained within the trap. At each visit, a record was
made of the numbers of dead male moths (previous catchss), and live
male moths (fresh catches), in the trap.

The ;;fcentage leaf loss owing to larval injury, wes estimated
using a field scoring method. Four injury categerieé were established
visually. To give & quantitative expression to these, samples from
each of the categories were collected and weighed, and the leaf
loss estimated in each (assuming a pre-injury leaf/stem ratioc of
1:1, see 3,{(2))c). The categories wers (a) some injury (estimated
at & mean of 20% leaf loss), (b) 'tatty’ stems (mesan of 30% leaf
loss), (c) badly damaged (mean of 65% leaf lossland (d) stripped
(mean of 95% leaf loss)el Buring the pest survey ten stem samples

were taken at random from the pasture, and the leaf injury visually

lConsequently, the range of injury varied for each group, this is not an un-

common limitation of visual scoring technigues.
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scored for each sample. These ten scores were then converted into

‘an overall mean percentage leaf loss for the plet.using the value

of the appropriate conversion group (a) - (d). It may be noted

that this method was nbt valid for assessing damsge, except in

mature pastures, since it did not take into consideration compensating

growth by the pasture (see Chapter 6].
(1) Results

The results of the survey are reproduced in Table AS:1(1)a-c.
Statistical examination of the data from those sites with treated and
untreated adjacent plots, indicated that no significant differences
existed in the incidence and density of any of the pest or parasite
species between plots treated with methamidophos and those left
untreated. Even when the data from the first month after treatment-
was analysed independently, no apparsnt effect on the populations
due to insecticide treatments could be detected. In view of this
result, all date from both treated and untreated plots, including

the single sites (8 and 9) were grouped (Table 5:2).

TABLE 5:2 The mean density of Noctuid larvae and some of their

E@fasites (adults) in nine lucerne pasturs sites, and

the average monthly S, littoralis masle moth catches for
August = October 1972

Male |
IMonth Larvae/m? Paragites/ Moths
1972 S. littoralis S. exigua Others Total m Trappsd
gust 0.01 10.58 0.47 11.06 0.87 17.61
September B.22 1.40 0.18 1.80 1.04 19,16
ctober 0.17 0.14 0.27 0.58 0.28 66.17
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Some larvas of at least ons species were detected on 85% of thg
visits to individual plots. However, on only 5% of the visits
were infestations discovered which had more than 10 larvae/m?.
Parasites; were recorded in 79% of the samples, but densities
were low, as in 70% of these samples populations were estimated

at less than one adult parasite/m?, S. littoralis larvee were

poorly represented at all sites surveyed in 19722, indeed throughout
the island damage to all crops by this pest was reported te be
slight. S. exigua was prevslent in August but declined in
importance through the season. Statistical analysis of the monthly
variation in larvae and parasite numbers indicated a significantly
higher parasite populaetion in August and September and a significant
reduction in the numbers of S. exigua larvae in the plots through
the season. Approximately 10% of the visits to pl@ts\that had

& larval population slsoc demonstrated some injury to foliage.
However, of the 43 lucerns pasture growth cycles surveyed, only

2 demonstrated sufficient larval damage to have justified control
expeﬁaiture, indicating an economic infestation rate in August

to Octobsr of under 5%. Moreover, both these infestations were

caused by S. exigua and at no time in the survey did S. littoralis

establish & larval population of more than 5 larvae/m?. This was

in spite of large male S. littoralis moth catches at a number of

sites (over 400 trapped in four days at site 3).

The majority of these data were thersfore from'low density, mixed
species larval populations that had a small damage potential.
Fluctuations in the level of low density populations did not

provide much information on the role of environmental variables

lfha main parasite represented was Chelonus inanitus (L) (see fig.
5:4), further discussion of parasitism is given in 5.(3)(d) and 7.(4)(c).
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in determining the incidence of larger economic infestations, or
the relationship between pest population and crop damage. Pest
populations may have been low Secause of a low incidence of egg
laying, or because of high field mortality, or e combination of
both. 7o detect any factors predisposing & pasture to attack

it is necessary to compare statisticelly the conditions prevailing
in a8 large number of observed economic infestaticns with those
in uninfested pastures. Similarly, it is invalid to extrepolate
te much larger populations any trends in the relationships
between endogenous variables and population levels apparent

from observations on smell populations. For instance, the
ubiguitous, but low level of larvee in this survey indicated

the pessibility of natural controlling factors operating on

pest populations which may be entirely ebsent in dense infest-

ations (5.(3)(d)(iii)].

A number of gensral conclusions can be drawn from the survey which
ars useful iﬁ framing the control strategy. For sxample, the
presence of parasitic adults in the latter part of August in the
plots sprayed with insecticide, indicated that there was either
a8 rapid recolonization by parasites in pastures cleared by
insecticide, ér parasites emerged from pupass in the cadavers
of their host larvas. If the populations were derived from
recent emergences, then parasites would appear to enjoy adaquate
protection ?rom insecticides when in the pupal form. If
confirmed, this has clear implications for fermers anxious

to foster a rich natural fauna for biological pest control on

their pastures, but also wishing to maintain an option on sprayed



chemical cwntfol.l However, this notion is not supported by

recent laboratory studies reported by Rechau (1874). This suthor

detected insecticide induced mortality amongst Chelonus inanitus

() paraéites as adults confined with cotton leaves treated up

to 22 days earlier with methomyl, or 45 days earlier with parathion.
These results suggest that when parasitses are lo?ated in a larval
cadaver at the time of spraying this is not negessarily a

sufficient protection te ensure their survival as adults.

The male S. littoralis moth catches'in the pheromone traps

fluctuated widely between and within sites. At site 3 on 29.9.72
no males were trapped but on 2.10.72 at the same site, 356 were
recorded. Assuming that the pheromone traps were functioning
with a constant efficiency, it can be concluded that large

moth catches are not essociated with subsequent high S. littoralis

larval populations in the field. Indeed, site 5, with the

largest S. littoralis larval population had low moth trap catches

prior to the field infestation. However, there are some indications
that it might be more usual for large moth catches to occur after
a large larval infestation. For instance, at sites 3 énd 5 the

two sites where S. littoralis larvae were well represented, moth

éatchés were the highest recorded for all sitas sometime after
these uncontrolled infestations. If»thase observations are & true
.reflection of the actusl field situation then the implications |
are that when male mothe emerge from the fields they attempt to

- mate in the locality, however, either the newly emerged females’

-

1This is of course, only one consideration, predators are less

specific in their prey preferences and may be well represented in
a certain locality before any larvas appsar. These may therefore
be more effective control agents, and they will certainly be
affected by insecticide. This aspect of chemical control is
discussed further in Chapter 7 which considers indirect costs

and benefits of insecticide spraying.
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Two S. littoralis infestations were monitored in the period

September to Octobef 1973. One was at the village of Ayios
Andronicus fplot 1), and one at Athalassa (plot 2]. These
infestations were observed so as to proQide both qualitative
and quantitative data on larval behavicur in an infestation
_situation, and also to assess the actual crop damage resulting

t from populations of & known size and duration.

Plot 1 was a small field (approximately I,OOOm?] which had been
planted in July 1973. The farmer had sown marrows and tomatoes
as border crops to the lucerne field in order that they might
take advantage of the pasturs irrigations (fig. 5:8 and 5:9).
The lucerne had been treated once (on 9.8.73), with ’Folidel’,
a methyl parathion insecticide, to control an earlier armyworm
infestation (species unknown)}. Fifteen days later (24.9.73),

the farmer was preparing to harvest again to salvege his crop

from a heavy infestation of early instar S. littoralis larvas.

The results in Table 5:3 show the mean larval counts of S.
fittoralis as the farmer was harvesting. Three arsas were
sampled using & quadrat of O,ZSm? area. These wers: an ares
prior to cutting, recently cropped arseas {1-2 hours sxposure],

and those arsas beneath piles of lucerne left by the farmer.

In recording the larvaes, an attempt was made to establish the
population age distribution by visually allocating the larvas
‘into instar groups (see 6.(2)).

The plot was rewiste& on 29.9.73 and more larval counts were mads.

Half of ths lucerns field and some of the bordering vegetables were



133

then sprayed Qith the insecticide chloropyriphos (the area A, indicated
in figs. 5:8(a) and (b); a plan of the expérimental field). After

this treatment the plot was viéited every two deys and larval counts
were made on the spraysd and unsprayed areas of lucerne. On

alternate visits, four D.ZSm? quadrat samples of lucerne foliage

were taken to measure regrowth. The results of all these

PR

cbservations are recorded in Table 5:4.

By 2.10.73, nine days after harvest, regrowth had started on all
of area A (fig. 5:9), except for a small band of lucerne adjacent
to the unsprayed marrow vegetable plot border (Area C, fig. 5:8(b)).

Examination of area (C) revealed the presence of S. littoralis

larvae of the same size as those existing in the unsprayed sector
(area B). Furthermore thers was very little injury to the marrow
plants, indicating that these had served mainly as a cover for
the lervae (fig. 5:5). These larvae then encroached further into
the {fgrowth area (A). This 'inveding infestation®’ continued to
extend the width of the defoliated ares (C) until 20.10.73

(day 27 after harvest), when further sampling failed to detect
larvae. Regrowth in the untreated area (B), was negiigiblo

until about the 20th day after harvest (13.10.73), end did not
occur vigorously until all the lorvee disappeared (16.10.73).

Fig. 5:7 shows the extent of arsa (C) on 20.10.73.

A second infestation occurred on the treated area (A) and was
detected at the sscond instar stage on 20.10.73 (27th day after
harvest). This persisted until the lucerne was harvnntnd for

the second time. This infestation was presumably derived from
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Fig.5:6 S.littoralis larvae found beneath a pile of freshly

cut lucerne.

Fig.5:7 Plate of AreaC (see figs. 5:8 & 5:9).
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Fig.5:8(a) Plan showing the main features of Plot1, including insecticide treated area.
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Fig.5:8(b) Lucerne regrowth nine days after harvest(see tig.5:9).

44 orea where regrowth hod occurred
s> position from which fig.5:9(plate) was taken
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Fig. 5: Flate and plan of plot1, nine days after harvest

and subsequent insecticide treatment.
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egg masses laid on or near the 22nd day after harvest, coinciding
with the time of the second pasture irrigation. This is some
further support fof Bishara's observation (1934) that moths are

attracted to oviposit on freshly irrigated and leafy lucerne.

Table -5:3(a) shows the disruptive effect that the crop harvesting

had on the larval infestation. Within two hours of cutting, the

TABLE 5:3 Plot 1, Larval counts on total plot before insecticide

treatment
Time after Larval instar population® Estimated leaf
harvest (1) (2) (3] (4) (5) (6} Pupae loss ’
Before ¢ 50z2.4 360.4 43.6 24.0 9.2 0 22.30%
2 hrs after 0 148.4 1100.8 1.2 0.4 0.4 (0] -
§_days after 13.6 24.4 0.4 (1) -

Estimated population under hay: 12,000-20,000 larvae/m2 (mostly largse)

®*Expressed as mean nNos. larvae/mz, each estimated from 10 x O.ZSm?
quadrat samples.

6rigina1 population of 1@@0 larvae/m? had fallen to ZSU/m?a The
dispersed larvaes appeared to have found cover in the surrounding
vegetable plots and under piles of cut lucerne (see figs. 5:5 and
5:6). On the third day after cutting, when the hay had been |
‘ remdwed, the population had fallen to 40/m? and continued to

éall on subsequent days. This marked dispersal or disappsarance
of the larvae at harvest, resulted in a reéidual population
consisting of individuals of a lowsr mean size than had existed

in the original population, indicating a higher dispersal
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TABLE 5:4 Plot 1, Larval counts and lucerne yield in treated area (A)land untreated area (B)l

Date Days after| Larval instar population? Area (A) Lucerned Larval instar population? Area (B) L} cs;ne3
Harvest (1) (2) (3) (&) (5) (6) Pupaelg./m® (ary wt.)| (1) (2) (3) (&) (5) (6) Pupae B-/Mf (ary wt.)

29. 9.73 5 ) (1] 0 0 o 0 0 o] 13,0 1.0 0.% ok O (o]

30. 9.73 6 0 0 0 0 0 0 0 (o] 9.2 10.0 1.0 0.4 0 0

2.10.73 8 0o 0 0 0 0 0 0 22.0 0 6.0 6.6 3.2 0 0.4 0 2.0

4.10.73 10 0 0 0 o} o.lk 0 0 0 o] 8.4 4.8 0.8 1.6 0

6.10.73 12 0 0 o] o} o} 0 0 49.0 o 0 7.4 5.6 1.0 ok ° O 2.5

" 8.10.73 1 - 0 o] o} 1.2 0 0 0 o] -0,k O 0.8 1.2 0.k 0

10.10.73 16 0 0 0 0.8 0.k 0 0 96.5 o} 0.8 0 0.8 1.2 0.4 0 4.0

12.10.73 18 0 0 ok © 0.8 3.2 0 0 0 0 0 0.k 1.2 0

14.10.73 20 o} otk 0.4 O 0.8 1.2 0 152.0 o] 0 0 0 0 1.2 0 13.0

16.10.73 22 0 ok o0 0.8 0.4 O 0 0 0o 0 0 o} o} 0

18.10.73 ok 0 0 0 o 0 0 0 161.0 0 0 o o0 o 0 0 k3.0 |

20.10.73 26 0 13.2 1.2 © 0 0 0 o} 0 0 0 0 0 o}

22.10.73|- 28 4.8 sk.b 11,6 3.2 0.4 0 o} 176.5 o] 0 0 o 0 0 0 - 39.0

25.10.73 31 0.2 Thb 19.2 47 0k O 0 192.0 0 0 0 o 0 0 0 68.0

27.10.73 33 0 33.6 2.8 1.2 0.8 0.8 o 1.2 © o} o} ok o 0

29.10.73 35 0.2 26,0 20.0 L.,0 0.4 0.4 o] 168.0 0.8 0.8 1.2 ok o 0 0 . 104.0

1 Areas illustrated in fig 5:8(a)

2Expresse@ as mean numbers larvae/m%, each estimated from ten O‘ZSmg quadrat samples

43Mean of_fbur 0~25m% quadrat samples
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propensity for larger larvae. This might have resulted from a
higher mobility of larger larvee, a notion supported by the
recorded appearance of late insfar larvae (identified by size
only), in the treated plot (A} 16 days after harvest (these

wers presumably migrants from the untreated plot (B) that had
grown sufficiently to move effectively in ssarch of & more
plentiful food supply). However, Harris, reporting on post

- eutting larval populations (C.0.P.R., 1974) observed heavy
predation of the larger larvae by carabid beetles in areas whers
they congregate to take cover. There is alsc the possibility of
lerge scale vertebrate predation at this stage (see: 5.(3)(d)).

~ This mey account for the disappearance of larvas st harvest

from fields sufficiently large to defeat even the most persistent

migrants.

The second observgd infestation occurred at the A.R.I. farm at
Athalassa, and was an example of an infaestation resulting from
dispefging larvae. These larvae had presumably originated from
a recently cropped adjacent field (field Y, fig. 5:10) and had
crossed the farm road to cause a secondary infestation (fisld X,
fig. 5:10). Various areas of damage and infestation were clearly
~identifiable (areas D, E, F and G,.figa 5:10) and these were

sampled for larvae and damage (table 5:5).

The results showed that the dispersed larvae produced a moving
band of infestation encroaching into the hitherto undamaged crop
(field X). At the forward margin of the infestation (area E) a

5'fa1rly dense'infestation of large larvae wers found. Behind this
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TABLE 5:5 Larval counts and estimated leaf loss in Plot 2

A Larval 'instar’ population (larvae/m?)*
reas .

(fig. 5:10) | (1) (2) (3) (4) (5) (6) (Pupae) Estimated leaf loss

1)) 0 0 © 0 ©0 ©o 0O

{€) 0 0 o 8.5 7.3 29.8 o 72%
(F) (0 0 0 0] 0 ) 0 80%
(G) o 0.5 3.3 2.5 2.5 1.8 0 Just harvested

®Each estimated from 10 x @,ZSm? guadrat samples.

(i.e. area F) the damage to the crop was almost total leaf loss and
no larQae were found. ~ Sampling lsrvae from the parent infestation
(arsa G) it was found that the remaining larvae were of a smaller
size than those represented in the dispersed population. If it

is assumed that growth rates in the two populations (G and E) had
been the same subsequent to dispersal, then these results are
furtherrsupp@rt to the notion that larger larvee wers more active

in dispersal.

In conclusion, these infestations indicatedvthe differential dispersal
or disappesrance propensity of larger larvae, and the role of the .
residual populations in the suppression of crop regrowth. They

also showed that larvae may invade neighbouring plots to cause

severe locelized érop injury, demonstrating the importance of
treating surrcunding cover plants when infestations are artificially
controlled. This point has been recognized by Abul-Nasr et al.

€1872(b)) who recommended a routine insecticide spray treatment
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of tree trunks, weed banks and wind breaks to control early autumn

generations of S. littoralis in Egypt.

5.(3)(c) Laboratory trials on feeding, growth and development of

§! ;;ggoga;is larvae

The development rate of a pest is an important variable determining
its status. It limits the total number of generations achieved in
any one season and thus the potential population levels. It also
determines the length of time that a pest will spend in any one
stage of its life cycle, thus affecting its food consumption and
mortality from naturel causes. Within theconstraints of genetic
potential, the variables that could be expected to be of most
importancé in the determination of development rate are temperature,

population density and food source (quality and quantity).

Fig. 5:11 is a plot of development time, and monthly ambient
temperature observed with field collected larvae individually
reargd in the laboratory. These data, collected by W.R. Ingram
(unpubiish@d] show a marked decrease in development time with
the onset of warmer weather in May. Work by Ingram and other
authors has indicated that the optimum temperature for the
species is 26-30UC, From SEQSEOC growth and development may
pe quicker, but mortslity and infertility ars greater,
especislly above 33% (Rivhey and Meisner, 1965). Below

10% development of all stages is arrested, (Bishara, 1934).

Since interest in feeding and development in this study is

centred on lucerne as a host plant, the effect of .different host
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Fig.5:11 S.littoralis development time & ambient temperature.
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plants was not investigated. However, work with Spodoptera litura1

by Pandey and Stirvastava {1967) on the feeding responses to 24 types
of wild food plants by this closely related species, indicated

differences in development rate and mortelity with food source. We

would expect to find éimilar differences in S. littoralis and thereforse
all feeding trials were conducted using lucerne lesaves as a food

source.

The existing data from growth and feeding trials with S. littoralis
using natural food plants, werecompiled by Bishara (1934) and Edwards
(unpublished). Bishara conducted his experiments at 25%C using
cotton leaves as a food source. Edwards monitored feeding and growth
in his larvee, fed on a diet of spinach leaves, at 30°c. Both wofkers
noted & rapid increase in weight in consumption in the final two
instars, followed by a prepupal decline in weight and cessation of

fesding. . .

As paéfﬁof this study, the larval growth and food consumption were
measured under laboratory conditions for individually reered larves
fed ad 1ib. on a fresh supply of lucerne lsaflets. These trials
were conducted with siﬁgla larvae at the second instar stage énd
continued through to pupation. Trials were run at two temperatures:
24-26°C and 29-31°C. Since the experimental method was & new one,

it is necessary to describe it briefly.

A newly laid egg mass was taken from the laboratory culture and

transferred to a fresh lucerne sprig. The incubating eggs wers then

1

These authors referred to their experimental larvae as Prodenia litura,
but since they collected their insects in India, they wers almost
certainly S. litura.
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placed in the constant tempereaturs regime determined for the trial
{either 24-267¢C or 29-31°C). On hatching, the date was recorded,
and the larvaee were left tﬁ feed gregariously on the sprig until

the sscond instar stage. Twelve larvae from each temperaturs regime
wers then individually reared on lucerﬁ@ leaves in plaétic petri
dish@s, gach containing a disc of filter paper, (dampened or dry

?ccording to the amount of food presented).

A major problem associated with estimating the consumption of plant
material is the variation in plant tissue weight with changes in
water content. Estimates were therefore made by a comparative
dry weight technique. Lucerne produces a leaf which is divided
into three lsaflets. Approximately 70% of the pesired lateral
leaflets appeared to be equal in size. Estimates of the visually
assessed matched leaflets showed a low variation: less than 5%
between dry weights. It was therefore assumed that the initial
dry weight of & leaflet offered as food to the larva could be
reasonably estimated from the dry weight of a matched opposite

. leaf;et, thus enabling an estimate of dry weight intake to be

made.

Each merning, matched leafiets.from freshly picked lucerns wers
. chosen and one of the leaflets was presented to the larva and the
other dried. A guantity in excess of the predicted consumption
\ demand was offered to ensure ad 1ib. feeding. Both the control
lsaflets and the post-consumption leaf remains were dried for

48 hours at 70°C before weighing.
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The estimated food intake per day in g. dry wt. of lucerne leaf,
with the corresponding liveweight of larvas for the two controlled
temperatures are given for different days since hatching in
Appendix 5:2(1). Thess data were converted to 1ogm and the
geometric means for both food intake and livewsight were
calculated for sach day after hatching. A plot of this trans-

formation is given in Fig. S5:12.

Fig. 5:12 indicates that both consumption and larval weight
increased exponentially from the beginning of the trial until
the sixth instar staege (estimated at larval weights > 0.62g,
see Table 6:1). Velues for the rate of this exponential

increase during the period can be found in equation S5:l.

Equation 5:1 Exponential phase of growth (wL] and consumption (Co)

of larvae rearsd at 24-26°C and 29-31°C

rit -t )

tm-tn tm.e ~

(5:1)

wL or Co for the two trial temperatures

g
=
]
%
2
]

t_ = Upper range of exponential increase in days since hatching
tm = [ower renge of exponential increase in days since hatching
= rate of exponential increase

e = base of the natural logarithms

The estimeted values for the trials were: .
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larval growth & consumption at 24-26°§,

Fig. 5:12
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N m n . r
NL‘at 24-26°C . 8 13 0.5577
Co at 24-26°C 5 - 13 0.5361
W, at 29-31% 8 12 0.8478

Co at 29-31°C 6 11 0.7278

After the fifth instar stage, larvae still grew and consumed lucerne,
but at & declining rate. By day 15 after hatching at 29-31%, and
day 20 after hatching at 24-26@C, consumption had ceased and larval

weights were falling to their prepupal levels.

These results were consistent with those found by Bishara and
Edwards in that a repid rise in liveweight and consumption (but
not rates of growth and consumption), occurred in the last two
instars. Comparison of the results obtained for the two
temperatures indicated that temperature positively affected

- growth rate consumption rate and time to maturation, although
the mean highest weight attained by mature larvae reared at
both temperatures remained constant at about 0.8g.. The higher
consumption rate at 29-31°C resulted in a significantly higher
total consumption of lucerne from second inster to pupation

than was found for larvae rearsd at 24-2800.

Since this positive effect by temperature on growth and consumption
.ratag is unlikely to be linear (Krogh, 1916), two temperaturs
triels do not provide enough data to derive a temperature to

growth or consumption rate function. It was thérefore necessary

to choose the results from only one of the trials as a basis for
estimating growth and consumption in the damage simulation

described in Chapter 6.



150

The mean daily temperature in Cyprus was approximately 26.0°C 1n
September and 21.5°C in October. Although the clear skies resulted
in fairly large diurnal fluctuations in sir temperature (over 5°C in
November 1971, C.0.P.R., 1874), it is most probable that the larvae
maintained a fair;y constant temperature environment by retiring

to the bese of the lucerne during the day; an area which is buffered
against temperature changg (Geiger, 1965). Consequently, the larval
consumption and growth measured at 24-267C, was considered to be more
representative of normal field conditions existing during armyworm
infestations, and the results from this temperature trial were

used in the subsequent simulation.

Rearing density has been shown to adversely affect & whole range of °
insect population peremeters. Klomp (1966}, has shown that the larval

stage of the pine looper (Bupalus piniarius) exhibits density dependent

mortality (5.(3)(d)(i1i)) due to intraspecific competition and
parasitism. He also showed that population density was positively
c@rreigted with egg mortality, reductions in larval and pupal
size, and moth fecundity. Gruys (1963), found that growth in the
same larvae may be inhibited by mutual contact, even whén food

was not limiting. McNeill (1873), has cobserved density dependent

mbrtality in Lepidopterous lervae during periods of weather stress.

McKinley (1970), rearing Spodoptera littoralis larvas on an

artificial medium, recorded a lower pupal weight, higher larval
mortality, darker colouration and a faster development rate from
larvae reered in "crowded conditions”.

The author conducted preliminary investigations into the effscts of

density on S. littoralis larval growth and mortality at 24-26°C.
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Ten replicates for larval densities of 1, 2, 4 and 6 larvae/pot
were made with plastic pots of 210ml. capacity. Larvae were added
at the second instar stage and supplied daily with fresh sprigs of
lucerne. .Although it cannot be claimed that these rearing
conditions faithfully reproduced field conditiops, it is useful

to express them in terms of field infestation equivalent
densities. Assuming larvae feed on the top 20cm.of mature

lucerne (Ellis and Veigh, unpublished C.0.P.R. report), then

lm? contains @.Zm? of favoured feeding area. The sprigs of
lucerne in the pots were introduced at approximately the same
density as would be found in & normal pasture, and consequently,
6, 4 and 2 larvae per pot may be considered approximately
equivalent to infestations of 5,700, 3,800 and 1,800 Iarvae/m?

of pasture, respectively. These represent severs infestation

conditions (5.(3}(bl).

Tﬁe problem of excess humidity in the pots containing large larvae
was dealt with by introducing filter papers and silica gel
crystals into the bése of the pots. For the purpose of
calculating daily weight change at each density. results were
taken only from those replicates in which a full complement of
larvee survived. The full results of these trials are given in
A5:2(2)-(3) end & graph of the means of a 1oglm transformation

of the data given in fig. 5:13.

The results at all density groups reaffirmed the observed
exponential increase in growth rate up to the sixth instar., and

the subsequent decline in the sixth instar. In the exponential

phase, there was no apparent difference in growth rats for any
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Fig- 5:13 S.littorglis larval growth reared at four densities at

24-26°C.
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of the density groups. Their growth can be approximately described
by the single equation:l

@m81®18ftn-63

WL.tn = WL.tB.e ) (5:2)

‘(NB. Using the same notation as in equation 5:1, except that n = any
) S
value of t > 6 and < 14}.

Statistical examination of the liveweight data showed that the mean
time taken to the maximum weight achieved by the larvae (and hence
their maximum consumption potential) in each group, varied from the
l4th day after hatching for larvae reared in groups of six, to the
16th day for larvae reared individually. However, these differences
were not statistically significant, indicating that ’'maturation’
time was not grossly affected by the differences in.danaity, When
the mean weights of larvae on the 15th day after hatching (the
overall mean 'highest weight day' for all groups for sach of

the groups were compared, it was found that larvae rsared
individually resulted in significantly higher maximum weights

then those reared in groups of six. However, when those

replicates in which some larvae died after the 15th day were
excluded, the differences were not ;ignificant. Pupae derived

from surviving larvae in each density group did not significantly
differ in weight (table A5:2(3)). Pupal weight was found to be

positively correlated with the maximum weight of the corresponding

llt is noted that the growth rate for the larvae was slightly higher
(6.9%), than that found for larvae rearsd at the same temperature in
the feeding trials, this may be dus to the differsnces in the rearing
coenditions, in particular the form in which the food was presented
(eprigs as opposed to leaflets).
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larva (p > 0.01), this relaﬁionship has also been observed for pine
looper larvae (Klomp, 1958) and fly larvae (Sarcophaga spp.)
(Beaver, 1973). Consequently, imminent mortality amongst soms

of the groupsd larvee may be a reasonable explanation of the

rather lower mean weights of the larvae rearsd in groups of six.

The total number of pupae resulting from these replicates, along
with the original numbers of second instar larvae are given in
table 5:6. From these figures the percentage mortality from the
second instar stege to pupation was calculated for each density
group. A positive correlation (p > 0.001) was found between the

larval rearing density and percentage mortality.

TABLE 5:6 Increase in percentage mortality with increases in

rearing density

Density group (larvae/pot)

1 2 4 &
Nos. ;f second inster
larvae at the beginning
of the trial 10 18 36 60
Nos. of pupae formed 8 14 19 19
% larval mortality from ,
second instar 10 ) 22 47 66

The results did not demonstrate any unequivocable density sffects
.on larval growth and pupal weight. Consequently, the effects of
density on larval growth {(or consumption) was not given sxplicit
consideration when designing the simulation program. However, we

suggest that an increase in the replicates of the trial, perhaps
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with larger pots and a greater range of densities, may demonstrate
density effects hitherto concealed, particularly if mixed age/sized

larvae were reared together.

.The mortality response indicated density dspendence. In the following

discussion on field mortality of S. littoralis larvae, density

¢ dependence is not considered, due to the incomplete, and sometimes
anecdotical nature of the available evidence. These data therefore
highlight the need for more field data on natural mortslity of the

pest at different levels of infestation.

5.(3)(d) Mortality

(1} Field mortality of S. littorglis larvae

Mortality of S. littoralis in lucerne fields in Cyprus has not been

dir@cfly measured. Howsver, work in Egypt (Bishara, 1934; Bey,
IQSIQ_ADUI-Nasr and Ali-Naguib, 1968; Abul-Nasr st al., 1972(c)),
suggests that field mortality of eggs. larvae and pupae is
extremely high, over 89% in many cases. If larval mortality in
Cypriot lucerne fields is significant, then accurate predictions
of damage from developing infestations will require soms assessment

of the population decline dus to natural factors.

It is probable that snvironmental factors, predation, parasitism
and viral and bacterial disease account for the majority of larval

deaths. OFf the environmental factors, temperature and wind are
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.

important mortality agents amongst egg masses and newly emefged
. larvae. Eggs laid on the upper side of leaves and exposed to
direct sunlight will be pgrticularly vulnerable, andthe hqtching
larvae, dévoid of the protection of th@'waxy-egg shell and hairy
fuzz deposited on the eggs by the moth, will socon perish from
dessication if they do not reach less exposed areas. The ability
| ';of these larvae to spin gossamer threads may assist in a move
downwards in the pasture, but losses of larvae into the air
currents are probably quite high. A speculative estimate of
the proportion of first inster larvae lost in this way is 20%

by dessication and 10% by wind dispersal (Ingram, pers. comm.).

Protracted hot or cold spells may cause significant mortality in
largér larvae. 'However, orientation by the larvas towards more
favourable microclimatic areas in the pasturs, probably reduces
to an unimportant level mortality due to the normal diurnal or
short term adverse temperature changes.

Humidity doss not seem to be an important environmental mortality
factor. Once again thers will be bshavioural responses by the
larvae away from areas of very high or very low relative humidity.
However, high humidity probably does have a role in exacerbating

dissase epidemics.

The results of a preliminary screening for arthropod predators of

S. littoralis larvae were reported in C.0.P.R. (1974). Thie list

of potential predators included eleven spgcies to which can be
added the larger larvae of other Lepidopterous insects such as

Heliothus sp. The main S. littoralis predator species in Egypt,

]
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as observed by Bishara (1934}, and Bsy (1951) were well represented
in lucerne fields in Cyprus. Species appsaring both in the predator
scresning list and in Egypt included ths adults and larvae o? the

ladybird Coccinella-1ll-puncata L and Laéewings (Chrysopida), carabid

beetles (Carabidae), ants (Hymenoptera) and spiders (Arachnida).
Although this comparison says nothing about the density of predators,
;th@ similarity of habitat, cultivation practice and distribution
of species, would suggest that mortality due to predators is in
the same order of magnitude in Cypriot and Egyptian lucerne fields.
Bishara (1934) estimated that 70% of the newly emerged larvae in
Egyptian lucerne were destroyed by predators by the end of the
first day, and 90% by the end of the second. Data collected by
Bey (1951) suggest 92% mortality by the third day. Sampling the
predators Bey concluded that irrigation increases kheir numbers
and high winds decrease them. Insecticide dusting and spraying
markedly reduced the numbers of all predator specises.
a .

One feature of arthropod predation which appeared constant in both
laborétory (C.0.P.R., 1974} and field studies (Bishara, 1834} was
that many predators were only capable of attacking the smaller
larvas, and those that destroyed the larger ones did sc at a rate
which was inversely related to the size of the larvas. For

instance, a number of medium sized spiders (Chiracanthium isiacum)

kept alive in the laboratory and supplied with larvae, each
destroyed on average 32 first instars, 9-12 sscond instars and
about 6 third instars (Ibid.). Bey (1951) suggested that under
the same conditions these spiders may destroy forty newly hatched

larvae to every one ninebdays old.



Conversely, some of the vertebrate predators such as frogs (Ranus
8p.), small mammals (Blarina sp. and Sorsx sp.), or migrant birds

such as warblers (Sylvinas sp.), flycatchers (Muscicopinae sp.],

or flocks of wagtails (Motacills sp.), were mainly predators of

larger larvae or pupae of S. littoralis. Of these, the migrant

birds were the most effective predators. They wers not as
intimately a part of the pasture ecosystem as the entomorphagous
arthropods and their effectiveness relied on an infestation being
sufficiently conspicuous to attract the attention of a passing
flock. This frequently occurred when an infested pasture was
harvested and the larvae were moving about in the field. The
author has'obsgrved a flock of wagtails congregating in & newly

cropped pasturs with a moderate infestation of S. littoralis

larvee. Subsequent examination (2-3 hours after harvest) detected
only @ low density of smaller larvae.

The predation rates we consider appropriate for Cyprus were
conservative estimates based on the Egyptian data. It was assumed
that arthropod predation was only effective in the first three
inetars and was negligible for larvae of fourth instar and above.
The rates from the first to sixth instars were estimated at 60%.,
40%, 10%, 1%, 0% and 0% of the instar pﬁpulation. Vertsbrats
predation was assessed at 99% of all instars above the fourth

if bird flocks discovered the infestation. For the purposes

of predicting damage, these flocks could not be relied upon,

and consequently the possibilities of vertebrate predation were

ignored in the subsequent damage simulation.

158
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Eight named parasite species have been reared from S. littoralis

larvae collected from lucerne fields in Cyprus (C.0.P.R., 1974).
Two families were represented: the Ichneumonidae and the
Braconidae. The most important species, sstimated both from the
numbers reared from collected larvae (Ingram, see Ibid., p.94]},
and numbers collected in the larval survey (section 5.(3)(a)),

was the Braconid: Chelonus inanitus (fig. 5:4). C. inanitus

is en sgg/larval parasite, the adults oviposit in the host’s

eggs and the resulting parasites are reared, and eventually

emerge from the host larvae. The host larvae appear to be
unaffected by the presence of the parasite and continue to feed
and grow apparently normally until the third instar stage when
they become torpid and retire to the grouhd {Gerling, 1968). From
the . damege viewp@int, it is this time of cessation of feeding that

is relevant, not the initial parasitisation.

Ingram’'s data (unpublished) showed a range of 0% to 65% parasitisation
for larvee collected in Cypriot lucerne fields and reared in the
laboratory. These figures were associated with. a mean (and mode) of
appr@ximat@ly.4@% parasitism. Since C. fnanitus is an egg/iarval
parasits, all larvee collected would have besn either paresitized

at the egg stage or have entirsly escapeﬂ parasitization by this
species. Consequently, the incidence of fisld parasitism by

C. inanitus could be assessed with fair accuracy. Howsver, other

parasites, notably the Ichneumonids such as Hyposoter didymator

Thunb. and Temeluchsa sp. were also prevalent in the field, and
these parasites oviposit into larvae. Sincs collected larvae
reared in the laboratory are isolated from further risk of parasit-

ization, Ingram's figures were probably an .underestimate of the
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t@ﬁal parasitism. With this in mind, the rates of parasitism per
instar {at the time of cessation of larval feeding), were
approximately estimated for first to sixth instars at 0%, 0%,

40%, 10%, 2% and 1% of the total population.

A mean of 4.3% of the field collected larvee died in culture from
either Nuclear Polyhydrous virus (N.P. virus) or bacterial disease.

In addition, up to 25% died from unknown causes (Ingram, pers. comm.].
The role of N.P. virus as a fisld mortality fector is obscure. The

susceptibility of S. littoralis to the disease has been demonstrated

(C.0.P.R., 1974, pp. 27-29), however, there appeared to be no
standard response to inoculation. In some casas laboratory
inoculation with N.P. virus at the second instar stage resulted
in normel larvae giving rise to adults that were either sterile
or produced non-viable eggs. Occasionally, eggs from such an
édult did hatch to produce larvae ‘that promptly died of &
congenital N.P. virus infection. Howsver, the trend for both
viral and bacterial disease in the reared larvae, was for late

instar mortality.

The deaths from unknown causes may have been a raesult of the
rearing conditions, and so it would be. injudicious to anticipate
similar mortalities in the field. However, it is aimost certain
that some were disease induced. in consultation with Ingram, the
natural mortality due to dissase, including N.P. virus,-was
estimated for first to sixth instars as 0%: 0%, 2%, 5%, 10%.,

10% of the total population.
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The estimates bf field mortalities given above, along with the total
instar rates were converted to daily rates and are given in table
6:3. The total mortality figures for the first instar to the last
instar are 71%, 40%, 52%, 16%, 12% and 11%. Assuming the larvae
spend two days in each instar, the cumulative mortality from
hatching to pupation is approximately 90%. When the activity of
perasites and predators is excluded, the cumula;ive mortality is
reduced to 45%. These rates were used as a measure of "typical’

mortality in the infestation model described in Chepter 6.

There has been no consideration of seasonal variation in these

rates. Intuitively we would expect a positive numeric;l responss

to infestations by parasites and predators, parti&ularly parasites,
and hence a general increase in natural mortality through the
ermyworm season (Holling, 1959). Ingram’s data on percentage
mortality in collected, laboratory reared larvae, showed a low

- level of parasitism and disease in larvae collected in July and
August. This was followed by a rpaid rise in parasitism to around
40% in September and Dctober, with a coincident rise in death from
disease and unknown causes over the same period. The decline in S.
exigua (a speciss also parasitized by C. inanitus), through the
months coversd by the crop pest inspsction survey, was associated
with a significant decline in the numbaers of adult parasites

sampléd, suggesting further that parasites respond numerically tb
their host population. Lowsr natural mortaiity rates might therefore
be expected for the first infestations in a particular area (assuming

no previous S. exigua infestations). However, the mortality estimates
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offered here are at any rate conservative and are not sufficiently
accuraée te justify any modification to allow for possible seasonal

changes.

(i1} The limitations of the mortality rates: soms

. ‘th@@retical caonsiderations

The '"typical' mortality rates for S. littoralis field infestations

that are estimated above are deficient in two major respects; firstly,
they do not account for the possibility of seasonal effects on
mortality, and secondly, they are assumed to be independent of

larval denéity. In order to discuss the implications of using

them in a simulation of pest damage, it is necessary to examine

them briefly.within the context of the current theoriss of

population, particularly arthropod pest population, mortality and
regulation. This discussion is also a necessary background to

later comments on the possible diseconomies of insecticide

treatment (7.(4)(c)).

Seasonal change brings about changes in factors which have been
shown to have an impact on pest populations. These include
temperature and humidity (Andrewartha, 1370), and also the state
of maturity and rate of growth of the host crop (Socuthwood and

Jepson, 1962). It has been stataed that S. littoralis larvae

occasionally fall prey to migrant birds whose occurrence is
markedly seasonal. Seasonal effects may also act indirectly to
‘affect mortality, for instance, weather changes may'cause

fluctuations in the density of entomorphageous arthropods.

The main limitation of the ‘typical’ mortality rates, howsver, lies
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in the fact that they do not operate in a pest density dependent
manner. It is p@ssiblé that density dependent mortality does not

operate on S. littoralis, however, one characteristic of mortelity

factors, particularly biological mortality factors, fhat is
repeatedly observed is their ability to regulete the numbers of

an animal to promote "a stsady density” (Nicholson; 1933; Nicholson
and Bailey, 1935). Such a regulatory role has been inferred for
parasites and predators when, in certain cases, there has bsen

& sudden removal of these fauna, whichhas resulted in a rapid
increase in prey numbers from persistently low densities to the

limits of their food supply (De Bach, 1958; 1965).

Holling (1958), has shown that small mammal predation of insect
pupae increases with increasing pupel density. This was due ‘to

an increase in the numbers of pupae eaten per predator (functional
gespwnsel and the numbers of predators present (numerical responsel.
These responses have been confirmed for other predators of pest
épecié§, For instance, Dixon (1970), has observed a numerical

(but not functional) response for Coccinellid predation of sycamore

aphids (Drepanosiphum phalanoides), and functional responses have

been observed for aphid parasites (Gilbert and Hughes, 1971).
Functional responses by predators in the field have been recorded

for bird predation on sawfly larvae (Acantholyda nemoralis)

ETinbérgen, 1960), and spruce budworm larvae (Choristoneura fumiferana)

{Mook, 1963). They have also been observed for predator'prey

populations in the laboratory. Those reported include spider

(Typhlodromus (T) occidentalis) predation on mite protonymphs

{Chant, 1861}, wolf spider (Pardosa vancouveri) predation on fruit
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flies (Hardman and Turnball, 1974}, mantid {Hierodula crassa)
predation on adult houseflies (Holling, 1965) and beetle (Acilius

semisulcatus} predation on mosquito larvae (Ibid.]).

A numerical response may be caused by an increase in fecundity
of predators with increasing prey population density. For
;instancea Lawton et al. (1975) cite examples of initially linear

fecundity responses for a Coccinellid (Coccinella undecimpunctata

aegyptiacal, an hemipteran (Podisus maculiventis) and & mite

(Typhlodromus oécidentelis], and also negatively accelerating

fecundity responses for a Coccinellid (Adalia decempuntatal, an

hemipteran (Notonecta undulata) and a mite (Phytoseuilus persimilis).

The numerical response may also be aided by a faster growth response
by predators to an increase in prey density (Ibid.), and by the
aggregative behaviour of predators to areas of high prey density
(Hassell, 1871; Hassell and May, 1974; Smith and Dawkins, 1871).
There is thersfore, good evidence from a range of taxonomic

groups and ecological niches that support the notion that

functional and numerical responses are a widespread if not

gensral phenomenon in biological mortality systems.

Due to inter- and intra-specific parasite and predator interference
(Watt, 1959; Hassell and Varley, 1869), and the possibility of
density effects on the prey which in turn may affect parasites
(P@d@ler, 1974}, any numerical response tends eventually to adopt

@& negatively accelerating form. Similarly, the functional response
becomes negatively accelerating as parasites and predators become
satiated, or develop time constraints to further predation and
parasitism (guch as tﬁe finite "handling time” of each predator

prey encounter (Varley and Edwards, 1857)).
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" The 'total response’ is an imperfectl summation of the functional
eand 6umerica1 responses, expressed as a mortality rate with
changing pest density. When the two constituent responses afe
negatively accelerating, the total response curve is peaked (for
diagrammatic illustrations see Holling, 1859, p. 317). The
implications of such a mortality system are that if the initial

;ascending phase of the total reaponée produces- a mortality
which is sufficient at some density of prey to equal the prsy
birth rate, the system is regulating, and tends to produce &
population which oscillates around an equilibrium level. If,
however, the prey population can establish itself at a density
beyond the peak (by the temporary removal of mortality agents
or large prey immigation),to an area on the declining curve which
results in a mortality rate below the birth rats, the population
will have escaped regulation. This may result in the type of

population explosions described by De Bach (1958, 1965).

It is clear that -the ’typical’ mortality rates éstimated for S.
littoralis larvae are not regulating in this manner. If they

did apply in the field they would result in irruptions of the pest
if the mortality rates were below the birth rate, or cause total
extinction if the mortality rates were above the birth rate. It
might be argued that the moth population dynamics as indicated

‘dn fig. 5:2 are consistent with an annual populatien irruption

of S. littoralis from low overwintering levels, and therefors

indicete density independent mortality. ‘However, it is necessary

1Imperfect since they are not independent. Dus to an increase in
interference, any numerical response will affect each predator or
parasite 8 functional response.

\
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to rec@gnizé regulation at a number of life history stages and what is of
particular interest in this study is the mephanism of larval

- mortality. Since there are generally more fields‘uninfested

than infested, a larval density dependent mechanism is not

inconsistent with a moth irruption as long as fewer moths aré

ovipositing on fields than emerging from them. A larval density

. dependent mortality system will‘eniy operate as a constraint

on the total speciss population when all available fislds

are receiving as many gravid females as they are prodUcing;

fig. 5:2 indicates that this did not occur in 1973,

The common occurrence, but low density of S. littoralis reported

in the survey (5.(3)(a)), coupled with a few instances of

- extremely dense infestation (5.(3)(b)) is consistent with the
‘Holling (1959) total response model if it is assumed that there is &
seignificant time delay (May et al., 1974) in the numerical

response. This is not difficult to envisage for parasites

such as C. inanitus (the major parasite species of S. littoralis

in 18722) which was not alwayes abundant when S. littoralis eggs

were laid. This parasite therefore requirsd one generation

(30 days, approximately the length of one lucerne growth cycle,
Vermes, 1967) to respond numerically (ignoring'thg possibility
.of minor local aggragations). Under these circumstances a total
' reéponse (in any particular lucerne growth cycle) will consist of

-a funotional response but without a significant numerical response.

Consequently, it is possible to interpret a dense infestation as

one in which the prey species (S. littoralis larvae) has escaped

control by lerge scals immigratibn (moth egg laying). Conversely,
the frequently obssrved low prey densities may be a result of
- moderate infestations being controlled in a density dependent manner

by the functional responss of the existing parasités and predators.



SUMMARY - CHAPTER 5

- The taxocnomy, life cycle and behaviour ofthe Noctuid pest Se
littoralis is outlined and illustrations of the immature.and

mature forms given.

. The results of a pest survey of commercial lucerne fields ars

described which indicate a low incidence of S. littoralis larvae

in 1872. Some observations of economic infestations occurring

in 1373 are reproduced which show that small post-harvest rgsidual_

populations of larvae may cause serious suppression of lucerne
regrowth, and alsc that economic demage can be caused by larvae

invading edjacent plots.

'Laborat@ry feeding trials using lucerne leaflets.as & food source
showed a positive response in growth end consumption by the larvae
with increases in temperature, At both trial temperatures an
exponential increase in growth and consumption occurred for
developing larvae until the final instar. Some preliminary
investigations into the effsqﬁs of rearing density on larval
growth and mortality are described. These did not show

& significant grow@h/density relationship, but did indicate
density despendent mortality. Cumulative larval field moftality
under normal conditions is estimated provisionally at over 90%.
Some discussion is made of these rates and their implicationé
within the context of the current theories of population

regulation.
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CHAPTER 6

Crop and pest interaction: the damage function incorporated into a

computer simulation

6.(1) Introduction

It was suggested in Chapter 1 that the pest &amage function - &
necsessary input to any economic appraisal of pest loss and control .
. investment - is frequéntly complicated by the non-linsar and
interacting nature of its cqmposite variables. It was subssquently
shown that armyworm is a case in point, with the growth of the

pest host crop lucerne (3.(2)}(c)), the growth and consumpticn
patterns of the larvae (5.(3)(c)]} ;nd the natural mortality of
their populations (5.(3)(d)), all being important interacting
factors requiring consideration before any meaningful prediction

of damage can be mads.

In this chapter, much of the data presented eariier is drawn
together and incorporsted into & computer program that attempts

to simulate a damage function of S. littoralis infestations on

lucerne. There were two primary aims in constructing the program.
Cne was to make explicit some implications of the work on the crop
and the pest (much of which did not come directly from observations
on fisld infastati@ns, but from laboratory trials and exparimentalb
¥ield plote), by testing & wide range in values for the input
yariables; @ method too time consuming and costly by field studies

alone. Secondly, the model was to provide & technique for damage
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prediction, which being based on a few'aasily measured fisld
varisblas, would be a practical tocol for pest control agencies
in Cyprus. Finally, it was hoped that the modsl Qould indicats
the sensitivity of variablesvwhich could be manipulated, or
focus attention on areas requiring further study.

6.({2) A description of the simulation and the functions it contains

The infestation simuletion is incorporated iﬁto a FERTRAN (McCracken,
1865) coébuter.program, This computes the crop yiéld'resulting'$rom_
two apposing processes: the growth of lucerne leaves in a pasturs,
and the consumption of thos; leaves by infesting larvae. No reliab;e
data is available on the normal incidence or severity of infestations
(5.(3)(a), therefore the model is'designed only to estimate crop
damage from an infestation of measursed density. Consequently,
predictions are confined to the single infestation from which the

computer input veriables wers obtained.

The total amount of lucerne leaf available is derived from a
function expressing the lucerne growth data given in Appendix 3.3.
Given the number of days since harvest, the amount of lucerne lsaf

in Im% of pasturs can be calculated (equatiom 6:1]).

87

=0.31t2l 6:1

2 -

Ory wt. in g.-of lucerne lsaf (W
(1+86.e

)

where: tz = time in days since the last harvest (lucsrne
equivalent tims)

e = the base of the natural logarithms
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The simulation establishes both the amount of lucerne leaf and the
maturity (in days since harvest) of the stand at the beginning of
. the infestation. During a simulated infestation, the larval
consumption reduces the leaf available to below that expected
éftar.@ given numﬁer of post-harvest days regrowth. Injury
compehsating growth by the pasture is assumed to occur at the

same rate as post-harvest regrowth. Consequently, two ssparate
time variables are used: the absolute time tl” andthe lucerns
equivalent time tz which is generated from ﬁhe amoﬁnt.of'lucerne

remaining after consumption. t. is derived from eduation 6:2

2
which is substituted from equation 6:1.

ese@wz
Lucerne equivalent time (tzl. = log, ﬁi;jiq;zl 822
. 0.31

.

The numbers of larvae in the simulated infestation is a function
of the original larval density, less the numbers maturing out of
the system to pupate, the mortality from all causes and also the
numbérs that have dispersed due to food shortage.

The eriginal larval population is entered into the program as
the mean number of larvae in each of the *instar® groups present
in lm? of lucerne pasturs. The classification of instar groups

for real larvae during fleld sampling.was not accurate, sincs
instars cen only be identified with any true precision by the
measurement of nondistensible parts such as the hsad capsule
(table 5:1), and only approximately by general body size, markings

and behaviour. In order to standardize the estimation of instars,
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laboratory tultured larvae were visually allocated to an 'instar'1

group and then weighed. The results of the weighings formed the
Abasis of the six 'instars' used in the simulation: In drawing
the weight boundaries between ‘'instars’ due regard was given to.
the range of the original weighings by establishing an equal
numper of standard deviation units between any two adjacent.
*instar' groups. The results of the weighings. and the ‘instar’

weight boundaries are given in Table 6:1.

The infestation density for the simulation input is determined
by field sampling, and is entered as the mean number of larvae
in each ‘'instar’ found within lm? of pasture. In the program,
@ach larva is assjigned a random weight within the limits of its
*instar’ group. It then grows at fhg rate determined as the
mean growth for larvae reared at 24-26°C under laboratory
conditions (5.(3)(c). This function in the program is an
expression of the relationship between the number of days since
hatching, and the li;eueight in grams of the larvae. Initially,
larval maturity in days since hatching ﬁlué ons day's simulated
growth (gg. is determined for each of the larvas from their

“

random waights(wh):

’ i 2
Age of larva in days since hatching (tO} = 1+3.4091+1.1095x+0.4461x

where: x = 10310 10,000 wh - 6:3

Once the age of sach larva is established on infestation day + 1
their corresponding weight on infestation day ¢ 1 is estimated from

the growth equation (6:4) substituted from (6:3).

1Hhen these approximate instar groups are referred to, use of inverted
Commas (‘instars’) indicates that they are the allocatad rather than
the actual groups. _
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TABLE 6:1 Weight boundaries of 'instar' groups

0.6199

NI
Sample Mean (X) wt. Standard Lower 8. units Upper 8. units
"Instaxr' size of finstar' Deviation(s) Limit below ¥ Limit above X
1 et = = OcOOOl « 0»0021 1050
T2 18 0.0091 0.00k7 0.0021 = 0.0159 1.45
.3 67 0.0540 0.0264 0.0159 1.5 . 0,101k 1.81
L 63 0.2223 096670 0.101Lk 1.81 0.2991 1.1%
5 5l 0.k681 0.1479 0.2991 1.1% 0.6199 1.02
6 b2 0.8340 0.2100 1.02 1.2000 To zero

c@nsumptig{i
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42:581(/(1.7842t -4.8516) - 1.1095

Liveweight of larva in g (W) =
10,000

By the use of these two equationslthe 'age® and 'weight’ of the

simulated larvae 1s estimated on infsstation day + n.

Simulated lafval mortality is a random event, the probability of
which is set by the mortality rates specifiéd for any particular ‘
*instar’. A facility for increasing mortality to 100% for a
specified ahsolute time is included so thet fast acting control

treatments such as insecticide spraying cen be simulated.

The amount of lucerne leaf that a simulated larva requirss is
estimated from a function relating larval weight in grams, to
grams dry weight of lucerne leaf consumed per day. This function
is derived from data on lucerne consumption by larvae reared in

the laboratorv at ZQ-ZSEC (5.03)(ec)).

Both the growth and consumption rates of the larvae showed an
increase and subsequent decl}ne through the larval peried. A
function directly combining the two would therefore be ambiguous
since for some of the larval weights there would be two possible
equivalent cornsumptions: one befors the maximum weight achieved

and one after the maximum. To avoid this confusion, the data on

Equation 5:1 in the text of Chapter 5 is not used for two reasons.
Firstly, the log.,., growth phase is not continuocus for the full range of
larval weights, and secondly, the growth data had to bs transformed
" 80 that the consumption function could be more sasily incorporated

into the program. ’
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growth is t}ansformed, Any reductions in larval weight were recorded
as positive additions to the highest actual larval weight. . This
resulted in a continuously ascending larval weight/time functioﬁ.
When the liveweights thus transformed are plotted against the
corresﬁ@nding consumption data a parabolic relationship results

(fig. 6:1). From this the consumption function was calculated.

In order to describe the whole of fig. 6:1 four separate expressions
are ussed. A polynomial regression equationwasfitted_féf the first
curvilinear phass (larvae < 0.4g. livewsight) usiné c@ngumptiun‘data :
transformed teo loglma Larvae falling beyond this point arse divided
into three groups and their consumption demands estimaﬁed from two
linear regressions using linear consumption and liveweight data,

and a.third linear function derived from a line drawn by eye (the
points wers so scattered in this area that'a least squares fit

would not have been useful). The full equations as they are used

in the program are given in Table 5:2.

TABLE 6:2 The consumption function.

Area of Curve " Co (Consumption in g. dry weight

in fig. 6:l Wog " lucerne leaf consumed/day)
(1) 0.0001-0.4g  x = log, 10,000 W,
2

y = -87.8373+125.441x-65.2327x
+14.8246x3-1.2608x%

wheres )
- Qtz,aozeyl
10,000

Co
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TABLE 6:2 (Continued)}

(2) 0.4-0.7g Co = 0.29 w&-o.oae 6:8
(3) 0.7-0.95g Co = -0.3 W\+0.375 6:9
(4) 0.95g Co = -0.360 W, +0.432 6:10

Equation 6:10 and fig. 6:1 show that there is zero consumption for
larvae weighing 1.2g. When larvas davelop to this stage, they exit

from the system and are recorded as 'pupas’.

In a situation where the total consumption demanded by the simulated
infestation is in excess of the amount of leaf available (a consumption
demend deficit), some larvae disperse to reduce consumption demand to

@ level commensurate with the supply-. ‘It‘has been indicated {5.(3) (b)),
that larvae in different instar groups will vary iﬁ their propensity

to disperse. In the program, the probability of a larva dispersing

in a situation of consumption demand deficit is determined by the

s8ize of that deficit and the intrinsic dispersal propensity of ths
*instar’' group to which it belongs. |

The'program calculateg thé numbers dispersing from each ’instar’

group by applying the following scheme:

Let:
Ni = Numbers of larvae in sach "instar’
Ni(o) = Numbers of larvae in sach "instar’ before

dispersal



181

04

2
§
]
<4
Q
v
3
c
2
>
=

wt. lucerne leat
(@)
o0

Fig.6:1 Larval consumption and modified liveweight datg, measured at 24-26C.

, ﬂ@%@caie )

p
S D D i D D G D S S R W= S G anaﬁﬁﬁﬁ—ﬁc&

e &

o3 ©4 ©O§5 06 077

Modified larval weight {g),

X"

0-9




182

Ni(1) = Numbers of larvae in each 'instar’ after dispersal
D” (1} = Propensity for 'instar® (1) individuals to disperse
W (1) = Leaf remaining after consumption
W (o) = Consumption demanded by INi(o)
C (1) = Consumption/larva in 'instar' (1)
- Di = Proportion of Ni(o) that disperse to lesave Ni(1)
D6 = Total proportion of INi(o) that disperse
If:
' Ni(o)-(Ni(1)
) = B
b1 Ni(o) 1
D4 = @’(13.@6 - © B:l12
Ni{1) = Ni(o]-@si’(i).Ni(ol 6:13
wle) = C(1).Ni(o) | © B:14
Wil = C(1).Ni{0)-DgIC(1) .Ni(0}.D (1) - §:15
then
o . Wlo)-w(1) .
Og TC(17.0 (1).Ni(o) | B:16

D° (1) is given in the program and from 6:11 the proportion of any

*instar’ that is required to disperse (Di) is calculated.

The timing of the infestation is set by a specification of ths

1 When t = tl

the infestation larval density, as specified by the data input

*infestation day' (t) in terms of absolute time t

begins to consume an undemaged crop. Hence, the simulatien ignores

any damage prior to the time when the sctual population was sampled.
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On day t1=§a the lucerne leaf is reduced to that amount existing
on ti=0, thus simulating & crop harvest. The program then
continues until the crop yield is at its maturation level

W,5 Bs.g/m;2 end then stops. It is necessary to monitor two
growth cycles of the lucerne so that the effects of an
infestation occurring late in a crop grpwth cycle can be
properly assessed by the inclusion of damege caussed by an

after cropping rasidual population of larvae.

"The program is rerun with the seme date according to the number
of iterations (Yl‘specifieg in the data input. A number of
output samples are required since aomé of the events in the
simulation ars determined randomly. such as the initial
allocation of larval weights, or are probabilistic svents

such as mortality.
A simplified flow-diagram of the program is giéen in fig. 6:2.

| B.(3)  The inputs and output of the simulation program

The fisld data required for the simulation are the numbers of
larvae/m? in sach of the 'instar’ groups, and the maturity of
the lucerne stand in days since 1ast‘harvest. In.eddition,

the program requires the specification of the number of reruns
(iterations) with the same data, and Qhether pest control is
to be simulated and if sc on which day. For flexibility, the
mortality rates per'instar’ and the dispersal propensity ratiocs
are also entered as data, although reasonable 'standard input’

values for these are given below.
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The program output prints the input variables and then a list
of deily events including the absolute time, the corresponding
amount of lucerne leaf in g. dry wt./mga the totél larval
consumption, the larval population by ’insta}’ and the numbers
of larvae either pupated, dead or dispersed. A sample of output

is given in Appendix 6:2.

Two damage components can be recognized from the output: the
_loss of stem yleld and the loss of 1eaf'yieid. It.has’been

shown (3.(2)(c)) that leaves and stems have diffefené nutritional
qualities. C@nsaquehtly, for a given level of totsal démage (i.8.
leaf + stem damage) there ére a range of loss values cnrresp@nding_
to the range of possible proportions of total damsge that may be
attributed to leaf loss. Hence, important differences in losses
may be concealed, such as when the total damage resulting from
infestations occurring early and late in a pasture growth cycle
are compared. In instances following a late infestation, a
moderate total damage figure may result from an abundance of
mature, but defoliated stems. It would be misleading to equate
such a yield with & rapidly growing leafy and semi-mature
pasture emerging from early injury and giving the same yield

on the scheduled harvest date. Since there is no single leaf:
stem value ratioc that may be determined as being an appropriate
.reflection of farmers’ prefsrences for leaves rather than stems
@8 a fodder source (3.(2)(e)), it is not possible unequivocably
to express total loss in terms of total damage. Consequently,

leaf and stem damage are given separately.

From the program output, the total larval consumption is taken to

represent injury due to larvae, the difference between expected and
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actual leaf yield at harvest (both harvests - days 27 and 55 - 1if
there is a carry-over population]) is taken as leaf damage, and
" the difference between the expected leaf yield at harvest and
the highest lsaf yiesld simulated duriné the growth cycle is
taken to represent stem damage. Stem damage 1§ calculated on
this basis because of the assumed 1:1 ratio between leaves and
stems during the growth cycle (3.(2)(cl). Also on the further
assumption that stem growth is equal to leaf growth until injury
reduces leaf weight to below stem weight, in the event of which
stem growth is halted until the leaves are rsstorsd to a lsvel
equal to the stems. fhe mean values for lsaf and stem damage
calculated from the results of each program rerun are printed

in the output.

6.(4) Input values tested

Infestations have been reported occurring during mbst stages in
the growth cycle of lucerne, and with a wide range of larval
densitles. Similariya fields in different localities on the
island, or those subject to different cultivation regimes, may
vary in their natural faunal wealth resulting in'a range of
larval mortality rates. Tha}e is tﬁarafore no standard
infestation. However, from the fisld data it is possible to
indicate "typical’ valuse for the inputs. By testing a range
around these values and by keeping all the other inputs
constant, an assessment was made of the impoétance of
variations in the input factors in terms of their overall

impact on simulated injury and damage.

As many as 1;000 larvae/m? have Baen observed in armyworm
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infestations of lucerne. A range of larval densities from
. 30-1,350 larvae/m? in the proportion of 1:2 first to second

*instar’' was tested.

The timing of the infestation is specified in terms of crop
maturity. Hence, the infestation day is the lucerne equivalent
time Etzl on which the larvae were sampled. Thers is evidence

that S. littoralis moths are attracted to oviposit on freshly

irrigated lucerne fS.(Zl). If the first irrigation occurs
2-3 days efter harvest, and the second 10 days later, there
would appear to be two periods of high susceptibility: days
3-6 and 13-16. Egg laying on these dates would result in
populations of second instar larvee on d;ya 8-11 and 18-21
respectively. If the farmer harvests his lucerne cn day 27
any infestations following the second irrigation will be
disrupted. However, the sarly infestations have sufficient
time to develop to maturity before the scheduled harvest.
B@nséquently, day 9 was taken as the typicél day for the
appearance of first and sscond instars. However, other
posaible timings from the earliest (tz-ll to the latest

ttz-zzz were also tested.

‘It ie stated in 5.(3)(d) that the overall mortality from the

eggs to the adults of S. littoralis in lucerne fields is probably

very high snd to exclude this factor from‘thc simulation would

reault in over-pessimistic sstimates of crep injury and demage.
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Table 6:3 is a summary of the conservative estimates of field

mortality for S. littoralis larvae made in the previous chapter.

~ These have been converted to give daily mortality rates [aésuming

two days/'instar') and are offered as 'typical®’ values for field

mortality amongst armyworm in Cypriot lucerne fields.

A cumulative mortality for the total larval period is calcuiated

from the daily rates.

TABLE 6:3 Some estimates of the °"typical' daily mortality ratses

in field infestations of Ss }g;;g;g;;g larvae

Rates expressed as fractions of
each 'instar’ group/day

Cumulative Mortality
(2 days in each

Mortality Factor 1 2 3 4 5 8 *instar’)
Wind Dispersel’ |o.0sfo o jo o |o

Dessication® 0.10 |o 0 0 0 0

Parasitism 0 0 0.20 |0.051 0.01 {0

Predation

(a) Arthropods 0.30 {0.20 |0.05 |0 0

(b) Birds 0.99 +~ 0.

Disease 0 0 0.01 {0.02{ 0.05]0.05

TOTAL FOR EACH

INSTARZ 0.35 {0.20 |0.26 |0.08| 0.06 | 0.05 0.90

In sddition to these values, the effect of changes in the mortality

rates on simulated injury and demage Qes estimated using the rates

given in table AB:1(3).

lTheaa'mortality factors will probably operate soon after hatching,
consequently, predation is 0.3 of the surviving first *instars’.

2
OCCUrTBNCce.

Bird predation counted at zero since it is of intermittent
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Field observations show that armyworm larvae disperse or

_ disappear from recently defoliated or cropped pasture to lgave a
small residual population coﬁp@sed mainly of the smallsr larvae.
from the original population (Chapter 5). Population counts
before and after dispersal (table 5:3),were used to calculate
factors expressing the change in the proportions of each ‘instar’

through & dispersal situation.

Since it 1s likely that the dispersal effect is independent of
field size (5,(3J(bi), it is not necessary to defins the field
boundaries of a particular infestation under consideration. The
assumption that the infestation can be modelled in the form

of lm% samples wastherefore retained.

There is no data for first instar larvas, but it is assumed that
they ars of extremely low mobility and further, that none would
have dispersed if they had been present in the population recorded
in table 5:3. Using the date from that table, a measure of the
relative dispersal propensity of each 'instar’ is derived from
reciprocals of their proportionate survival through a dispersal

situation'(Tabls 8:4).

TABLE 6;4 Changes in ‘'instar’ populations through dispersal and

the relative dispersal propensities for each ‘instar’

"Instar’ Groupe
(1)  (2) (3) (4) (5) (6)

Larvas/m> before dispersal -  502.4 380.4 43.6 24.0 9.2
Larvae/m. after dispersal - 149.4 100.8 ~ 1.2 0.4 0.4
Proportion remaining (A) . 1 '0.2874 0.2797 0.0275 0.0167 0.0435
Relative dispersal prop- .

1 3 4 36 80 23

ensity ( % )
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These ratios are the best proxy values, given the paucity of data, -
however, the sensitivity of damage estimates to changes in these
values was tested. This was done by applying a range of values

from those favouring early ‘instar’ dispersal, through equal ’'instar’
dispersal propensity, to ratios causing a preferential dispersal of

the later "instars’'.

It has been stated that the program wil; reduce the larval
population to zero on a.specified day, thus simulating pest
control treatment. The simulated injury and damage from an
infestation controlled at progressively later intervals of
infestation is given in table A6:1(S5). The specificati@n for
ne econtrol is 0,0, and for control it is 1,n, where n is the
number of days after the infestation day‘when the control

treatment is to be applied (n can be 0).

The program is rerun a specified number of times with the same
data.. For the purposes of estimating the trends in the
sensitivity analysis, 3 iterations were specified, however,
for a reliable mean value of simulated injury and demege from

a single set of input data, 5 or mors itsrations are recuwmandedal

- Having discussed thandaté inphtsafTabli 6:5 is presented which
shows the form and order of a set of typical data input cards.

Each set of variables is printed on a separate card ﬁaginning

lTuia source of variability in the program output cannot be used in

a wider context for field prediction unless soms @etimate of the
extent of the infested area is given. Clearly, the smaller the
erea the more susceptible it is to a °‘random drift’ in demags.

Y

teir ity
R G



in column one.

is described in Chapter 8.
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The purpose of the two indicator flags on card 2

For the moment, it is only necessary to

state that for the routine under consideration they need to be

set to zero.

TABLE 6:5 Set of sample date input for damqgg simulation

1

read in a different
set of data

Card . Program Real® Representative
number Type of data variables or integer valuss
(1) Instruction to start & RUN
reading datae .
(2} Indicators for schemes L Flag, ET integers 0.0,
described in Chapter 8 Flag
(3) Larval density by N inﬁegers 100,200,100,
*instar' in larvae/ 0.0,0,
me
(4) Infestation day T integer g,
(s) Iterations Y integer 5,
(6} Dispersal ratios by (1] integers 1,3,4,36,60,23
'instar’
(7) Daily mortality rate M real 0.35,0.20,0.26,
: by 'instar’ ' 0.08,0.06,0.05
(8} Control: specification KKK integers 0.0,
(yes or no) and timing
(9) Instruction to end or & RUN or & END

*Real numbers contain decimel points,- see McCracken, 1865.

8.(5)

. ..,
- .

In the following éubsections; the eimuleted résponse of injury and

Program control and data and
computers.
ICL 1430 computer.

O

input will be different when using other
Pormat shown here wus_compatible with Stirling University's

oty
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leaf damage to a range of different values in single input

variables are shown separately, in graphical form, for each

of the input variables. It must bs emphasized that thess two

dimensional representations are likely to be misleading if
seen in isolation, and that the main value of the simulation
lies in its ability to express the total effeqt of a number
of changing inputs,' However, it is useful to establish the
characteristic effects @? the various inputs so that thgir
contribution to damage or possible centéol can be_assessed.
Leaf and stem damage were not combined to give a total damage
plot in these figures for reasons given above (6.(3)}. A
further reason was that such combined representations would
have served to obscure the direct effects of the variables
on leaf damage. Since leaf damage was, f?om the loss point
of view, the most significant damage component, and-since
simulafed stem damage was directly derived from leaf damage.
only the latter are-shown in the results. Howsver, mention

is made of the stem damesge response to each of the variables.

8.(5)(a) The simulated sffect of larval density on injury and

damage

. Fig. 6:3 shows the simulated relationship betwsen injury and lsaf
damage with changes in larval density: Table ABsl(l]) gives the

values of the other input variables and records the mean injury

and damage estimates from the output.

Injury is & linear function of larval density until a leat
consumption demand deficit situation occurs. In this svent,

some of the larvas disperse sccording to the scheme described
]

192
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above. At those larval densities where the demand deficit
first appears (B600-650 larvae/m?) there is a fairly rapid
decline in injury, -this trend diminishes with further larval

density increases.

The initial linear increase in injury with lerval density is
explicable by the constant 'instar®’ proportions and growth and
mortality rates within tﬁe population a? each denaity,4,The
decline in injury after-a larval dispersal situation is due
to the interaction of larvsl consumption with the regensrative

properties of the lucerne.

In & consumption demand deficit situation, all the existing
leaf has been consumed. The simulated cfgp then produces an
estimated lg. dry wte. leaf/m?/day from crown buds. The total
consumption of a population undergoing dispersal will thus be
equal to that quantity of lucerne that was consumed prior to
the demand deficit situation, plus approximately lg./day for
as long as the residual population survives in the pasture.
The denser an infestation id_a demand deficit situation,

the smaller will be the figure for injury since dispersal
occurs sgoner, leaving the residual laryae to survive on the
- small amount of regeneration from a totally déféliated ﬁtand.
Hence, the minimum value that injury will reach in this
declining phase is attained when the population disperses on
the first day of effective infestation. In this situation,
the total injury will be the amount available on the infestation

day plus the daily regsneration of lesaf consumed by the residual



Fig. 6:3 Simulated effect of changes in larval densitx on

injury & leaf damage.
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population. In fig. 6:3 the infestation occurs on day 8 when
13.0g./m? of leaf is available. It lasts for epproximately
12 days. Assuming DJD-l.Dg./mg daily consumption after
dispersal on day 8, the total consumption will be 24,03./m%;

This injury occurs for a larval density of approximately

1,400 larvae/m%.

The other plet in fig. 6:3 indicates the simulated relationship
between leaf damage and the larval density. This is curvilinear
'ih form sharply ascending at the point where larval densities
excesd 50©/m%, Damage reaches a peak of 64% lgaf loss just

prior to those densities causing dispersal.

. The leaf damage relationship is a result of the balance between
the timing and size of larval consumption demands, and the leaf
growth of the lucerne. With low larval densitigs the leaf

loss is negligible by harvest time since the small total
c@nsumptiwn demands are occurring in the rapid growth phase

of the lucerne (days 10-20 normally), and compensation by

the crop is sufficient to overcome this early injury. .However,
as consumption increasaes the daﬁage increases disproportionately,
since the amount of leaf taken relsgetes the lucafne compensation
rate further towards the slower growth area. At that particular
larval density where consumption demands squal the total leaf

. available on the last day of the infestation, lsaf damage will

be at its maximum.l Greater larvel densities than this causs

lAt this density, the leaf will be reduced to zero on day 21

(infestation day 9 plus 12 infestation days), and has only
7 daye recovery growth resulting in a yield of 8g./m¢ leaf

at harvest. . .
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dispersion before the last day of infestation, and there is
likely to be a small amount of leaf on dey 21 giVing rise'to :
a higher yield at harvest. A second riae in leaf damage occurs
when there are sufficient early 'instar' larvas maturing to

cause a double dispersion during one infestation.

Stem damage rises with increases in larval density uﬁtil there
are sufficient larvae present to reduce the quantity of leaf
to a level below that existing on the day of infestation for
the duretion éf the infestation. When this occurs stem damage'
remains constant for all further increases in larval density.
However, stem damage is ultimately controlled by iﬁfestation

timing (6.(5)(b)).

6.(5)(p) The simulated effect of infestation timing on_damage
and injury

Teble A6:1(2) records the simulated effect that a change in the
time of infestation has on injury and leaf damage. Fige. 6:4

is a graphical illustration‘af these results.

With very early infestations, a situation of consumption demand
" deficit occurs. The earlier in the lucerne growth cycle that
this occura, the smaller the amount oé lgaf aveilable and the

greater the dispersal.

When the total consumption demands are met by the lucernse, crop

196



injury maintains a constant value for all subsequent timings
. until day 19. The decline in injury after day 19 is due
to the disruption and dispersal of the population caused by

the first cropping of the lucerne on day 28.1

Leaf damage relates less obviously with infestation timing.

In fig. 6:4 there is an initial ascending phase of increased
damage with later infestations; and then a rapid decline until
around day 4-5. There is then a slow increase in leaf damage
with subsequently later infestations, until a further decline

and following rise is indicated.

The initial increasing phase of damage sgown in fig. 6:4
continues until day 3 end is & re;uit of the suppression

of lucerne regrowth by the larval population. The later
the suppression continues, the greater will be the damags.
The peak is achieved at the margin where sufficient larvas
~ exist to reduce the available leaf to zero At the latest
1nfeatatiaﬁ timing. Beyond this point the balance moves in

favour of the lucerne. "

In the descending damage phase (day 3 to day 7}, there is a
reduction in leaf damage, since the leaf remaining after
consumption is contributing to production. The very sharp

decline in damage in this phase is dus to the rapid increase

lsiven the definition of injury as totalilarval consumption,

there is no inconsistency about.future events affecting injury.
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Fig 6:4 Simulated effect of changes in_infestation timing
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in lucerne leaf surplus with later infestation timings. Even
. a small surplus is sufficient to by-pass the slow growth stage

in regeneration which is incurred by dispersal capacity infestat-

ions.

This trend is complete in the middle phase (days 8-18), where
there is sufficient leaf surplus for compengation to occur at
the rapid rate. In this phase,lthers is a gradual rise in
losses with later infestatiéns, this is because the lucerne
although growing at the repid rate is given less time for

compensation before harvest.

At infestation timings later than day la.fhere is & residual
population of larvae left after the first cropping and this
affects the second lucerne growth cycle. The total demage
due to infestations occurring subsequent to this time
therefore includes damage to both the first and the second

~ lucerne cropping. The separate, and total leaf damage
figures are given in the tables and shown in fig. 6:4.

The decline in the leaf damage estimates for the first
crepping during this stage, is non-linear. Thie is the
result AF two effects: Firstly, thers is the non-linear
compensatory growth by the lucerne, and secondly, infestations
are disrupted at progrsesively earlier ateges, whén their

consumption capacity is not fully devsloped.
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The 1ncrsa;es in the total leaf damage estimates in this area
are lergely a result of the suppression of regrowth of the
second lucerne growth cycle. This follows the same pattern
as an early infestation in tﬁe first growth cycle, but the
relationship is somewhat masked by the declining first

cropping damage.

Simulated stem damage under circumstances of changing infestation
timing is never more than the difference'between the e#isting
amount of stem on the first infestation day and the expected
yield at harvest. It may be less than this duehtn compensation
by the leaves, in which case leaf and stem damege are equal,

but since stems are not attacked they must be as well

represented after an infestation as before it.

B.(5) (e} The simulated effect of changing mortality rate on

injury and. damage

Increasses in the severity of an endemic disease, or the numbers
of mortality agents such as parasites or predators, result in

a disproportionate increase in total overall mortality. This

is because a unit increase in mortality affects sach ’instar’.
This relationship is shown in fig. 6.5(a) (detas table AB:1(3)).
| The limitations of these rates a8 approximations of the field

conditions have been discussed (5.(3)(d)).

Since, for & given age distribution in the larval population the
total consumption demand is a direct function of numbers, a

similar relationship is manifested in fig. 6:5(b): the simulated

200
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Figs. 6:5(a) s(b) Effect on cumulative total mortality s simulated

effect on injury & leaf damaqge caused by

changing instar mortality rates.
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effect of changses in mortality rate on injury.

The simulated relationship befween leaf damage and changes
in larval mortality is also of this form (fig. 6:5(b)}.
However, lsaf loss at harvest is sensitive to other factors
such as infestation timing, and the curve may take a variety

of forms depending on the values of the-other inputs.
The response of stem damage to changes in larval mortality
rates 1s as in the case of leaf damage, similar to the

response to larval density changes.

6.(8)(d) The simulated effect ofﬁchangiﬁg the larval instar

dispersal ratios on injury and damage

The simulated effect of a change in dispersal ratios is shown
in fig. 6:6 (data: L table A6:1(4)). Also shown in this figure
is the mean infestation time period and the mesn number of
larvee dispersing from infestations identical except for

different dispersal properties.

A residual population of late °instar’ larvas will pupate out of
the sysﬁem soonser than an equivalent population of sarly '"instar’
larvas. Thsrefore, the effect of changing the dispersal ratios
from favouring early 'instar® dispersal to later ‘instar’
diepersal is to extend the infestation period. An incrsase

in the infestation period in & situetion of consumption demand



Fig. 6:6 Simulated effect of changes in instar dispersal propensity on injury, damage, infestation period
& total number of dispersed larvae.
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deficit has only a slight effect on 1hJury since the amount

of lucerne generated for the extra days is small (1.0g,/m%/day].
However, the extra days suppression of regrowth has a marked
effect on the leaf damage which rises rapidly when dispersion

ratios move in favour of later 'instars’.

The extension of the infestation period is limited to the length
of a normal period during which no dispersal occurs, this is
approximately 12 days. -The introduction of & small bias in

the dispsersal ratios, favouring late 'instar’ disbersal, causes
the infestation period to incresse rapidly towards thia
limiting value. Thus, & change from a small bias towards

early 'instar' dispersal (ratio 2:1 bstween first and ldst
*instar’ dispersal), to a small bias favouring late 'instar’
dispersal {1:2 ratiol), is sufficient to réise the infestation
period from a mean of 4.8 days to a mean of 10.8 days, with
resulting large increases in leaf damage estimates. However,
increasing this bias over one hundred times (ratio 1:256),
incréases the period by only a further meen of 1 day, with

correspondingly small increases in damage.

~ As in previous examples, the response of stem damage to changes
in dispersal ratios is governed by infestation timing. In early
infestations when very little stem is present the response 1s as

of leaf damage.

Since in a consumption demand deficit situation more smaller

204



205

larvae are‘required to disperse than lérger ones, a tendency
towards later 'instar’' dispersal results in a reduced total

number of larvae dispersing.

The ihplication of these results is that once & marked bias
favouring later 'instar' dispersal has besn demonstrated for
lervae in the field, further observations to establish an
accurate quantitative expression for this, will not greatly
increase the accuracy of prediction. THis illustrgtes'dne
important role of modelling techniques when dealihg with

complex ecological problems. They may, as in this case, justify
excluding a considerable amount of field work from the research

programme.
6.(5)(e) The simulated effect of timing of control application

on injury and damage

Table AG6:1(S) and fig. 6:7 show the simulated injury and damage
caused by larval populations of 450 larvae/m% controlled at

increasing time after infestation.

The injury response illustrates the rising consumption demand of
a growing infestation. This rise does not follow the consumption

pattern of en individual larva since the total population is

~ constantly being reduced by mortality.

The simulated lsaf damage shows a much less marked response,
but damage is affected grossly by other factors and a charﬁcter-
istic curve for relationship cannot be drawn without specification

of some other variables.
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8.(6) Simulation of observed infestations

An advantage of using simulation techniques is that they can be
operated with actual field data as inputs, and the simulated
results compared with the observed eones. If repeated for a
sufficient variety of field conditions, these comparisons can
form a basis for estimating the confidence limits of any action

based on predictions by the simulationql

In this study, the low incidence of armyworm infestations in the
two seasons fiéld ocbservations (1872-3) prevented any extensive
collection of data from developing infestations. Only two gets

of observations wers at all useful for this purpose;

The first infestation plét {plot 1, Chaptéf 5) was detected during
harvesting and observations were made to determine the density of
the residual population and the regeneration of the pasture. The
observed population ét harvest was entered into the simulation
with an infestation timing of day 282 and the inputs for dispersal -
and mortality as in table 6:5. The observed and simulated infest-

ations are compared in fig. 6:8.

l@@aring-in mind thet errors may arise from & failure to include in

. the simulation ons or mere critical factors of irregular occurrencs

in the field.

ZThis is equivalent to day 1 in the second growth cycle. The second
growth cycle was used in order that the program would compute yield
estimates until pasture meturity, and not be disrupted by & programmed
harvest dats.
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Fig.- 68 The observed & simulated eftect on crop regrowth of 1,000 larvae/m? on a newly harvested
lucerne field.
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The results show a rapid decline in larval density'in both the
observed and simulated infestations from approximately 1,000
vlarvae/m% to 20-40 1arvae/m%,.over the first five days. Thé
residual population in the simulated infestation cohtinue to
fall until day 10 when no more larvae are recorded. In the
observed infestation, the residual population stabilizes at
about 15 larvae/m% until day 14, then the population undergoes

a decline to zero by day 22.

The shorter infestation period of the simulated infestation
gives rise to an earlier simulated lucerne regrowth than 1is
actually observed. Observed regrowth in the infested lucerne
appears to be slower than might normally be expected, but
this may be partly due to the lateness of the season (late

October).

Those data shown in Fig. 6:8 invoive the dispersal schems.

. This scheme is something of an abstraction requiring a number of
assumptions not necessary for the simulation of non-dispersing
infestations. These are that in a consumption demand deficit
situation, the larvee disperse until there is sufficient lucerne
being produced to support the residual population, feeding and'
growing &t the normal ad lib. feeding rate. The actual field data
indicates that although the larvae disperse rapidly after harvest,
they maintain a population of higher numbers than might be expectéd
from the simulation results, and demonstrate a slowsr growth and

maturation rate.
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This higher residual population may be due to a greater daily
production of lucerne from the cropped pasture than was estimated
for the simulation. However, the higher numbers énd slowef growth
and maturation rate exhibited by the larvae, Are also consistent
with a reduced intake per larva. The author considers this a

more reasonable explanation under the circumstances.

Data collected from a fairly heavy infestation of S. littoralis

and other species of noctuid larvae on a.neéély mature lucerne
pasture growing in September 1971 (C.0.P.R., 1974}, were
converted to provide an additional set of simulation inputs for
comparison of an cbserved aﬁd simulated infestation. The other

noctuid larvae (mainly Spodoptera exigua, Heliothus sp. and Plusia

8p.), were not a large proportion of the total larval population

and are input in the program as third instar S. littoralis. This

is consistent with their approximafe age as given by.the data
(Ibid., p.44), although it is expected that their consumption would
have been somewhat diffarent. The actual damage to the lucerne in
the field was estimated by a visual scoring method of leaf injury.
and by measuring dry weights of leaf and stem from standard V

(1 thzl samples of damaged pasture. Both methods eimilar to

those described in Chepter 5.

"Fig, 6:9 is a comperison of the observed and simulated results.
For the observed infestation a single damege figure is given
which represents the estimated lsaf loss at harvest (day 35].

For the simulated infestation a single total damagel {leaf +

lSinc@ the infestation was late in thagfowth cycla and the stems
were near meturity, only 4g./m? of the total demage was attributable
to stem damage.



Fig. 6:9 The observed & simulated effect on damaqe of="=350larvae/m!
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stem damage} figure is given for the same day. Fig. 6:9 shows
that the simulated larval population declines in a way which
closely coincides with the observed population. However, fhe 4

single damage estimates ars not similar.-

Apart from any inaccuracies of the simulation, two possibls
reasons are postulated for this differsnce in the damage results.
Firstly, a "largish number" (Ibid., p.44) of S. exigua and
Heliothus sp. were present six days before systematic larval
counts were made. The#e will have contributed to damége which

cannot be assessed in the simulation.

A second possible source of error lies in the mathod of damage
estimation in the field (Ibid., pp.47-50). Estimates of the
amount of holed or lost leaves indicets the level of injury and
not damage. This is because such estimates do not fﬁlly také
into consideration any compensation by the plant in the form of
extra tillers and amérgent buds. Consequently, damage can only
be plausibly estimated by comparing the yields of a number of
destructive sample harvests with similar samples from undamagéd
control plots from the same Eield. In this case, estimates of

leaf and stem yislds were made but only from the damaged plot.

- From the data given on stem yield it can be deduced that the
total lucerne yield, in the absence of the pest and assuming
a 1l:1 leaf to stem ratio (ses Chapter 3), would have been

204g./m?. This is 41g./m> more than the mean yield of

212
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commercial lucerne plots harvested at maturity (Table 3:1) and
represents‘a level six standard error units above that mean yield.
However, the total actual yield, bscause of leaf injury, was below
the mean yield for commercial plots and was estimated at 1493./m%, a
figure 14g./m% below the mean of untreated plots. The high *inferred
undamaged yield' would suggest that either the plot under consideration |
was an exceptionally high yislding plotl, or that some injury
compensation had occurred in the form of extra tiller growth (i.e.
resulting in more stem yield]. If compensation had occurred, then

any estimates of apparent damage based oﬁ the amoupt of leaf missing
would overstate the actual damage since some of the damaged tillers

would have existed only as a result of the plant’s response to a

reduced leaf area index due to previous leaf injury.
6.(7) Discussion

A major assumption in the simulation is that the rate of pasture
compensation after grazing injury is equal to the observed rate of re-
growth after cropping. The whole question of injury compensation is
exceedingly complex and'can only be resolved by more empirical data
derived from the sort of dirsct yield comparisons cutlined in the
previous section. The two observed infestations are not sufficient
to confirm or discredit thesingle lucerne growth function used in
the program,and they certainly do not present opportunities for

| deriving e separaté function for compensation to bs used in
conjunction with the original post-harvest regrowth function.
Consequently, some discussion is appropriate on the implications

and limitetions of using the single growth function. -

lmne plot in Table 3:1 did yield over ZDOg.ﬁm?,
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Two basic differences exist between pasture regeneration and
injury compensation. First of these is thaﬁ in a pasture grazed
by larvae, all the stem stubble remains whereas during a normal
hervest this is taken. Secondly, since harvest cropping occurs
at the optimal vegetative maturity of the pasture (3.(2)(c)), the
root reserves after grazing may frequently be in a less well
developed state in comparison to the roots of a cropped pasturs.
It might be expected that the state of these reserves is an
important determinant of the plant’s ability'to restore its

photosynthetic area.

Experiments by Leach (1967) using the Australian Hunter river
variety of lucerne, indicats that the level of resefves is only
important for a very short interval after defoliation, provided
that the environment is condusive to the fgeestablishment of an
adequate leaf area. It i1s possible that any shortagé of reserves
during this critical time in grazed pasture is compensated by

photosynthesis in the remaining green stem stubbls.

Herbaceous stems of plants such as the annual sunflower (Helianthus
annuus) contribute up to one fifth of the leafy plant's total
phoﬁosynthatic area EEvané, 18972). Howaver, the productive role

of stem chlorophyll is difficult to assesa. It is clservfrom the

. ‘physical énd biochemical structure of leaves that they are the
principal, and presumsbly most efficieﬁt, photosynthetic organs

in most plantéa Yet in the typical green stem, not only is stomatall

frequency different from the leaf, but stomatal aperture is also.

IStommta are pores in the spidermis of plant leaves and stems, and

arg of fundemental importance in regulating photosynthesis.
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Furthermore, the photosynthetic tissue itself has a different
structure (Ibid.). Such differences indicate a lower efficiency

or speclalist role of stem photosynthesis, sugges£ing that the

green stem contributes rathef less to general production than

might be expected from its proportionate share of the plant’'s
t@tal'photosynthetic area. In spite 6? this, it is difficult to
concelve that stem photosynthesis in defoliated stubble plays no
role in leaf regeneration. We therefore suggest that all things
being equal, defoliated pastures with stubblé willienJOy'an
advantage in this respect, and further, that stubble ﬁay compensate

for some depletion of root reserves.

Ancther role of the grazed stem appears to be in bud and shoot
development. In a cropped pasture shoots develop from the crown.
The system of apical dominancel in lucerné’maintains.a fairly
constant shoot number per crown (Leach, 1967). However, to quote
Leach: "Where stubble is left on the plant many more shoots
extend than where the crown alone is the source of new shoots.
Also a greater proportion of the final populastion aof shoots
extend earlier and will therefore be photosynthesising over a
longer time interval. The effect of stage of defoliation on the
size of the population of shoots is also large, especieally whers
there are. only crown shoots. The sizs of shoots at harvest is
'.markedly influenced by the time when t@ey begin extension, and
any not extending within sevan days of defoliation will grow to

. 1less than one quarter the size of those extending at the tims of

defoliation”. It is important to note that these experiments were

lApical dominance is the term given to the mechanism of horﬁdﬁal”

suppression of development exerted by a plant’s top buds on its
auxiliary buds.
)
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carried out with individually potted plants. In the highly
compétitive conditions existing in commercial pastures, thse
rate of growth of a few shoots will prdbably be more important
than the number o% shoots emerging. Conseqﬁently, it is
possible that there is not a large overall differsnce 1in the

rate of leaf production from stubble and crown regrowth in

cémmercial fields.

The assumption that stem regrowth occurs so as to maintain a
'canatant 1:1 ratio between leaves and stems, both after cropping
end injury, is no doubt an oversimplification. This is suggested
by the extra tiller growth indicated in tﬁe second observed
infestation in 6.(b]. Howévera no data on the stem and leaf
_comp@sition of pastures regsnerated after injury was collected,
and since defoliation was associated with the temporary arresting
of pasture growth (personnel observation), we cqnsider ths

assumptions on stem growth to be acceptable approximations.

It migﬁt be suggested that a further method of injury 6ompensation
not accounted for by the lucérne growth equation is the'possibility
of repair in partially grazed leaves. Howsver, this requires the
production of new tissue, which cannot be accomplished without

cell diviéion,l This acfivity is confined to the meristematic

argas of the plant (i.s. buds, young leaves and root tipsl.

lA clear distinction has to be drawn between regeneration by the

production of new tissue and growth. Growth can occur in many
places on a plant and is defined as: "an irreversible increase
in volume which may or may not be accompanied by cell division”
(Evens, 1972). Mature leaves cannct repair damage by further
cell enlargement, new tissue and thus meristematic activity is
NBCessSary. '
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Another implicit assumption made in the estimation of the injury
compensation rate, is that injured leaves contribute as much to
production as intact leaves of the same weight. T; the first
approximation this is not unreasonable since. injury caused by
late second inatar and older larvae, is in the form of discréte
holes in the leaflets.which generally avold the ribs.of vascular
_tiasue,l- Early instar damage is of a different form, the larvas
strip the leaf epidsermis causing dessication and death to the
underlying tissues. These larvae therefore cause more injury
than can be accaun?ed for by their food intake. H@weverg except
for extremely heavy infestatioﬁs this factor is not important,
since the early instars are'gregarious, and enly one or two

leaflets per egg mass‘are affected in this way.

The observed change in growth rate of lucerne thrbugh the ssason
(3.(2)(c)) might have been due to photoperiod, light intensity

or tempsrature varia?ions, all of which have been shown to affect
dry matter yields of lucerne pastures (Langer, 1967; Gist and

Mott, 1967; Bula st al., 1958). Consequently, the data used

for the growth equation in th@ simulation was derived from lucarne
grown in'Cyprus during September and October; the two months when
armyworms are most prevalent, ‘However, it is conceded that pastures
growing during sarly or late infestations, or those expsriencing

& périod of unusually high or low seasonal temperatures, will not

be particularly well described by the single equation.

lThis tissue transports the products of photosynthesis from active
areas and supplies water and minerals to them.
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We cpncludé, that the use of the singla function for crop growth is
a plausible approximation for both post-~cropping regrowth and
| injury compensating growth by.the crop. However, until m@ré da@a
on compensation becomes available the single function must be
viewed as a possible source of significant error in damege
prediction when using the program.
The positive effects of temperature increasés of up te 30°C on
larval maturation and consumption have been discussed (5.(3)(c)).
Diurnel and seasonal fluctuations in temperature will therefore
affect the damage potential of an infestation. In the program,
the functions for the growth and consumption of the larvee are
derived from laboratory trials on single larvae reared at 24-26°¢C.
Although this temperature was probably & reasonable estimate of
the mean temperature experienced by larvae infesting late summer
lucerne pastures (fig. 5:2), fluctuations in temperature render
the singls consumptién function in the program an oversimplificiation.
However, a modification to include an envirocnmental temperaturs
input to the progrem would result in only & limited incrsase in
the accuracy of the simulatign since it would necessarily be a
projected estimate from the day the infestation was first
monitored. It would also reduce the present convenience of
having only two infestation variables to measure in the field:

namely the timing and the larval density.

Another source of discrepancy between real and simulated damage

estimates is the mortality scheme. Some mention of the difficulties
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of erriving at realistic rates for mortality, and discussion of
the theoretical implications of the scheme used has already been
" made (5.(3)(d)). However, the coincidence of the observed and
simulated larval densities in fig. 6:9 is some indicationof the
value of these mortality rates as first approximations of field

conditions.

A further limitation of the simulation is that it does not take
account of previous consumption by an infestation discovered
some time after larval hatching. This may not be particularly
important for populations below the fourth "instar’ stage, but
may cause inaccuracies when estimating damage from a more
mature population. However, damage from.fhesa populations can
be estimated with fair accuracy without recourse to a simulation.
We therefore considered it unnecassary to include the reverse
larval development and mortality scheme that would be required

to simulate previous consumption.

6.(8) Conclusion

In conclusion, the simulation described produces some useful
indicetions of the possible maghitude of damage given variations
in pest density and timing. The model has besn 1psufficient1y
tested to ascertain the confidence that may bs attached to any
results, however, it was shown to be deficient in accounting fully
for the suppression of regrowth caused by a residual post-cropping

population of larvae (plot 1, 5.(3)(b)). Consequently, it is
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offered as .a preliminary tool to pest control agencies in Cyprus
who may more thoroughly test it, modify it and employ it as a
damage forecasting aid. For the purposes of this‘study thé
simulation is adopted as the best avaiiable ékpression of the
armyworm damage function on lucerne. It is used in conjunction
with the costs of control estimates in the following chapter, as
a basis for estimating the sconomic threshold of treatment

(Chapter 8).
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SUMMARY - CHAPTER 6

A computer program is described, which by incorporating empirically
derived functions, calculates the expected quantity of lucerne leaf
in a pasture at given times after recropping and wi@h various
densities and timings of armyworm infestation. This is used as

. & pest damage function.
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CHAPTER 7

:L_Jix;nzalgggpontrol methods and their estimated cost

7.(1) .Introduction

in this chapter the current (1972} cortrol metﬁods used by Cypriot
farmers for the control of armyworm infestations on their crops
are described. The recommended control brectice, which érose

from insecticide trials conducted by the C.0.P.R. kCQQ.P.R., 1974),
is also stated. 1In the text and the appendix to this chapter,
estimates of the cost of control using the recommended techniques
are given for both types 1 and 2 lucerne growers (see (3.(2]}(b))
for the definition of types 1 and 2 growsrs). Finally, the
potential for baited insecticides in anmyw;rm control is briefly

discussed.

7.(2) Current control practice

Communication with pest control agenciss and individual growers
oen the island suggested that most farmers used some form of |

insecticide preparation against armyworm infestétiona on their

_lucerne and vegetabie crops. In an attempt to identify the

| compounds and the method of application adopted by the farmers

for this purpose, a pest control section was incorporated into

the growers' questionnairse reproduced in Appendix 3:2.

It was found that 98% of the farmers who returned the questionnaire

and used insecticides for armyworm control on vegetables and lucerne,

1
As stated in Chapter 3 ths returns fzom lucerne growers were probably
all from typs 2 farmers.




224

used some form of sprayed application and only 2% used baits or dusts.

Of those using sprays, 90% used a knapsack sprayer and 10% used a

" tractor mounted with boom and nozzle-spraying equipment. In 80% of

the reported cases, farmers used insecticides when armyworm injury

.became apparent and only 20% of the farmers reported routine trsatment.

A total of 22 brands of insecticides were reported used for Spodoptera

sp. control on lucerne or vegetables, althodgh only 6 wers common

(Tables 7:1 and 7:2 and Appendix 7:2). All of these commonly used

compounds were organophosphorous insecticides. The insecticides

TABLE 7:1 Use of insacticides for Spodoptera sp. control on lucerne

Number of applications/monthl

¢ INSECTICIDES

Insecticide June July August September October Novsmber
Chloropyriphos® 0 0 0 3 3 3
Methomyl® o 0 1} 0 0 0
Methamidophos® 0 (8] 5 0 0 c
Parathion
Preparations A 35 4 .82 18 -8
Monocrotophos 0 0 9 3 2
Cyolane 1) 3 2 2 (4]
Baits (v - 1 0 0 0 0
Others 3 5 12 11 10 2
Total applications 34 a4 62 = 57 36 15
Total applications
using * insecticides o o 5 3 3 S
Total applications ' ;
ueing any others 34 44 SZ 24 33 12
PERCENTAGE USE OF 0 o

8.7 5.2 8.4 18.0

(N.B. ¢“Insecticides are those recommended by the C.0.P.R.).

lsata from 74 questi@hnaire returns. -
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considered.to be most effective in the control of armyworms
(C.0.P.R., 1874), wers not extensively used by lucerne growers.
These farmers appeared to favour methyl parathion'preparations,

notably 'Folidol’.

TABLE 7:2 Use of insecticides for §ggggg£g;g_§g; control on late

potatoes, beans, tomatoes and artichokes

Number of epplications/month!

Insecticide = | June July August' September October November
Chloropyriphos® 13 14 3 23 8 -2
Methomyl® 0 0 29 42 40 21
Methamidophos* 7 17 g 1 13
Parathion ‘ ' _ '
Preparations 27 12 15 %4 13 i
Monocrotophos i8 13 12 26 16 2
Cyolane 4 7 e . 14 20 1
Baits 0 0 5 . 2 0
Others 26 32 30 27 51 6
Total epplications | 95 95 107 182 164 33
Total applications
using * insecticideJ 0 31 42 78 62 23
Total applications n ‘
using any othsrs 75 684 85 106 102 10
PERCENTAGE USE OF b, g 32,6 39.3 41.8 '37.8  69.0

* INSECTICIDES

(N.B. “Insecticides are those recommended by the C.0.P.R.).

This was also true for vegetable growers, but to a lesser extent.
Vegetable growers frequently used monotrotophos (sold as ’Nuvacron’)

and showed @ higher percentege adoptiom of the recommended insecticides

lnate from 158 questionneire returns.




than did lucerne growers. For all growers there appeared to be
@ trend towards the use of these more efficient compounds through
" the year. There is no resason to postulate a chanée in the éupply
of these insecticidses during that year, and thqrefore the changé

in insecticides used was unlikely to have besn a seasonal effect.

The peak treatment months for lucerns were August and September
and for vegetables September and October. This later peak for
vegetables was largely due to the emergence of lesaves on the
potato crop in late August. The relative incidence of control
applications (and sinée control was generally applied after some
crop injury, the relative ihcidence of infgstationl was therefors
more clearly indicated by the insscticide-applications on the
perennial lucerne crop. The pseak in.August and September was
probably due to the high levels of S. exigus and low levels of

S. littoralis in 1872 (5.(3)(a)). We expect, that in years when

S. littoralis is prevalent, a high level of control activity would

~continue until the end of October.

7.{3) Recommended control practice

T

Two potential methods of armyworm crop protection arcse from work

226

by the C.0.P.R. in Cyprus. 0One, the use of artificial sex pheromones

to disrupt the mating behaviour of S. littoralis (C.0.P.R., 1974;

Campion et al., 1874a and 1974b), was suspended by the events of
July 1974, and to date no workable shcme has been formulated.
Howaver, laboratory and field trials on insecticides_currehtly in

widespread use on the island and a number of recently introduced

compounds led to an extension exercise in 1873 aimed at persuading
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farmers to discontinue using some insecticides, to which larvas
had developed ‘resistance, and to adopt the use of some of the newsr

compounds.

The insecticide trials were made using locally available equipment
and on commercial lucerne and potato plots. It was concluded

(C.0.P.R., 1974) that S. littoralis larvas had a high degree of

| toxicity resistance to methyl parathion and to a lesser extent to
monocrotophos, the twe insecticides most frequently used for

S. littoralis control. Tests on seven other compounds indicated

that chloropyriphos ('Dursban’), methomyl (’'Lannate’), methamidophos
('Tamaron') and phospholane ('Cyolane’) were the most effective

insecticides for controlling S. littoralis on the island. It was

also found that spraying insecticides after sunset when the larvas
were feeding on the stem apices, gave a higher rate of mortality
then daytime treatments. Residue tests on treated crops formed
the basis for estimating the safety period betwesen treatment

and the time when the pasture could be fed to the animals without
riek of insecticide toxicity. The dosage rates and safety periods

recommended by the C.0.P.R. for S. littorelis control on lucerns

and vegetables are given in Table 7:3. Phospholane was not
recommended since it was the least effective of the four "better’

compounds.- and had a higher operator hazard.

7.(4) Direct and cther insecticide treatment costs

7.(4)(a)} Dirsct costs

The direct costs of applying the thres recommended insecticidass
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and saf

ety

Recommended dosage in Water required for diluting Type of &tion Safety period
Insecticide kg/ha the insecticide in 1/ha (daysd
]
Daytime ' Nightime Tractor Sprayer, Knapeack Sprayer
|
'
Chloropyriphos - " | ' :
('Dursban') © 0,750  + 0.450 750 \ 225 Contact T-10
: | !
| '
| [ .
Methomyl I " Contact and -
('Lannate') 0.600 ;|  0.k450 750 I 225 Stomach 7-10
| I,
' :
Methamidophos : I | Contact and
('Tamaron') 0.700 | 0.525 | 225 Stomach 15-18
1]

750

(Data from C.0.P.R., 1974).
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at their established dosage rates are itemized for both types 1 and

2 lucerne farmers in Appendix 7:1 and summarized in Table 7:4.

7.(4)(b) Pest resistance

It was suggested in (1.(2})) that the costs and béhefits of treatment
extend beyond the cost of the chemical and its direct application
costs, and that the benefits may be more than the value of the

crop saved. There may be significant additional effects which

TABLE 7:4 Estimated direct cost of applying the recommended

insecticides to lucerne

Type 1 Farmers Type 2 Farmers
Daytime t Nightime Daytime | Nightime
Insecticide C&/ha. ¢t C&/ha. C&/ha. : C&/ha.
|
Chloropyriphos ! '
(' Dursban’ ) 6.365 : 4.065 7.005 ; 5.165
» [}
Methomyl 0
('Lannate’ ) 6.890 : 5.340 7.530 \ 6.440
¢ t
Methamidophos . '
(* Tamaron') 4.640 L 3.765 5.280 ' 4,865

*®

complicate the assessment of the return on & tresatment. For inatance,
where a farming community uses insecticides extensively or intensively,
pest resiatance may develop. When this occurs the farmers will incur
gxtra costs, either by the need to increass dosage rates, or by
changing to other more costly compounds. If the rate at which
resistance develops is determined in part by the frequency and

extent of the insecticide applications, a farmer is faced with an
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additionalgcost at each application, which reflscts the finite

gffective life of these compounds.

It has been stated that S. littoralis resistance to parathion

and mopocrotophos in Cyprus resulted in a search for new effective
insecticides, which are now being adopted by farmers in spite of a
higher cost of application. However, in this instance, thres
effective compounds are qffered with similar direct costs of
application, and by changing from one insecticide to another a
long period of affective.use can be maintained. In addition, a
resistance monitoring iaboratory has been. sstablished on the
island. This will enable the Government more fully to rationalize
the rotational use of the inSQCticides in response f@ any developinﬁ
resistance detected in the island's armyworm population. Hence,
those costs attributable to insecticide fasistance are largely

the cost of this service whicﬁ will be trivial when estimated |

on & cost per applicetion basis.

7.(4)(c) The diseconomies of insecticide treatment associated with

reducing the activity of beneficial arthropods

-

7.04)(c) (1) Introduction

"It has been frequently asserted, that applying broad spectrum toxicity
insecticides to crops reduces their ebility to reeiat subssequent
infestations. This is apparently due to & large proportion of

‘non-target”’ beneficial arthropods (such ae perasites and predators
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of the pest) being adversely affected by the treatment. Such effects
' have been predicted theorstically (Nicholson, 1840) and demonstrated

{(Woglum, 1947).

Since the insecticides recommended by the C.0.P.R. for armyworm
control in Cyprus are broad spectrum toxicity compounds sprayed
onto crops 1£ might be expected that spraying lucerne fields will
result in such adverse effects. A fully retiohal spray programme
would take account of any such effects by quantifying them as
short and long-run diseconomies. At present, it is not poesible
to produce an accurate quantificetion since data on the ‘normal’
natural mortality rates in untreated Cypriot lucerne fields are
provisional (5.(3)(d)), and detailed observations on the effects
of a sprayed insecticide treatment on a Cypriot lucerne pastur;
fauna and the subsequent recolonization by arthropods, are
entirely lacking. Consequently, the significance of this aspect
of insecticide spraying remains a subjJect of some conjecture.

The survey results reported in 5.(3)(a)(iii) indicate that
recolonization, or @margehce of parasites, rapidly occurred in
pastures after insecticide tresatment, and that no differsnces in
pest incidence occurred as a result of previous treatment. In
addition, those farmers identified through the queationnaire
returns as having used lnsecticidal sprays early in the yesar
(May-June) for the control of aphids, did not suffer significently
more infestations than those that had not used them. However,
these surveys were deficient in & number of respects (5.(3)(a)(1)).

Furthermore, laboratory studies by Rechev (1974) produced evidsenca
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suggesting-that parasites may be adversely affected by insecticides
for some considerable period after treatment. Ubsefvations by Bey

 (1951) on S. littoralis predators in Egyptian cotton fields Eepecies

also found in Cyprus), showed a reduction in these beneficial
arthropods by up to 50% after dusting with arsenicals and nearly

100% after spraying with nicotine.l

In this section, the nature of the possible adverss effects dus to
spraying are explored, and a method of calculating any associated
costs is offered, given a number of simplifying assumptions about

the form of predator and prey interaction.

Table 6:3 indicates that the mortality action of the beneficial

arthropods on S. littoralis occurs mainly in the early instar groups,

and that this form of mortality is insignificant after the fourth .
instar stage. Fig. 5:12 shows that the consumption demands of

the larvae (and hence their crop injury potential) only develops
to e high level aft;r the fourth instar stage (day sight after
hdtching}. Consequently, the injury caused by an infestation of
S. littoralis larvae is, to the first approximation, proportional

“w

to the numbers of larvae developing to the fourth instar stege

(Fig. 7:1].

I# the initiel density of S. littoralis eggs is (De) then let

ED ) be the surviving larval population at the fourth instar stage.
Let it also be assumed that crop loss is directly proportionel to

the abundance of these larvae :

lAltheugh nicotine is a more persistent chemical than the organ-

ophosphorous compounds recommended for use on S. littoralis -
infaatationsg.
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Fig. 7:1 Larval mortality and individual larva injury potential
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i.e. Economic loss (E) = a.DL 731

where a is a constant

As has been shown in 6.(5) this may not always ba true, but generally
more injury results in mors damage which i1s reflected directly as

economic loss.

The initial egg-laying density (Dei gives rise to the early instar
population and is assumed to be & stochastic variable indepsndent
'.of the stete of the field with respect to predators, paresites cr
whether the crop was sprayed in the previous growth cycle. This '
is not unreasonable since a lucerne growth cycle subsequent to
treétmant will have only esmell amounts of insecticide residuss

in the crop, all of which will havé grown after the harvest of

ths treated crop. Similarly, in view of the inappropriate oviposition
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sites sometimes chosen by moths (5.(2)) it seems unlikely that they
. assess the faunal density of the pasture befors depositing their

eggs.

Mortality of larvae due to parasites and predators has been:
described (5.(3)(d)) as a constant rate of larvée being removed
per day for all learval densities. If an insecticide spraying
eliminates these parasites and bredators this will result in a
greater value of (DLlhfer any given level of egg-laying (De)

in a subsequent lucerne growth cycle.

The normal frequency of S. littoralis infaétdti@ns in Cypriot

lucerne fields has not been satisfactorily established. Thers
appear to be large annual fluctuations in pest incidence and a

changing level in the total S. littoralis moth population within

any one yeer (fig. 5:2). However, the pest survey (5.(3)(a)) and
other observations (5.(3)(b)) did suggest that larvae were common
at low levels with occasional instances of héavy infestation.

A plausible shape for the frequsncy of infestations of egg
density (De) might theref@re be a declining exponential (fig.
7:2). Fig. 7:2 shows the two frequency curves of fourth instar
larval densities derived from given levels of egg-laying and
corresponding to previously treated (no parasites.and predators
(DLJI and untreated (with parasites and predators (DLIJ.

From equetion 7:1, the frequency curves E& and DL‘ each have a

corresponding economic loss frequency curve (E and g? respectively).




Fig. 7:2 A hypothetical representation of the frequency of

S. littoralgg infestations and resulting larval

densities with and without parasites and predators

frequency —

pest density —>»
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For the rational farmer, these will only extend to the economic

threshold of treatment.(Et), since all larger infestations will

be contrﬁlled (1.(2)). Consequently, the diseconomy of insecticide

treatment associated with reducing the activity of parasites and

predat@rs in the subsequeﬁt lucerne growth cycle, is the

increased cost resulting from operating on the frequency loss
.‘curve ab instead of ac (fig. 7:3) plus the increased frequency

of incurring spray costs.
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Fig. 7:3 The economic loss frequency curves for previousiy treated -

and untreated pastures
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Economic loss (E) =¥

A general equetion for the curve of (E) in unsprayed - fields may be:

KE 7:2

y = ygee
The probability thaf an infestation is above the economic threshold

in previously unsprayed fields is:

E

2

7:3

On integrating, the 0»® lower term reduces tu-% and the constant Yo

~ 1
is cancelled,and the probability simplifigs to:
) _ ET
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The expectéd loss from previously unsprayed fields can be expressed as:

(ZAll possible losses up to (Et) x their probability of océurrence) +

(Probability of economic infestations x fEtJ}

€ &
1
+ E, . 7:4
- t ek(E?:)
which simplifies to: + (1-e "(ot)) = 7 735
Let the equation for (E!) be:
- -ki1E : o .
y = y.® . 7:6
then spraying increases the probasbility that spraying will be
necessary in subsequént growth cycles by:
1 - 1 ] S 7¢7
ekx(EtJ ehIEti
and the overall expected loss from Z to:-
20 e gy 78

Hence Z1-Z is a msasure of thie particular diseconomy, expresssd
in terms of an increased vulnerability to damage in thse subsequent
crop growth cycle. Thess may be termsd the indirect costs of

treatment.

The indirect costs of insecticide treatment ere probably not a



simple celculation unless the crop growth cycle to which the

insecticide is to be applied is the penultimate one in the S.

littoralis season (clearly the indirect costs of treating the ‘

last crop growth cycle in the ssason will be zerc since thsre

is a zero probability of subsequent infestations). This is

beceuse thers may be complex and cumulative faunal disturbances

resulting from & series of sprayings which wili affect the
pasture ecosystem, particularly with respect of thq re-
establishment of parasites and predators. Such effec;a'ﬁould
give rise to a range of possible indirect costs defived from
the differsnt combinations of spray and non-spray sequences.
Since the estimated indirect costs are a legitimate component
of the economic threshold, the threshold itself would have a
probabilistic range of values. Consequently, the indirect
costs (which are calculated on the basis @} the sconomic
threshold value) would need to be estimated with respect to
the integration of all possible values of the sconomic
threshold and the probability of occurrence of these threshold
values, except in the penultimate growth cycle when the

insecticide treatment history is Known. *

Any attempt to incorporate such an elaborated scheme would be
_unjustified in the absence of reliable deta on the parssite

and predator populétion dynamics in Cypriot lucserne. However,
the possible importance of the position of the lucerna growth

cycle with respect to others in the armyworm season in

lAssuming that the consequences of sach combination of spray/

non-spray sequence can be qyantified.
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detennininé the degres of 'carry-over’ of the indirect costs

of treatment from one growth cycls to those remaining, is

illustrated below. In this scheme, the indirect cost equations

are given for each growth cycle after a number of grossly
simplifying assumptions about parasite and predator activity
and psst incidence have been made. These assumptions are
that: there.ara four lucerns growth cycles occurring in

the armyworm season, that the frequency of Qeat egg-laying
(De) is constant for each cycle, that spraying insecticide
in any growth cycle feduc@a the parasites and predators to

a constant level in the sup;aquent growth cycle, that one
growth cycle left unsprayed is a sufficient period for the
parasites and predators to re-establish themselves to their
pre-sprayed levels, thet the cost of treatment (E.) is a
constant throughout the season and that the farmer has an
unsprayed crop with a full complement of perasites and
predators at the beginning of the armyworm season. Although
these assumptions render the following scheme implausible

in detail, the carry-over effect demonstrated might be
expected to appear in a rigorous model, albeit in a modified

forme

Fige 7:4 is an illustraetion of the four relevent lucerns growth
cycles with the frequency of economic losses up to the esconomic

threshold indicated.
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Fig. 7:4 Illustration.of the relevant treatment costs in the four

lucerne growth cycles growing in the armyworm seeson

growth cyclest 1lst 2nd ‘ 3rd

¥re§uéncy'(y) -~

pupiny’ Apmgsper T L T oL L Lk Siad
-l .y @ W on T N T T TP W W A W

Ty £ L A T T e T X T ]

-
s - G O G - S T W T

240

4th

£ ET E ET E, ET
1 £ o2 % =3
E“-—\/’“-’/ e

CI2 C12 €I

economic loss (E) —»

N.B. ET% = Economic threshold of growth cycle (1)

CI; = Indirect costs of treatments in growth cycle (i)

[

other variables as defined above.

E, =ET

In the 4th growth cycle the probability of losses in the next = O

cy, = O

and ETy = Et




In the 3rd-growth cycle the indirect costs of spraying are given as:

Ty, -2 7:11

and ETs= Et + CI3 ’ 7:12

In the 2nd growth cycle the indirect cost of spraying is given as:

Cq," (z,%-21) + 5.Cy 7:13

and | ET2= Et + CIz 7:14

where le and Z; csrfesp@nd to the values of Z! and Z estimated with

the economic threshold level adjusted from E, -+ ETs.

t

In the 1st growth cycle the indirect cost of spraying is given as:

N ASAR S3S.C 7:15

I Is

and ETy = E c

t " b1,
where Zz‘ and Z2 cagpespond to the values of Z! and Z estimated

with the economic threshold level adjusted from Et + ET2.

1 1

and S ®» ———— - e
, ekn(ETgl.. ek(ETsl.

The larger indirsct costs in the earlier growth cyclas ers dus to
the inclusion of terms expressing-the increased likslihood of
future treatments being necessary becauss of current trsatment

&sic i]q Clearly, the greater number of growth cyclee outstanding,
the gréater the expected losses due to this factor. Howaver, it is
"noted that since probabilities are multiplied by eech other the

actual expected loss for growth cycles two or thres cyclss subsequent

to treatment will be small.
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As stated previously, it was not possible to substituts values
into these functions due to lack of data. Consequently, the
importance of these indirect costs remain conjectﬁral. Hervar,
fig. 6:5 suggests the relationship between lérwal mortality and
economic loss is of the inverse form shown in equation 7:8.
Furthermore, table 6:3 shows that parasites and predators, the
mortality agents that are affected by spraying, are estimated
as the main cause of larval deaths. The implications of the
fuhcti@ns relating frequency of damage to exbected'less are
that during those ysars when S, littoralis 1nfestatiohs are
infrequent, inairect costs will be low since the overall
probability of infestation.will be low. Also, in years of
extremely heavy infestation the indirect costs willibe'lowa
since there is a high probability that even *non-vulnerable’
unsprayed crops will require protection. °Indirect costs will
be highest in years when infestations are frequent bﬁt when the

chances of escaping from economic infestation are also good.

Although the model is consistent with the wey parasite and

predator induced mortality has been describsd for S. littorelis

{(5.(3)(d)(i}), theoretical c;nsideratiens (5.(3)(d)(11)) suggest
that a constant mortality rste due to these agents is not a
particulerly realistic situation. Fig. 7:5 showe the modification
' that would occur if the psaked total respones (5.(3)(d)(i1)) wers
found to be an appropriate descripti@ﬁ of parasite andvpredator.

mortality of S. littoralis lervee. By indiceting two possible

economic thresheld levels (Etl and (Etﬂl it is possible to show
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Fig. 7:5 Theoretical effect on frequency loss curve of a peaked

total response mortality curve

frequency (y) =~

pest density —>»

that such a response may result in there being significant indirect
coets of spraying as;@ciated with an increase in frequsncy of futurs
sprayings (Etl or a negligible indirect cost of spraying associated
with this factor [Et’). However, the indirect costs asgdciated with

¥

an incrsass in crdp losses due to sub-sconomic damage will alwaya

be ah appraciables factor.

7.{4)(d} The effect of the insscticide on ths pasture

An insecticide may have the sffect of stimulating growth and incrsasing
vield, suppressing growth and decreasing yield, or it may be directly
phytotoxic to the existing plant tissue. All of thess sffects may be

exhibited by the same insecticide when spplied at & range of
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concentrations. However, the effects of the insecticide ars
more frequently adverse. During the triéls with the insecticides

" gventually recommended for S. littoralis control, no inimical effects

were noticed except for a tendency for local phytotoxicify when.
conducting ultra-low volume sprayings; a technique that ultimately
was not recommended. However, we saw individuai instances‘of
insecticide induced phytotoxicity in commercial lucerne pastures

on the island. In each case excessive concentrations of insecticide
had been used. We conclude, that at the concentrations recommendéd,
the inimical effects of insecticide treatment on crop performance |

are negligible.

7.(4)(e) The effect of the application process on the pasture

Mechanical damage may occur during spraying operations. Although
no systematic data is available to confirm this notion, it was
gvident that farmers werereluctant to use tractor mounted spraying

equipment on pastures approaching maturity.

7.(5) 1Insecticide treatment benefits

(%Y

The essential benefit derived from insecticide treatment is the
prevention of further crop imjury by an infestation. This is
discussed further in Chapter 8 whare crop losses are estimated
and compared with treatment costs. Howsver, an additional
benefi; is recognized which may have its largest component
external to the farmer'’s calculations. This is the possibility

of a reduction in the total. pest population on the. island with
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the control of individual infestations. Since S. littoralis in

Cyprus is a pest of broad leaved herbaceous plants, its summer
and autumn populations must be mainly sustaingd by irrigated
crops., the majority of which are sufficiently valuable to justify
pest dbntrol expenditure. More effective control may therefors
r@ducé the island’'s adult pest population, resulting in a lower
incidence of egg-laying. However, at preseﬁt this statement
cannot be supported by empiricalevidence and so thase benefits

of improved pest control. have not been assessed.

A more tangible external benefit of insecticide,treatmént is ths
prevention of larvae invading neighbouring plots. In type 2

farmers’ plots particularly, total defoliation of & pasture by
larQae, er the harvesting of an infested plot, has besn shown to
result in an exodus of larger larvae that hay infest.adjacent

fields (5.(3)(b)), gardens and houses. Earlier control, or post-
harvest spraying, clgarly would prevent this. The external benefit
acecruing to neighbouring farmers from an individual’s control
treatments will depend on the proximity and topographical
characteristics of the plot as well as the crops grown. Consequently,
e single monetary figure for all cases is not appropriste. Howsver,
such an empirical assessment of this benefit would only be nacessary
if invididual incentives to farmers (by tex, subsidy, or direct
'.legialationl were required to realize ;his external benefit for the
total community. In this study, total defoliation of lucerns at

any atage in its growth, and post-harvest residusl larval populations
sufficient to causse dispsersal, are shown to be beyond the sconomic

damage threshold (Chapter 8) and hence provide the necessary and
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sufficient‘internal incentives for farmers to invest in control.

7.(8) The use of insecticidal baits for S. littoralis control

in Cyprus

Pests may develop resistance to chemicals or demonstrate behavioural
responses peculiar to quite localized area. Consequently, caution
must be exsrcised in interpreting pest control ressarch results

from areas other than whers the work was actually done. For

this reason,much of the artificial control work on S. littoralis

in other countries has not been considered. Howaver, soma work
outside Cyprus appears to hold considerable promise for controlling

S. littoralis on the island, in particuler, the recommendation by

the Division of Plant Protection in Israel for the adeption of

the granular bsited insecticide 'Prodan’l for S. littoralis control

on lucerne.

This recommendation arose from trials by Teich et al. (1968) and
Rechav {1973). In the course of this work these authors found
that the granules of poisonogs bait wers attractive at very small
distances,and werefound, largely at random, by the larvas crawling
on the ground. Control was therefore only effective for third
instars and larger larvae that spent aﬁme of their time on the
ground (5.(2)). In heavy 1nfestat£ons, most of the granules

were consumed before individual intakes reaph [ ) lefhal levsl,
because of this, it was suggested that ’'Prodan’ was not useful

for controlling larvee at densities aboye 1®l/m? (Ibid., p. 108).

13@9 Appendix 7:2
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The most effective control was found using 'Proden 1,000° (containing

1,000,000 round granules/kg.lat a rate of 30 kg./ha.

Cypriot farmers were familiar with the‘use of poisonous baits for
ammyworm control, many farmers preparsed their own from bran, sugar,
water and an insecticide such as parathion. ‘Prodan 500°
(containing 100,000 granules/kg) was available in Cyprus although
it was not extensively used. Ppaliminary trials by the author,
using the equivalent of45 kg./ha.of 'Prodan’ on a recently cropped
pasture infested with a residual population of larvae, showed

a normal regrowth pattern for the lucerne on the treated section,
and a suppression of growth on the contrels, however no systematic lﬁrval
counts were taken. ‘Prodan' was also tested as a barrier to larval
dispersal by treating a border approximately 1 metre in width with
8 double dose of ‘Prodan' (aquivaleﬁt to 80kg./ha. at the edge of a
plot from which larvae were dispersing. Subsequent inspection
revealed large numbers of larvae dead on the treated border. It

seems clear that Cypriot S. littoralis larvae were susceptible to

'Prodan’ although the most effective formulation { "Prodan 1,000°)
was not available, and the dosage appropriate for-in?estatione of
lucerne pastures on the island was not ascertained. A provisional
costing of the use of 'Prodan’ bait besedon the dosages used in

these preliminary trials is given in Appendix 7:1;
7.{4) Conclusions

With thé present state of S. littoralis pest control research findings

in Cyprus, the best ocption farmnrs have of improving‘coat sfficlency
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intcontrol‘is by adopting a rotational use of the three insecticides:
chloropyriphos, methomyl and methamidophos. Certain disadvantages

| of using sprayed insecticides exist, possibly the most impoftant
being the destruction of beneficial arthropods in the pasture and
the safety period required before the crop is safe for livegt@ck
feeding. These problems, and the need for an investment in spray
equipment, would render these compounds less attractivé, espécially
to type 2 farmers, 1f the bait ‘'Prodan’ was ¥ully tested and found

to be economically competitive.
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SUMMARY - CHAPTER 7

Cypriot lucerne farmers use insecticidés f@r'controlliﬁg armyworms
on their lucerne crop. However, the majority use compounds that ars
not very effective for this purposes. The results of insecticide
trials on the island suggest that sprayed chemicals - chloropyr;phns,

methomyl and methemidophos offer the best protection against armyworms.

Certain indirect costs aﬁd benefits of insecticids. treatment are
recognised such as the development of resistqnce by the pest and
the resultant need to transfer to more expensive chemicals. The
indirect costs of destroying 'beneficial’ non-targai organiams are

discussed and a scheme for estimating them is given.

The potential use of baited inssecticide granules for armyworm control
on lucerne is considered good, especially for the control of post-

cropping residual larval populations and those occurring prior to

harvest (when it is unsafe to spray the crop).
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CHAPTER 8

Predicted crop loss and the economic threshold of treatment

8.{(1) Introduction

In this chaﬁter, a scheme is described which has been incorporated
into the larvél infestation simulation discussed in Chapter 6. The
extended computer program calculates the predicted loss and the
economic threshold @%.treatment, with infestation timing, crop

value and cost of control entered as variables.

8.{(2) Predicted crop loss

For the conversion of total damage into total loss the specification
of three additional variables is required. These are the unit value
of the crop, the weighting factor expressing.a farmer'’s prefersnces
- for lucerne leaves rather than stems in their lucerne hgryests,

and the elasticity of demand forthe crop or the products derived

from it.

Let the value of crop lost at harvest be E CE/tonne (frash wt.l;
the quantity of leaf damage be DL tonnes (Ffesh wt.]/h&. and the
quantity of stem damage be Dg tonnes (fraesh wt.)/ha. Also, let
the proportion @f the value of an undamaged crop (i.s. 1:1 leaf
- to stem weight ratic) that may be attributed to the‘leavea bs X,
where X may take any value from @Ito-lg Then assuming perfect

slasticity of demand:
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Total loss (¢) = 2X(E.D|) + 2(1-X)(E.Ds) 8:1

In a situation where farmers are faced‘with a falling demand curve:

Total loss () = ¢(E%£l ‘ 8:2

where e = an expression for the glasticity of demand.

This scheme was adopted to transform the damags predictions made by

the simulation into expsected loss.

Tucker and Hodson (C.@OP,RQ unpublished report) presented date on
the fresh and dry weights of Cypriot grown lucerne leaf and stem
samples. The fresh to dry weight ratios g;rivad from thess data are:
leaves 5.07:1 |
stems 4.82:1
The predicted leaf and stem damage estimates are therefore convertead
from dry wt,gg/m%(dl to fresh wt.tonnes/halD) by:

D, = 0.0507.d

L 1
s = 000482Qd8

Farmers may e£hibit diffaren;es in prefersnce for leaves and stems
as a fodder crop for their livestock. For instance, the similar
totel ensrgy available in the leaves and stems may cause farmers
whose livestock are kept for work purposes (i.e. donkeys, mules

or horse etc.) to be indifferent between lsaf and stem damags;
agein they may favour stemmy lucerne if thsy ere also feeding
animals concentrated energy foods, since stams proyide more

roughage. On the other hand, those farmers meinly interested in
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production’ from their animals (either as dairy products or flesh from -
growing animals), due to the higher protein content of the leaves, |
may prefer leafy lucerne to an equal quantity of aefoliated lucerns.
Consequently, this factor is-ieft as a variable, and a raﬁge of

values for X tested in the scheme.

It seems unlikely that individual lucerne farmers in Cyprus are in
anything but a perfectly elastic demand situation. Consequently,
damage is valued on a pro-rata basis with uhit cr@ﬁ value. However,
in the event of an increase in type 1 cultivated péstﬁres, perhaps
for seed production or as & basis of & lucerne meal industry as in
Israel (4.(3)), then a facfﬁr such as that shown in equation 8:2 may
be necessary to more accurately predict loss for a farmer in large scale
production.

Predicted loss is calculated by the program when the indicator flag
(L Flag) is set to 1 (resulting in chenge in the data card 2 shown in
table 6:5 from 0,0, to 1,0,) and alsé when two additional variables
are_spacifiad.. These variables are X (represented in the program

as XL), and E (represented in the program as EL). These ars

entered as real numbers on the same data card fsaparated by a.cmmma).
This card is positioned afte; the seventh data card shown in

table 6:5 (1.e. M).

"Crop value (variable E}is not derived directly from the expected
profit of growing lucerne (table 3:4). This is because profit is a
residual revenue figure which is net of & nuebar of cost itsms that

will have been already incurred by the time the fermer is conoiderind
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pest C@ntrél. To maximize future income a farmer will only take
into consideration his anticipated future receipts and expenditures.
Consequently, E is the gross revenue that would accrue from thé

sale or use of the predicted damage qusta.if saved, minus any
costs.(excluding for the moment any pest control treatment costs)
that are incurred by realizing this revenus. @f those items listed
in teble 3:4 only harvesting, conservation and possibly irrigation
costs will be uncommitted by the time the farmer is considering
pest control investment.l Farmers wishiﬁg to maintainlé viable
lucerne pasture for the remainder of the season will irrigate irres-
pective of the presence of the pest, consequently, the costs of any
irrigations still outstanding when larvae are detected can be
c@nsidered as committed expenditure.z chevér, a damaged cfap

may result in reduced harvesting and conservation costs.

The reduction in harvesting costs with increasing damage can be
expressed as:

h(@L + Dg)
where h = the cost in Cﬁ/tonne fresh wt. of lucerne of harvesting and

conservation as estimated in Appendix 3:5.

In the program, the constant (h) is entered as C£0.350/tonne. This

is & reasonable approximation of the costs encountered by type 1 farmers,

X .
This refers to the consideration of developing infestations as described
in Chapter 6. Farmers will have considered crop protection before
committing themselves to the cultivation of a particular crop.

2

Unless the lucerne pasture growth cycle under consideration is the
last one in the four year life of the crop (the probability of which
is 1 = 0.027).

4x9
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and type 2 farmers who value their permanent labour at CSU.USO/hr.'
(3.(2)(f)(11)). The variable E is therefore entered into ﬁhe»prugram
with 8 value equal to the @pportunity cost n? lucerne in C&/tonne
fresh wt. (3.(2)(F)(1}), and the program automatically adjusts

for any changes in the expected harvesting and conservation costs.

8.(3) The economic threshold of treatment

If in addition to the L Flag indicator being sat to l} the ET Flag
indicator is Slso set io 1 (resulting in a change in the date |
card 2 shown in table 6:5 from 0,0, to 1,1,} the program calculates
the sconomic threshold of tréatment. This is definéd genserally inv
1.(2), but is defined here as the lowest density of first instar
larvae occurring on a specified day in the lucerne growth cycle.
thaet 1if uncontrolled may be expected to éause crop lﬁsses equal

to the value of & control trsatment. This scheme requires thé
specification of an'additiunal variable: (Ecl the cost of

control. However, other variables do not requirs specification,
consequently, table 8:1 has been given to show the form and ofder
of a set of data input for the ecnnoﬁic threshold scheme. In
Appendix 8:1 the simulated aconohié-threshold of treatment for

a range in values of X, E and Ec have been given for larvas
‘occurring from day. 1 to day 27 in the lucerne pasture growth

cycls.



TABLE 8:1 Data input for the economic threshold scheme
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Card _ Program Real or Representativeg -
number Type of data variables integer Values
—
(1) Instruction to read data - - & RUN
(2) Indicators for scheme L Flag, ET integers 1,1,
Flag
(3) Cost of control in Cf/ha | E_ real 5.5
(4} Dispersal ratios by integers 1,3,4,36,60,23
'instar’
(5) Daily mortality rate by M real 0.35,0.20,0.26
*instar’ : 0.08,0.06,0.05
(6) Proportionate valuas of XL, EL, real 0.7,5.6,
leaf (X) and total value
of crop (E)
(7) Instruction to end or & RUN or &'END
read in a following set ) -
of data
e
8.(4) Conclusion

Apart from the wet-dry wt. ratios and the estimated cost/tonne of

harvesting and conservation, the two schemes described in thie

chapter do not incorporate aﬁy additionsl empirical data.

Consequently, the limits to the accuracy of the threshold valuss

given in A8:1 are essentially thoese of the simulationdescribsd in

Chapter 6.
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CHAPTER 9

General conclusions and recommendations

Currently, the most cost effective and proven method of dealing

with S. littoralis infestations on lucerne is by applying one of

the three sprayed insecticides discussed in Chapter 7. It has been
stated (1.(2)) that the hain problem facing potential users of
insecticides is that of.predicting crop loss from given levels of
infestation. Consequently, the economic threshold values offered
in Appendix 8:1 provide én'immediate policy aid to growers.
However, some important limitaetions of the empirical data used

to derive the threshold values have been indicated (Chapter 6].
Therefore, we recommend that the tables be used with the caution
appropriate for first estimates. In particuler, it appears |
probable thatAthe suppression of regrowth by residual populations
of larvae result in economic infestations at larval density levels
lower then those estimatéd in Appendix 8:1 (fig. 6:8 indicates
that suppression of regrowth occurs until the residual larval

population falls below 5 large Iarvae/m?l,

Teble 7:3 gives the safety periocds between inneoticida spraying
-and the time when the crop may be fed to livestock. If sconomic
infestations are predicted in the latter part of the lucovmé growth
cycle when thers is not sufficient time befors harvest for the crop
to be rendered safe for feeding in:the fresh state, one éﬁ two

courses of action may be adopted. A farmer may either use an
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insecticide such as 'Prodan', which is in a formulation that does
not contaminate the crop, or he may harvest his lucerne prematurely,
and then treat the cropped pasture forvany residual infestation.
It has been stated (7.(8)) that the insecticide 'Prodan’ was
found to be most effectlve after cropping, however, it may be
least reliable in nearly mature pastures where larvae are feeding
at the tep of the lucerne stems on an abundant supply of foliage.
Consequently, we suggest that late infestations are gontrolled
by premature cutting, a ﬁractice that probably does not adversely
affect crop vigour if adopted in moderation (3.(2}(d)). To
minimize-diract and indirect costs (7.(4)) of treating any
residual population with insecticide, ‘Prodan’ bait should be
used. However, this insecticide was not fully tested in Cyprus
and cannot be given an unreserved recomméqﬁati@n as an effective

technique.

The preliminary recommendations arising from this study are that
lucerne farmers should treat their pastures with one of the three
insecticides: chloropgriphos, methomyl or methamidophos (and with
periodic changes in the compound used), at the dosages shown.in

table 7:3, whenever the density of new hatched S. littorelis

larvae exceeds the density indicated in the appropriate economic
.threshold table in Appendix 8:1. Hddaﬁérg when an economic
infestation is éxpécted to occur within 7-10 days of harvest

and a farmer wishes to use his crop in a fresh state,then the

‘crop should be cut before the larvae develop to cause significant

damage,l Any residual larval population occurring‘ih the subsequent

l'ls’his can be tested by using the control schema in the program where
the timing of control is set to the anticipated timing of the prematurs
harvest. A simpler general guide might be that infestations do not
cause significant damage until they have reached the fourth inatar -
stage (day 6-8 after hatching).
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growth cycle, that is in excess of 3 larvae/m?, should be treated

with 'Prodan’ -bait épplied at a dosage of 45 kg/ha..

We hope that these preliminary recommendations may go some way to

-dmproving control of S. littoralis, however, they are largely untried

and consequently require further trials before they can be
established as effective. The main aim of this work was tovattempt
to identify the major technological and ecoﬁomic problems associated
with the pest, and to formulate a framework to deal with some of
those. A cbnsequence.of this broad approach has been fewer solid
data on which to base all of the conclusions offered. This is

'regrettable. However, the search for such data in similar problems

has sometimes resulted in the germination of numerous sub-projects
which develop away from the original objectives. In this study,
.the relevance of future work in such fields as pest mortality and

: crop injury compensation can be seen, and the potential value of

reliable data for these parameters in terms of increased accuracy

.of crop loss prediction, can be estimated. We hope therefore, that
' the integration of a number of facets of the Cyprus armyworm problem
will prove, in itself, to be.a useful contribution to their economic
control on the islaﬁd. In addition, we suggest that the simulation
described in Chapter 6 and the additional schemes in Chapter 8

© combine enough characteristics common to a variety of pest problems
that they may provide a useful primary structure for modelling

other crop pest systems.



APPENDIX 2:1

The estimated costs of flood and sprinkler irrigation in Cyprus

The cost of each unit of water from government-sponsored irrigation
schemes such as dams, are estimated for sach project and water is
sold to the farmers at a price commensurate with these costs.
However, the major quantity of irrigation water used on the island
is supplied from groundwater sources under pfivate.ownership and
exploitation. The costs associated with exploiting tﬁese privately
owned wells haQe not béen satisfactorily estimated. In this appendix,
an attempt is made to 1den£1fy the cost components of the two most

- prevalent irrigation systems using pumped water. These are fisld
flocding, and the use of pipe and sprinkler equipment. In addition,
provisional estimates are made of the likely cost incurred by using

each system to irrigate lucerne pastures ranging in scale from

0.1 ha.- 10 ha..
It is assumed that a farmer has full control over the grqundwater
required for his crops, and that the rate of pumping is not

limited by the charactaristics of the wall.

A2:1(1) Costs of sprinkler irrigation

Three major cost components are recognized:

(1) Capital investment: pipes, sprinklers and pumps
{2) Running costs: pumping etc.

(3) Labour: moving pipes



Capital costs of sprinklers

Let: A = Total srea in ha. irrigated at any one time by
existing investment in sprinklers
Csf = Annual fixed costs/ha. of sprinklers due to

depreciation (including interest charges), in Cf£

Variable costs are effectively zero.

. Total annual costs = A.Csf

Cost of gathering and laying pipes

These are labour costs.

Let: T = Total area'to be irrigated in ha.
n, = Number of times T area is irrigated/yr.

r = Cost in Ci/ha. of laying pipes

Cost of gathering and laying pipes = T.r.n1

“

Transfer piping

..Tn economize on the number of pumps and bore-holes required, transfer
piping is used to Earry water f:om the bore-hole and pump to an area
some distance from it. This method can be also adopted for economizing
on the amount of sprinkler pipe used. It is clear, that if no transfer
piping was used the area of sprinkler oquipm;nt available to the fer-

mer coqld only sarve at the most four adjecent'eroas to the bore-hole



(Fig. 1). -By using a transfer pipe equal to the length of the

square A (Fig. 2), it is possible to irrigate a further 8.A without

Fig. 1 | Fig. 2

)} 5 5]
Area of sprinkler
i t = Anh L) =
equipmen a . transfer plpe
Area served by one 1 2 | . ///// B
bore-hole with no o ’
transfer piping = 3 4 \\\\\\~_ .
bore-hole

further investment in either sprinklers or pumps. The total aresa
covered by one pump and bore-hole with a transfer pipe length 1p
and lateral extent of sprinkler equipment.A, is a circle with a
radius 1p + vA (this assumes the bore-hole is situated in the

centre of the field).
Total Area = w (1p + A2

The length of 1p will be aqua} to twice the length of area A from

the total area to ﬁe irrigated: 1lp = /T - 2/ A

If Csf is the total annual cost of 1 ha. of sprinkler pipes which

are laid in 5 rows across a 1 ha. field, then the use of one pipe
Csf

'és a transfer pipe costs =

Total cost 1 yr. of lp transfer piping = E%ﬁt/’f-z/Til
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Movement of sprinkler pipes

Let n = number of times sprinkler pipes are moved to cover the field

once
ned
A
Pumping
Let: Ch = Apnnual fixed costs of bére-holes in CSI.
Cpf = Annual fixed costs of pump and turbineldus to
deprecistion (including interest charges) in C&
Cpv = Variable costs/hr, of operating pump {(fuel,
maintenance etc.)} in C&
t = hrs.used/yr..
If: w = water requirements of 1 ha. of crop for each irrigation
ny o number of .times T is irrigatgd/yr.
.rl = pumping rate is m?/hr. |
then t = n, (Ii%]

Total cost of operating 1 pump/yr. .= Ch ¢ Cpf ¢ Cpv.t

and total cost of operating np pumps = np (Ch + Cpf) + Cpv.t

Labour ‘dead’ time associated with sach pipe moving

Each time the farmer wishes to irrigate A area he has to arrange

to transport his sprinklers and transfer piping and atart his pumps.
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These activities may not take a long time, but if the farmer has
a high T:A ratio (ratio of total aresa to be irrigated and total

" sprinkler area available) this 'dead’ labour time.is an additional
factor that might influence his decision to buy more sprinkler

equipment.

(1) Labour required to arrange for the transport of sprinklers
will be directly proportional to the number of times thay are

moved (i.e. n and n, using the above notation].

1
Let Csup = Cost of this factor for each move of sprinklers (in CE)
Then total set up costs/yr. = ny (nacsupl .

{2} The same costs are associated with moving the transfer piping.
It is assumed that transfer piping is used whenever T > 4A, and

is moved once for every additional A area required to cover total

T. If a second pump is added then additional 4A arcas are irrigated

free of transfer piping.

Let Csut = Cost of this factor (CE)} for every move of a transfer pips.

Total transfer piping labouru°dead” time costs = n, (n.C (n-4np)

1 sut sut

Combining (1) and (2)
Total labour 'dead’ time of moving sprinklers and pipes =

nltn'csup ® ngcsutscsut(n~4np)]

The total cost equation for'sprfnkler irrigation

: | B ®
T.C. = (A.Ca% gpmh s cpf) ¢ S0 a:/"‘r z/")

(“ltmcsup + n.C (n 4anJ (T.r.nJ [va.t]
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Equation terms

Varies with T and A (size of field and available sprinkler area).

Varies with the number of pumps.
and Vary with the number of irrigation moves.

Varies with T, the size of field.

A2:1(2) Costs of flood irrigation

With. this method of irrigation farmers merely allow pumped watsr

to flow onto their fields. The water is directed in 1.5m. channels
by small dykes. By breaching and rebuilding these dykes & farmer
can directthe flow into each of the channels and thus flood the
field. This method requires superwision.by the farmer to maintain
an sven flooding of the field, but fequires no equipment other

than a pump. Water is transported from field to field by dug

ditches and culverts (ses fig. 5:9).
There appesar to be only two major cost components:

(1) Capital investment in pumping equipment.

{2) Supervision of flooding (labour costs).

Pumping Costs

Using the same notation as in A2:1{1) the pumping costs ars:
np(Ch + Cpf) + Cpv.t*
*t will be higher with flood irrigation as this method requires

more water/unit arsa irrigated (i.s. w is larger).
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-

Labour costs

It will be assumed that a farmer can supervise more than one pump

if the need arises.

(1) Let Cl = labour costs associated with supervising pumps and

flooding in CE&/hr.

Using the same notation, total labour costs = E%fji

Total cost eqya%ion for flood irrigation

E%éE + np (Ch + Cpf) o* Cpv.t

T.C.

A2:1(3) Substitution of values in the companent costs of sprinkler

and flood irrigation for lucerne pastures

Wherever possible cost estimates of items are taken from the most

recent Cyprus Government publication (Papachristodoulou, 1970? on
agricultural machinery costs:z When no guidance from published sources
exiéts, reasonable estimatss are made by the author, based on observations

and personnel communications.

A .t Area of sprinkler investment in ha.

T : Total area of lucerns plot in ha.

r .~ ¢+ Cost of pipe laying expressed as & rate in Cf/ha. The farm
manager at the A.R.I. farm estimated CE£}1.50/ha. (based on
two women and & tractor driver wafking for approximately

2.5 hrs/ha.) . | : .
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n : Number of irrigations of the field (area T) in one year = 1B

w : Water requirements/ha. of lucerne/irrigatioh

. A R 3,.
(1) sprinkler irrigation w = 700 m.) {(source: Hadjichristodoulou,

3] pers. comm.)

(2) flood irrigation w = 1200 m;)
ry : Pumping rate estimated at 120 m?/hr
Ch : Fixed costs of bore-hole/yr. As there is effectively a zero

3
rate of depreciation, fixed costs will be equal to the annual

rate of interest on the original)bore-hole‘drilling cost
expenditure. Aséuming a cost of £100 and a 6% interest
rate Ch = C£6.000

Cpf : Fixed costs of pump and turbine = C£65.000/yr.

Cl ¢+ Labour costs Cf£.200/hr.

Cpv : Variable costs of pumping = C£0.217/hr,
C : C£0.075 .
sup
C : C£0.075
sut
np : Number of pumps. The addition of another pump to a

sprinkler system is justified when term B in the total
cost equation exceeds term plus some of the labour
dead time of term C]. In other words pumps are traded

off against transfer piping. A more fundamental constraint
nécessitating extra pumps occurs when the total number

of hours pumping (t) required by one pump to complete

the years irrigation, exceeds the time available.

By substitution it is found that a field of 100 ha. with a large
amount of transfer piping still requires only one pump to minimize
total cost, but 1 ha. requires 94 hrs pumping/yr. If a pump is

used throughoutthe summer (allowing for maintenance stops) the
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maximum area it could service would be approximately 25.5 ha.

Therefore fields larger than 25.5 ha. require at least two pumps.

The addition of another pump to the flood irrigation system is

only justified when there is not sufficient time available for

the completion of the years irrigation. 1 ha. requires 133 hrs/yr.
One pump can.therefore service approximately 18.0 ha. of lucerne.
In practice, flood irrigated lucerne fields Ef this size do not
exist in Cyprus, it is therefore assumed that each farmer who uses .

flood irrigation uses only one pump.

Substitution for sprinkler irrigation

The cost equation for sprinkler irrigation presents a potential
trade-off situation between labour costs, transfer piping, sprinkler
piping and pumping costs. The optimum least cost solution to the
equation will change according to T the total area to be irrigated.

. Table A2:1(1} gives 4 solutions with T ranging from 0.1-10 ha. and
with varying values of(A)(éxpressed as a fraction of T). Fig.
A2:1(1) is a graphical plot of T =5.0 ha. with changing values

of A.
The trends that emerge from these solutions are that (1) the larger
T the larger is A for a least cost operation and (2] the larger T

the smaller is A as a proportion of T for a least cost gperation.

Substitution for flood irrigation

For a given number of pumps there is only one solution to the equation
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for each value of T. These costs are given in Table A2:1(1).

AZ:1(4) A comparison of sprinkler and flood irrigation

Fig. 3:3 in text gives the minimum cost in total C£/yr. for both
systems from 0.1-10 hectare fields. The general conclusions are
that below 0.2-0.3 ha. ?l@od irrigation is cheaper than the least
cost sprinkler system, above this value flood irrigation becomes
progressively more costly. Owing to the fixed cost componsnt

of the pump (C£71.000 per year) both types of irrigation show

a marked increase in costs/ha. below 1 ha. This is a possible
further reason for the sharing of pumping facilities by numerous

émall producers.
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Size of the Area of . . . Total Cost Totel cost
Lucerne Field Sprinklers Solution of Equation Terms in CL/yr oL /yr ce/yr ‘
(T) as a proportion -~ =) 16 irrigations| 16 irrigationms
of total n 3 by sprinklers by flooding
A
T
T = 0,1 ha A = 0,017 100 0.030} T1.000 2,324 | 235.200 4 kOO 312,954
. A = 0,057 20 0.170} 71.000 1.63 13,200 L 40O 120.401
A = 0.20T 5 0.690] T1.000 0.931 T.200 L k0O 84.220 17.67T2
A = 0.50T 2 1.730] T1.000 0 2,400 k.00 .
A = 1,007 1 3.460] T1.000 0 1.200 L koo 80.0
T = 1,0 ha A = 0,01T 100 0.346| 71.000 5,600 | 235.200 kL .000 . 356.140
A = 0.05T 20 1.730{ T1.000 i, 660 43,200 Lk 000 164,590
A = 0,20T 5 6.920| T1.000 3.490 7.200 Lk, 000 132,610 137.720
A = 0,50T 2} 17.300}{ T1.000 0 2,400 4k . 000 134,700
A = 1,00T 1} 34.6001 T1.000 0 1.200 Lk 000 150.800
T = 5.0 ha A = 0,01T 100 1.730) 71,000 | 12.43 235.200 | 220.000 540, 360
A = 0,05T 20 8.650 | T1.000 8.56 43,200 | 220.000 351.410
A = 0,20T 51 34.600| 71.000 1.56 7.200 | 220.000 33k, 360 Lok . 600
A = 0,50T 2] 86.500| T1.000 0 2.k00 | 220.000 379.900 .
A = 1,00T 11173.0001 T1.000 o 1.200 | 220.000 465.200
T = 10 ha A = 0,01T 100 3.460| 71.000 | 20,500 | 235.200 | LLO.000 770.160
A = 0,05T 20| 17.300| 71,000 { 18.900 43,200 | k40,000 37.250
A = 0,20T - 5] 69.200| TL.000 1,750 7.200 | kLko.000 589.150 738.200
A = 0,50T " 21173.000 | 71.000 0. 2,400 | 140.000 686.400
A = 1,00T 1| 346.000 | T1L.000 o 1.200 | 440,000 858.200
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APPENDIX 3:1

Growers' questionnaire and damage survey (1872)

A3:1(1) Introduction

During September 1872, letters in Gresk warelsent to the top
official of each of those villages in Cyprus with any appreciable
quantity of irrigation water. Thess letters requested the return
of a list of all the farmars in the village who grew either:

lucerne, late potatoes, tomatoes, beans or artichokes.

Within two weeks, approximately 35 lists had besn returned from

the total of 64 villagés to which letters had bsen sesnt. Subssquently,
visits were made to the mors important farming villages from which

no lists had been received. In this way a list of 1,064 farmers
growing at least one of the five crops was accumulated. These

farmers were distributed amongst 49 villages.

A five part questionnaire was constructed to send to the farmers
listed. The objective of the questionnaire was firstly to establish
the cultivation practice by Cypriot fermers of the five main
Spodoptera sp. host crops: lucerns, late potatoes, tomatoss, beans
and artichokes. Secondly, to assess the overall level of pest
damage by Spodoptera sp. in 1872. Finally, it was hoped that the
questionnaire would establish the normal gontrol practices adopted

by the farmers in fcmbating Spodoptera sp. infestations.
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Only those parts of the questionnaire which were relevant to the
particular farmer were sent. Hence, those growing only lucerne and
artichokes were sent, on introduction, a questionnaire on luéerne
and artichoke cultivation end damag@,'and the concluding tabulated
questions on insecticide applicetions. In addition tb the questions
on their crops, fermers were supplied with a photocopy of a map

;af their village with field boundaries marked on it. They were
requested to identify their fields and indicate which of the five
crops they were cultivating. It was hoped that a pattern of damags

would emerge from these individual records.

The questionnaires were translated into Greek and Turkish and

distributed according to nationality to the 1,064 farmers on the
list. During the following weeks visits were made to thscoffee
shops of the main villages sampled and farmers were psrsuaded to

complete and return their questionnairs.
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A3:1(2) The questionnaire

It is ver& important that you complete and return this questionnaire
even if you had no damege from larvae this year, or the area of land you
own is very small. Would you please mark the position of your fields
on the map of your village provided, using the notation below.
for potatoes
for lucerne
for beans

for tomatoes

?H@g%

for artichokes

Write here:
(l) Yow Name QOQOQQOQOOOGOQQQOGQQQOQQOQQQOOQOQQQOOQQQQQOQOQQQQ
(2) Your Village Q;QOQIDOOOQQQDDOQOOQOOOOOQOOOOOOQOQQOQQQUQ0000

(3) How many donums of land doryou rent,
own, or belongs to your wife ceoeceorerecesersccon e

To make this form easier to complete some examples will be given
on how to answer the types of questions asked. If you are asked the
amount of anything or the number of times you did something write the
number in the box alongside the question., For instance if you are
asked how many donums of lucerne you cultivated in 1969 and the amount
was three donums fill in a 3 in the box. So:

(1) How many donums of lucerne did you
cultivate in 1969? 3

Where you are asked to choose between two, three or four or more
answers put a (+) in the square opposite the number most correct. For
instance if the question appears as below :

(2) How many times a month in the summer do
you water your tomatoes?
Once
Twice +

Four times

More than four times

and you had vatered them twice you would put a (+) in the box as in
the example above.
4
If the question is 1n the "yes" or "no" form  you will put a (+¢) in
the box &longsxde the "yes", if you agree or the "po" if you don't. For
instance in the question below:

Did you have any damage from larvae in 19721 YES| + Ko
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?nd You had had demage you would put a (+) in the box alongside the
'yes" as shown in the example.
These are the questions to be answered by you.

(1) In the table below fill in which crops you grew this year
and how many donums, and also the number of animals you have.

c Number of Livestock
Tops Donums Type !Numbers

Sheep
Goats
Cattle

QOthers
(name them)

LUCERNE

(1) How many donums of lucerne did you cultivate:

— in.1969 in 1970 in 1971 in 1972

(2) 1If the amount of lucerne you have grown has fallen in the
last few years is it because

(1) Water shortege

(2) Other reasons

If other reasons please state them coecesccccccecsesbenco e

QQQEQOQOOQOQQOQCQQ!OQOO0QQQQOQOOQQQQOQQQQQBQDQﬁQQeOQQOOOQQUO

T o rass



(3)

(&)

(s)

(6)

(1)

(1) Once every cut

How often do you irrigate your lucerne.

(2) Twice every cut

(3) Three times every cut

(k) More than three times

Which method do you use

Flood

Pipes and Sprinklers

How many days between harvests?

In the months April -~ June

July - September

October - December

¥hat do you use lucerne for?

Feed it fresh
to livestock

Sell it fresh

Sell it as hay

Sell it as meal

If you sell your lucerne where do you sell it?

To neighbours
In the market

To the Government Co-operative

If yes, how
many donums

276
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(8) Have you had any damage from larvae?

Yes ' Ko

If yes then read these instructions and fill in the
table below.

. The damage to the leaves may be all the leaves gone,
~ half the leaves gone or just some. Put a (+) in the
box appropriate to the amount of damage you had in your
lucerne during the months of June - December.

Please indicate also whether the damage was due to small .
green larvae (Laphygma) or large grey ones (Prodenia).

Month QDSIE&EE jci LiaZf..Lirzal E‘{pf. How many | ' _ _ _ oo - .
: A1l ! Half ! Some | Grey ! Green | donums 1Lyrl?2 yrﬁ;é_er b yr

How 0ld is the pasture?

June

Y I

| )

t )

August f P

! ,
{

September

v
|

October !
- |
|

November
0
!

December

- wn wm T oy anp e S TR, SR T cmm Ty =

»
»
!
'
!
'
i

b oy s e -

(9) Have you used insecticides on lucerne this year?

(1) For aphids Yes Fo

(2) For larvae Yes No

If you did use insecticides when did you apply them?

(1) W¥hen you saw damage

(2) Before you saw damege




If you used insecticides
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How many
donums

each timel Kﬁapsackﬁ Practor

Which equipment ®

How high

was the
lucerne
(centimetres)

Name of
insecticide

How many
Month | times did
you use -
then
June
July
Aug.
Sept.
Oct.
Nov.

oy gy Ny = R P CHEE W e cwyy Ty Qe

%If you used baits or dusts indicate here

LATE POTATOES

(1) How many donums of late potatoes did you plant

in 1970

in 1969

in 1971

in 1972

(2) 1If the area of potatoes you have grown has fallen in the last

few years is it becsause
(1) water shortage

(2) Other reason

If @ther re&s@ns please state them ceeeceeeoeOoeP RO PR EOOEOERECROEOCECEOECEOEECES

(AR AN ENE R RN NEREENENENENEEENEANENEENNENERENNENEENNNNENENN RN N NNNN NN X NN NN NN

(3) How many days between each watering




(4) Wnich varieties of potato did you cultivate
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Varieties

Date Planted

Date Harvested

VM F W N

(5) How many days between each irrigation.

(6) Have you had any damage from larvae this year.

YES

If you have had any damage this year read the instructions

NO

and complete the tables below.

-?

The damage to the leaves may be all the leaves gone, half the

leaves or only some of them.

Put & (+) in the box appropriate

to the amount of damage you had on your potato plot during the

months of August - November.

Please indicate whether the

larva causing this damage were small and green (Laphygma) or
large and grey (Prodenia).

Months Donums Type of larvae Damege to leaves
affected Green g Grey All 4: Half : None
{ ! {
August 3 3 '
September f g g
! !
October ! f 9
] I !
November { ° I :




(7) Did you use an insecticide on your potatoes

If yes, please complete the table below:

YES

NO

280

Months How many How many Which equipment Name of
time:rgig you 323%:;51 Knapsack 2 Tractor ?ﬁ:ecticideq
August g
September]
uOctober %
Novenber :
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A questionnaire for Tomatoes, Beans and Artichokes was also prepared.
These were identical to the questions on potato cultivation except for
the table asking for varieties grown; this was omitted.

A final teble on the questionnaire was aimed at establishing the
types of imsecticide used by farmers. .

Table Instructions

¢ o
Write in the table below the names of the insecticides you have

bought, the amount of each and whether you used them for larval control.

Month Name of Amount Was it for Fmame of Agent
insecticide| bought larvae or from which you
in wt. or | other pests [purchased it

volume y

T
Larvaev Other

|
f

April |

-y oy AP N mpED T W SNy WS

Detober

November

han o —wn o> e
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A3:1(3) Questionnaire results

In spite of the persuasion to farmers to complete and return the

questionnaire, only 158 correctly completed returns were received,
constituting a 15% total response rate. These returns represented
an ownership of 6,500 donums (871 ha.) of farmland, of which 2,347

e

donums (31%4.5 ha.), were irrigated.

The data was translated onto computer cards and analysed. It was
found that greater than 80% of the farmers recorded damage at some
time during the 1972 season. This figure was much higher than that
estimated from the pe‘st survey (Appendix 5:1), and it was thought
that the farmers returning the guestionnaire were motivated

towards improved Spodoptera sp. control due to recent damage. The
returns were therefore considered too biased to be of use in the
estimation of total damage on the island, or the estimation of any
regional trends indicated by the photocopy maps. However, the
assumption was made that they were & representative sample for

the purposes of establishing the normal cultivetion and pest control
practices adopted by fermers. This implicitly discounted the

possibility of liability to damage being dependent on such factors.

The tables below are the data from essumed ‘neutral® questions
the results of which are used in the text. In situations where the
full data is given in text the results are not reproduced in this

appendix.
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TARLE A3:1(1) Frequency of lucerne plot ownerships reported

Rumber of Area of Lucerne 'I Nuﬁﬁer of Area of Lucerne
Farmers Field Ownership Farmers Field Ownership

11 0.13 ha- 2 1.56 he.

9 0.26 ha. 2 1.69 he.

T 0.39 ha. 1 2.k3 he.

6 0.52 ha. 3 2.50 he.

3 0.65 ha. 1 2.76 ha.

2 0.78 ha. 1 3.02 ha-

3 0.91 ha. 2 3.41 ha.

8 1.0k ha. 1l 4.32 ha.

2 1.17 ha. 1 k.58 ha.

k 1.30 ha. 1 8.55 ha.

1 1.43 ba.

TABLE A3:1(2) Interval between summer lucerne irrigations

Number of Interval Number of Interval
Farmers in days Farmers in days
1 3 b n
1 b 3 12
5 5 2 1k
6 6 1 15
-2 T 1 17
18 8 2 20
5 ’ 9 2 2b

3 10




TABLE A3:1(3) Reasons for decline in area of irrigated crop
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cultivation
Late ) . All
Lucerne Potatoes Tomatoes | Beans | Artichokes Crops
No decline 6k 45 3k 28 10 181
Water 3 1k 2 1. 1 3
Shortage _
Other 4 T 1 2 0 14
Reasons
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APPENDIX 3:2

Results of lucerne growth assessment trial

Table A3:2(1) gives the results of the sample harvests taken at

different intervals after the harvest of a pasture om 29.9.T3.

TARLE A3:2(1) Dry wt. yields of a series of destructive harvests

during a lucerne pasture regrowth cycle in

September-Qctober 1973

fomiing tize || Pt g il e | e viee

last harvest quadrat samples

Harvest 29.9.73 1 : 2 ! 3 : b
8 50 3.5 ‘b, 35 16.0
12 17T ;20 , 23 115 5.0
16 22 1235, 2.5 | 23 89.0

—20 3T 'so v ke ' 173.0

2k B4 1 k3w 168.0
28 28 1 b0 ! 35.5 51 15k.0
N B '8 53 | 1m5.0
3 m e ) o= b 169.0

The lucerne was harvested by hand, picking each of the fresh green.
shoots growing within the area of the 0,25113 quadrat. This methbd

was favoured instead of using shears to crop the pasture as it

ensured that only the newly emergent shoots were collected. This_

was considered to be & possible source of discrepancy between these
results and the daja collected by Hodson and Tucker (see text 3.(2)(c)).

These workers used shears, and therefore collected some older stubdbly
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material which was depnse, and could cause an upward bias in dry

weight estimates of very early regrowth.
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APPENDIX 3:3

Results of lucerne cutting regime trials

Plots were lm% and adjacent to each other, the yield sample harvests
were taken from the centre of each plot using a 0',25m2 guadrat.
Table A3:3(1) gives the yields of the individual harvests and

the mean estimates in g/mz.

Table A3:3(2) gives the results of the chemical analysis of the
final harvests from the plots after an equal 42 days growth period

for all of the cutting regimes.



PAGE

MISSING
IN
ORIGINAL




2089

TABLE A3: 3(1) Yields from Trial Plots
Cropping| Harvest ([Cropping Dry Wt. Lucerne ing./m? for Means
Regime date Interval each replicate
(days)
(1) (2) (3) (b)Y (5)
1 8.11.73 | 125 26k.0 240.0 22L.0 288.0 190.0 | 2h.2
TOTAL 125 264.0 240.0 224.0 288.0 190.0 | 2hi.2
20.12.73 4o 305.8 311.% 307.0 333.9 315.2 | 314.7
2 1. 8.73 26 14k.0 1k2.0 116.0 136.0 116.0 | 1kL.8
25, 8.73 ok 190.0 198.0 170.0 154.0 170.0 | 206.L
- 19. 9.73 25 88.0 138.0 124.0 106.0 8.0 88.4
[ 18.10.73 29 126.0 1k2.0 132.0 136.0 132.0 | 133.6
8.11.73 21 98.0 84,0 116.0 93.0 66.0 93.6
TOTAL 125 648.0 TOR.0 658.0 625.0 542,0 | 666.8
20.12.73 b2 321.0 326.1 320.3 327.h 348.6 | 328.7
3 o4, 7.73 | 18 84.0 87.2 92.0 108.0 64.0 | 87.0
11. 8.73 18 108.0 98.0 116.0 88.0 102.5 |} 102.5
29, 8.73 18 ° Jj112.0 114.0 94,0 107.2 8u.bh | 102.3
16. 9.73 18 80.0 4k, 0 52,0 8.0 30.0 50.8
14.10.73 28 106.0 80.0 100.0 T6.0 60.0 8h. 4
8.11.73 25 10k.0 T2.0 8.0 72.0 6.0 7.6
TOTAL 125 59L.0 L495.2 534,0 L499.2 kb0O.9 | S0bL.6
20.22.73 42 347.5 337.9 339.7 383.% 385.4 358.7
b - [16. T.73 10 8.0 60.0 TO.0 T2.8 60.0 62.2
26. T.73 10 st.0 36.0 ko.0 26.0 24.0 36.0
7. 8.73 12 72.0 68.0 T4L.0 T0.0 68.0 70.0
i15. 8.73 8 i3.2 12.0 16.0 24.8 20.0 17.2
25. 8.73 10 25.6 3.0 20.b 38.0 b4,k | 31.7
. 9.73 1 10 4,8 0.4 8.4 10.0 10.k 8.8
k. 9.73 10 12.0 1.0 L0 0.8 3.0 b2
26. 9.73 12 0 0 0 0 0 0
1 8.10.73 12 b 8 b 0 0 3.2
23.10.73 15 b 8 2 0 0 2.8
8.11.73 16 0 (o} 0 0 0 0
mTAL 125 23796 233oh 2%8 2,‘20)‘ 22908 23601
20.12.73 42 0 0 0 0 0 i)

An analysis of variance on the total yields for the initial 125 day

period indicated ahighly significant difference between yields of the

different treatment regimes (>>.l%).

However there was no significant

differences between the total yields for regimes 1 and b and between

regimes 2 and 3.
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TABLE A3:3(2)

General chemical analysis of lucerne from the final harvest of plots in table A3:4(1)

Cropping Days Growth Yield in Lage Concentration of substance on a %age dry wt. basis (65°G)F
reﬁ'-me- dry wt. monsf§f¢ .
g/m2 (at 65°C) g ————
of fresh Moisture-'! Dry { Protein i Crude | Crudef Ash
plant at 100°C , Matter | (N x 6025)! Fibre | Pat |
1(1) b2 152.9 78.8 0.8 | 19,01 | 26,50 | 1854 % Wby 11,9
1(2) 42 155.7 18.2 10.72 ' 19.k6 |, 24.06 i 19.91»% 3.69 11.59
1(3) k2 153.5 18.6 10.35 | 19,9 | 2400 } 21,01 3.91; 11.58
1(k) L2 166. 8 76.8 10.03 ! 2087 | 2487 | 19.02 | 3.70; 0.k
1(5) 12 157. 6 18.0 9.86 : 19.70 |  25.56 , 19.57 ¢ 4.15; 11.08
MEANS P 157:3 78.1 10.28 | 19.68 o oh.99 | 19.715 3.92| 11.18
2(1) 42 160.5 77.6 10,62 | 20.06 ! 2619 ! 19.50 | k.19 11.k7
2(2) L2 163.0 17.2 10.46 | 20.38 | 275 19.97 § b.06 ; 11.31
2(3) k2 160.1 T7.5 .04 | 2002 | 26,06 | 18.64 1 3.98%.11.98
2(k) h2. 163.7 7.1 10.65 20.6 | 25.25 |, 19.16 ! L.25! 10.29
2(5) k2 17h.3 75.8 9.95 21.79 | 26.06 . 18.26 f 4.37 ' 10.90
MEANS b2 16L4.3 7.0 0.5 ! 20.50 t 25.66 | 19.12 g h.lT: 11.20
3(1) b2 173.7 76.0 9.48 | 2172 ; 23.75 | 20.34 ¢ 3.88 | 11.36
3(2) 42 168.9 - 7.6 9.76 + 21.12 25.56 ¢ 18.70 ' kL.,11 s 11.31
3(3) b2 168. 3 76.5 9.67 21.23 |- 26.9 ¢ 18,18 | L.07 11.56
3(k) L2 191.7 73.2 10.59 ! 23.96 | 2r.o7 | 15.92 | k.33 12.23
3(5) k2 192.7 3.3 9.76 , 2k.09 | 26.9% , 16.75 | k.11 | 11.50
MEANS b2 179.3 75.3 9.85 | 22.k2 | 2605 | 17.98 | b.10, I1.59

* L ]
Chemical analysis by courtesy of A.R.I. Chemistry Dept.
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TABLE A3:3(3) Statistical analysis of yield differences

Yield differences in { Regimes between which Level of
first 125 day growth differences were gignificance
period detected ]

1 and 2 > 1%

1 and 3 . > 1%

2 and 3 > 5%

2 and b > 1%

3 and b > 1%
Yield differences
between final harvests
on 42nd day of '
regrowth

1 end 3 > 2%

2 and 3 >10%

TABLE A3:3(k) Statistical analysis of nutrient composition differences

Regimes between
Plant Substance which differences ,Le.' n%c:: ce
were found signi

Meisture at 1oo°c, l and 3 > 25
and resulting dry :

matter 2 and 3 > 10%
Protein None

Crude Fibre ' None

Crude Fat Kone

Ash i None
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APPENDIX 3:h4

Milk yields of Friesian cow fed with S..liitoralig larvee in the ration

A Friesian cow was established on a lucerne hay diet (30 kg. per

day for 21 days). Then S. littoralis larvae were introduced along

with the daily ration at a rate of 25 larvae/kg. of lucerne
{equivalent to ingesting approximately 60 larvae per m% vhilst
grazing). This regimé wé,s continued for 9 days then no more
larvae were fed to ﬁhe cow. Table A3:4(1) gives the milk yields
prior, during and immediately after the larval feeding. An
analysis of variance indicated that the introduction of larvae

into the ration had no significant effect on milk yields.

The larvae were mostly fourth to sixth instars (1.5-2.5 cm). Some
larvae were lost into the bottom of the feeder or onto the groumd.

It ig estimated that 20-40 larvae/feed were lost in this manner.



larvae in lucerne
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APPENDIX 3:5

Costs associated with cultivating lucerne by type 1 and type 2

farming methods

Costs taken largely from A.R.I. publication on norm imput-output

*data for the main crops of Cyprus (Papachristodoﬁléu, 1970).

A3:5(1) Land preparation costs

For any crop there are two forms of land preparation required.

Firstly, basic improvements on virgin ground, such as levelling,
terracing, or any measure required before the ground is rendered

suitable for cﬁltimtion., Secondly, there are specific

establishment costs andtillage required at each rotatiom. Since

an imputed rent is charged at the rate of 4% per annum on the

total value of the land it is assumed thet preliminary

improvements have been made and these costs will ﬁ@t be

included. Land preparation for lucerne occurs once every four

years and costs are estimated in Table A3:5(1). The hrs/yr. for machinery

is an estimate of total usage for all purposes on the fam,.
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TABLE A3:5(1) Land preparation costs — Type 1 farmers

VARTABLE COSTS

hrs/yr. C8/hr. hrs/he., CE/ha,

(i) Disec Plough oo 0.062 b 0.2k8
(ii) Harrow k00 0.048 1.5 0.072
(1ii) 35 h.p. Tractor 1,200 0.202 9.5 1.919
(iv) Seed Drill 1oo 0.149 k 0.596
(v) Seed 37.500
TOTAL VARTAELE COSTS ' 40.335
TOTAL VARIABLE COSTS/YR. 10.083
FIXED COSTS
(1) Permanent Labour 0.200 9.5 1.900
TOTAL FIXED COSTS 1.900
. TOTAL FIXED COSTS/YR. 0.475
Type 2 farmers

VARIABLE COSTS

(i) 5 h.p. Rotary

Cultivator 200 0.223 8 " 1.784
(ii)- Seed 37.500
TOTAL VARIABLE COSTS 39.284
TOTAL VARIABLE COSTS/IR. 9.821
FIXED COSTS
(i) Permanent Labour .
(a) Using cultivator 0.200 8 1.600
(v) Raking 0.200 40 8.000
(_c) Seeding _ 0.200 5 1.000
TOTAL FIXED COSTS 10.600

TOTAL FIXED COSTS/YR. : 2,65
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A3:5(2) Fertilizer costs

Type 1 farmers use a tractor and disc fertilizer pellet sl'zreader
and can complete the fertilizing of a one hectare field in two
hours. Type 2 farmers walk through their fields and broadcast
. Pertilizer pellets from a bag. The costs of both systems are

®
estimated in Table A3:5(2).

TABLE A3:5(2) The estimated costs of lucerne pasture fertilizer
applications

Type 1 farmers

VARIABLE COSTS
hrs/yro cg/hru hrS/h&e cz/hao

(i) Tractor and 200 0.300 2 0.600
Spreader (spreader)

(ii) FPertilizer 88.600
TOTAL VARIABLE COSTS/YR - o 89.200
FIXED COSTS

(i) Permanent Labour 0.200 2 0.k00
TOTAL FIXED COSTS/YR. 0.500
Type 2 farmers
VARIABLE COSTS

(i) Fertilizer 88.600
TOTAL VARIABLE COSTS/YR - 88.600
FIXED COSTS - .

(i) Permenent Labour - 0.200 8 1.600
TOTAL FIXED COSTS/YR. 1.600
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A3:5(3) Cutting, harvesting end comservation costs

Type 1 farmers typically harvest with mowers and bale their
lucerne as hay. Type 2 farmers cut their lucerne by hand and
use it fresh, or cor\lerve it as meal. @utting.and conservation
costs are incurred nine times per year and are estimated in

e

Table A3:5(3).

TABLE A3:5(3) Cutting and harvesting costs

Type 1 farmers

VARTARLE COSTS

. hrs/yr, C&/hr, hrs/ha, C&/ha,

(i) Machine Cutter and 200 0.342 2 0.684
Tractor

TOTAL VARIABLE COSTS 0.68k
TOTAL VARIABLE COSTS/YR. 6.156
FIXED COSTS

(i) Permanent Labour 0.200 2 0. 5400
TOTAL FIXED COSTS - 0400
TOTAL FIXED COSTS/YR. | " 3

CONSERVATION - Hay
VARIABLE COSTS

(i) Tractor & Baler 0.402 h 1.608
MAL VARIABRLE COSTS | 1?‘0_8
TOTAL VARIABLE COSTS/YR. | lm;
FIXED COSTS

(i) Permanent Labour 0.200 4 0.800



Type 2 farmers

VARIABLE COST - NONE

FIXED COST
(a)
(i) Permanent
Labour 0.100

" TOTAL FIXED COSTS
¢

TOTAL FIXED COSTS/YR.

C&/ha.
{v)

0.050

()

0
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hrs/ha . CE/ha

(a) (v) (e)

6 6.000 3.00 0

6.00 3.00 0

5k.000 27.000 0

Conservation as meal (not included in table 3:l4)

VARIABLE COSTS

(i) Transportation

- (i1) Drier Charge
{C£5.000 tomne)

TOTAL VARIABLE COSTS

TOTAL VARIABLE COSTS/YR.

FIXED COSTS
(i) Permanent Lebour

TOTAL FIXED COSTS

TOTAL FIXED COSTS/YR.

Cc¢/ha .
0.202

0.200

bhrs/ha.
0.25 0.050

Ce/ha-

9.000
9.050
81.450

0.50 0.100

0.100

0.900

All the figures given for types 1 and 2 harvesting and conservation

costs are calculated on the basis of average production (table

3:h).

It is stated in the text that harvasting and conservation

costs were assumed to vary in direct proportion to yield. Con-

sequently, the mean figures are converted into total cost/tonne

in order that estimates can be made of harvesting and conservation

costs at low and high production.



Type 1 farmers

(i) Total harvesting costs

(ii) Total comservation costs

(i) + (ii)

Type 2 farmers

Total harvesting costs
(a)
(v)
(c)

299

Cf/tonne fresh wt.
0.121

0.270

0.391

Cf/tonne fresh wt.

0.672
0.336
0



A3:5(4) Rent

It is assumed that the value of agricultural land suitable for
lucerne cultivation is C£.500/ha. for small fragmented plots and

C£560/ha. for larger areas suitable for extensive cultivation.

With an imputed rent of 4% of the value per year, the rent fixed

costs for the two types of farming are:

Imputed rent for type 1 farmers c£22.400/ha. /yr.

Imputed rent for type 2 farmers €£20.000/ha. /yr.

A3:5(5) Irrigation

Using the scheme in Appendix 2:1 it is assumed that the type 1
farmer cultivates 10 ha. of lucerne and irrigates using the
optimal investment in sprinklers appropriate for the size of
his pastures. It will be further assumed that the type 2 farmer
shares the fixed costs of pumping between five other farmers and

employs flood irrigation on his 0.1 ha. plot.

300

Cost/yr in Cf/ha. of irrigation for type 1 farmer = 53.000

Cost/yr in Cf/ha. of irrigation for type 2 farmer = 73.830
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TABLE AS5:1(1)a  RESULTS OF THE PEST SURVEY FOR ADJACENT TREATED AND UNTREATED PLOTS (continued)(1)

? PLOTS TREATED WITH INSECTICIDE JUST PRIOR TO SURVEY ADJACENT UNTREATED PLOTS
T Larva;é/m2 Pta.ras:lt:es/m2 Lucerne Iﬁme/mz Parasites/m" | Lucerne
E | Sample [ - Height| % Leaf ] Height[§ Leaf
ji date © 8.1itt4 S.ex. {Others | Ch.in| Others cm. |- loss | S.litt. 8.ex. Others|Ch.injOthers cm loss
3 2.9 (0] 0 0 0.l 0.1 ko 0 0 S.b 0 Q.1 0.2 10 53
11.9 ’ 0 0 0 0 0 20 53
22.9 0 3.5 0 0.5 0.3 15 o] 0.8 5.6 1.0 0.b 0.1 20 20
25.9 0.1 0.7 0.2 0 10) 30 0 1.k 2.0 0 0.6 0 30 0
29.9 0 0.6 0 0 0 40 (4] 0 0.7 0 0 0.1 . Lo 0
b 4.9 0 25.6 0.4 0.2 0.1 60 12 0 1.9 0.1 0.1 0 50 0
7.9 0.3 12,6 2.3 0.1 0 60 6 0 2.4 0.b 1.2 0.5 50 0
12.9 0.2 2.1 0.5 0.3 0.1 65 9 0 0 0 0 0 10 0
1k.9 (0] 0.5 0.2 0.6 0.3 60 0 0 0 0.1 0 (o) 20 (o}
20.9 0 0 0.1 2.5 0.1 -25 0 0 0 0.1 0.k 0.1 ko 0
23.9 0.1 0.2 0 T.5 0.6 35 0 0 0.4 0.k 0.5 0.1 ks 0
28.9 0 0.2 0 0.8 0 ks 0 0.3 0.5 0.4 1.0 0.2 55 0
S 16.9 0 1.3 0.7 1.2 0 55 0 0 0.6 0.h 0.1 0.1 55 0
25.9 1.6 1.0 0.4 0.1 0 25 0 0.b 0.6 0.3 0. 0 20 0
30.9 k,2 0.1 (o] 0 0 30 0 3.1 0 0.7 0 0 30 0

n.r 2 no record




TABLE A5:1(1)a Continued (2)
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TME A5:1(1l)a Continued (3)
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TABLE A5:1(1)b SINGLE PLOT SITE 8 TREATED

Larvae per Parasites lucerne

. e r m2 Nos.
Sample . per me Height & Leaf  Moths
Date S.litt. S.ex. Oth. Ch.in. Oth. cm. loss Trapped
2k, 8 0 38.0 0 4) 0 60 29 32
25. 8 0.1 5T-T 1.9 0 0 60 21 30
30. 8 0 39.5 1.1 1) 0 - 60 53 0
2. 9 0 2.1 0 (4] 0 (4] - 8
9. 9 0 0.2 0 0 0 10 - ()
16. 9 0 0.6 0 2.2 0 35 4] 0
20. 9 0 2.k 0.2 0 0 - 45 ) 11k
22. 9 0 8.3 1.2 0 0.7 %0 0 26
25, 9 0 5.9 0.5 0.1 0.k 60 0 87
2. 9 0 0.2 2.2 0 0 60 0 52
6.10 0.3 0.7 . o 0.1 60 0 0
2.10 0.7 0.3 1.7 0.2 0.8 10 0 0
16.10 1.1 0.6 0.3 0.k 0.8 35 Q 3b
23.10 0.h 0 0.3 0 0.7 b5 0 0
PABLE A5:1(1)c SINGLE PLOT SITE 9 UNTREATED

Larvae per Parasites Lucerne H
m me . 08.

Sample per m Height % Leaf  Moths
Date.- 8.litt. S.ex. Oth. Ch.in. Oth. cm. loss Trapped
28. 8 0 0.3 0.4 0 0 60 0 7
13. 9 0 0.3 0.2 0 0 50 0 1
22. 9 0.2 0.1 0.2 0.6 0.2 65 0 0
27. 9 0 0 0 0 0.2 10 (0] 3
T.10 0 0 0 0 0 K ¢ 0 i
21.10 0 0 0 0 o ho 0 0

3;’333?2




TABLE AS5:2(1)

DAILY CONSUMPTION OF LUCERNE LEAF IN g.DRY WEIGHT/LARVA AND CORRESPONDING LIVEWEIGHT OF LARVA in & FOR LARVAE

O
3 REARED INDIVIDUALLY AT 2k-26°C
Days
since LARVAE REPLICATES (C = consumption, L = larval weight)
hatch- ? Geomet
ing 1 2 3 N 5 6 7 8 9 10 11 Means | means
C L ¢c L C L C L C L C L cC L C L C L ¢ L ¢ L C Llc 1,
L 0.0017 0.0012 0 0 0.0002 0 0 0 |0 0 0 0.0003
5 0.000k 0.0022 0.0013 0.0005 0.0014 0.0019 0.0008 0.0036 0.0035 0.0013 0.0029 0.0018
6 0.0050 0.0083 0.0060 - 0.0054 0.0077 0.0019 0.0026 0.0039 0.0035 0.0053 0.0045
7 - - - - - -— - - -— -_ - -
8 0.0111 0.0090 0.0106 0.0093 0.0099 0.00L4T 0.0022 0.0072 0.0073 0.0011 0.0080 0.0073 [3.7680
0.0250 0.0300 0.0322 0.0160 0.0234 0.0152 0.0098 0.0250 0.0228 0.0120 0.0214 0.0212| Z.43
9 0,011k 0.0131 0.0112 0.0061 0.0093 0.0058 0.0164 0.0126 0.0119 0.0121 0.0162 0.0115 [2.0385
0.0588 0.0k4T2 0.0621 0.0399 0.0480 0.04k2 0.0124 0.0k46k 0.0461 0.0223 0.0296 0.0415] Z.58
10 0.0366 0.0388 0.0279 0.0296 0.0301 0.0155 0.0058 0.0278 0.0290 0.0093 0.0234 | 0.0248 2.3405
0.0860 0.1272 0.1127 0.0680 0.0855 0.0543 0.0277 0.1057 0.0870 0.0893 0.0125 0.0880| 2.82
11 0.02k46 0.0381 0.0168 0.0148 0.0135 0.0245 0.0263 0.0195 0.0214 0.0k425 0.0242 12,3556
0.2134 0.2772 0.27Th 0.1809 0.1939 0.13L46 0.0k09 0.2032 0.2109 0.0893 0.1929 0.1831} 1.21
12 0.0968 0.0928 0.0627 0.0471 0.0360 0.0823 0.0175 0.081k4 0.0664 0.0k27 0.0775 0.0582 [2.7634
0.3542 0.4352 0.2827 0.2520 0.2344 0.1855 0.0434 0.2600 0.2269 0.1289 0.3050 0.2462] 1.33!
13 0.1256 0.1164 0.1201 0.1251 0.0567 0.0546 0.0215 0.1383 0.0972 0.0636 0.1400 0.0963 12.9310
0.7138 0.7350 0.5490 0.4816 0.4582 0.3894 0.1158 0.6437 0.4409 0.1637 0.6504 0.4856] 1.63




&

Q TABLE A5:2(1)Continued

Days ¥

hatene | LARVAE REPLICATES (C = consumption, L = larval veight) A

ing 1 2 3 L 5 6 7 8 9 10 11 Means | BORNS

cC L cC L cC L C L C L C L C L C L C L C L C_ L c ulc

1k 0.2066 . | 0.1245 0.1119  [0.1297 0.17Th9  [0.1610 |0.0187 0.1208 |0.1149 |0.1069 |0.1051 0.1250 |[i.0h3f’
0.9467 | 1.0509 }0.9907 0.8920 0.6781 0.622k 0.1696 0.9727 | ©0.834k | 0.4823 | 1.0473| 0.7902 T.26

15 ) 0.0928 [0.1290 |o.115k4 0.1749  |0.1531 0.0379 o) 0 0.1641 |pP 0.0867 [1.0453
_ 1.3537 | 0.5828 | 1.2963 | 1.1635 | 1.1387 | 1074k | 0.2312 | 0.8048 | 0.6972 | 0.8147 | 0.8780 0.9124| 1.82
16 PP PP 0o - PP §001668 0.0180 o¢oh695 PP PP 0.0291 ' 0.0237 [2.1535

0.6300 0.3571 1,2696 0.5759 | L.6L4S6 1.2372 0.3339 0.3560 0.2934 1.00ks 0.6k3k| 1.7

17 . PP PP PP 0.0505 0 0.0252 [2.3516
0.4183 0.3606 | 0.4335 | 0.4060 0.3705 0.3715] T.59€

18 0.0349 PP 0.03k9 [2.5428
0.4206 0.3011 0.3518] I.u7

19 . 0.0247 0.024T [2.3927
0.h262 o.k262], T.62

20 PP o- : .
0.2248 0.2248 lossam

PP = Prepupal stage (ceases feeding)




308

TABLE A5:2(1) DAILY CONSUMPTION OF LUCERNE LEAF INg. DRY WEIGHT/LARVA AND CORRESPONDING LIVEWEIGHT OF LARVA IN g. FOR LARVAE

:REARED INDIVIDUALLY AT 29-31°C

Days
e LARVAE REPLICATES (C = consumption, L = larval weight) - Geometal
ing 1 2 3 4 5 6 T 8 9 10 11 Means| means
cC L c L C L C L ¢ L c L ¢ L C L ¢ L c L cC L c L|C L
) 0.0029 0.0058 0.0036 0.0063 0,00L40 0.0024 0.0001 0.0053 0.0025 0.0018 0.0025 0.003k
0.0150 0.0122 0.0103 0.0097 0.0100 0.0082 0.0091 0.0085 0.0075 0.009k4 0.0062 0.0096
7 0.0102 0.0055 0.0150 0.0087 0.0107 0.0173 0.0227 0.0162 0.0200 0.0125 0.0107 0.0126
0.0156 0.0156 0.0133 0.01k46 0.0157 0.0119 0,0113 0.0131 0.0103 0,0169 0.0080 0.0133
8 0.0119 0.0243 0.0273 0.0270 0.0321 0.0071 0.0125 0.0163 0.0068 0.0079 0.0122 0.0169
0.048T7 0.0656 0.0596 0.0L485 0.0564 0.0581 0.0495 0.0529 0.0567 0.0250 0.0350 0.0505
9 0.0LL7 0.0553 0.0637 0.0L4k41 0.0L402 0.0575 0.0655 0.0566 0.0540 0.0433 0.0518 0.052h
0.0892 0,1064 0.0970 0.1049 0.1103 0.0513 0.0500 0.0724 0.0428 0.0332 0.0656 0.0748
10 0.1559 0.1616 0.0722 0.1019 0.2155 0.0408 0.0554 0.0851 0.0382 0.0351 0.0326 0.090k
0.2332 0.3118 0.2393 0.2325 0.2622 0.2387 0.2011 0.21L40 0.2027 0.1576 0.1998 0.,2266
11 0.2588 0.2665 0.1963 0.1781 0.2717 0.1431 0.1503 0.1820 0.1065 0.0883 0.125k4 0.1788
0.6580 0.8118 0.4620 0.5064 0.8992 0.2996 0.3180 0.L4238 0.2371 0.2030 0.2669 0.4623
12 0.1522 0.1220 0.2067 0.1853 0.1205 0.1840 0.2089 0.2165 0.1998 0.1276 0.1713 0.1723
1.0714 1.1965 0.8140 0.8820 1.2320 0.6822 0.6556 0.7600 0.5869 0.4629 0.5913 0.8123
13 0.0010 .} 0,002k 0.1039 0.0652 PP 0.1003 0.1098 0.0894 0.2626 0.1799 0.1325 0.1047
0.6206 0.1928 1.0087 0.9779 0.9495 0.8369 0.9089 0.9012 0.6885 0.7892 0.7874
1k PP PP PP PP PP PP PP 0.1408 0.0888 PP 0.1148
1.1158 0.9169 1.0164
15 PP PP

PP = Prepupal

stage (ceases feeding)




3098

TABLE A5:2(2)

DAILY LIVEWEIGHT OF LARVA IN g REARED INDIVIDUALLY ON _LUCERRE AT 24-26°¢

Days since

LARVAE REPLICATES:LIVEWEIGHT IN g

hatching 1 2 3 L 5 6 T 8 9 10 Means
6 0.0038 | 0.00k2 | 0.0082 | 0.0026 | 0.00kk | 0.0037 | 0.0037 | 0.0061 | 0.00k% | 0.0032 | 0.00k1
7 0.0066 | 0.01L.T | 0.0158 | 0.005k | 0.0122 | 0.009% | 0.0094 | 6.0119 | 0.0.119| 0.0086 | 0.0102
8 0.0060 | 0.012% | 0.0235 | 0.0100 | 0.0122 | 0.0106 | 0.0090 | 0.0168 | 0.0136 | 0.0090 | 0.0123
9 0.0143 | 0.0364 | 0.0385 | 0.009% | 0.0275 | 0.0268 | 0.0238 | 0.04ko | 0.0314 | 0.0252 0.0277
10 0.0219 | 0.0582 | 0.0555 | 0.0187 | 0.05k2 | 0.0571 | 0.0480 | 0.0kk9 | 0.0575 | 0.0kThk | 0.0463
11 0.02k5 | 0.1kok | 0.0723 | 0.0301 | 0.0612 | 0.1067 |0.053L | 0.1431 | 0.099% | 6.0759 | 0.0807
12 0.0963 | 0.7969 | 0.2645 | 0.1016 | 0.2967 | 0.7056 | 0.2675 | 0.8196 | 0.6932 | 0.4993 0.hshy
13 0.1929 | 0.989% | 0.2767 | 0.1177 | 0.3113 | 1.1550 | 0.4690 0.97681 | 1.0510 | 0.89kk 06435
1k 0.2670 | 0.676T | 0.3070 | 0.1720 | 0.4637 | 1.4596 | 0.7351 | 0.6009 | 0.6732 | 1.2813 | 0.6636
15 0.2013 | 0.3699 | 0.3852 | 0.2545 | 0.6389 | 0.7682 | 0.8143 | 0.3992 | 0.5%093 | 0.8371 |0.5078
16 0.3179 P 0.5231 |0.2942 |0.7516.|0.4950. {0.8213 | P ' P 0.3920 }(0.5143
17 0.4509 0.6657 | 0.2872 |0.6988 | P 0.6164 0.3687 | 0.5160
18 0.6797 0.8325 | 0.4488 | 0.6307 0.3339 P 0.5851
19 0.7956 0.8296 | 0.5693 | 0.2T06 P 0.6178
20 0.3921 0.6595 | 0.7974 0.6163
P D '

* P = Larva pupated (trial discontinued)

D = Larva dead (triel discontinued)




) ¥
TABLE A5:2(2) __MEAN DATLY LIVEWEIGHT IN&. /LARVA FOR LARVAF, REARED IN PAIRS, ON LUCERNE AT 24-26°C

=
= revn st LARVAE REPLICATES:MEAN LIVEWEIGHT IN g. vonss
; hatching 1 2 3 L 5 6 T 8 9
| 6 "l 0.0052 0.0033 0.0083 0.0040 | ©.0059 0.0061 0.0037 0.0038 0.0036 0.0048 |
| 7 0.0086 | 0.0083 | 0.0127 0.0098 | 0.0117 0.0111 | 0.0093 | 0.0086 | 0.0097 | ©0.0100
8 0.007% | 6.6106 0.02kk 0.0107 | ©0.0180 | 0.0179 | 0.0095 | 0.0102 | 0.0107 | 0.0Luk
9 | o0.0%3 | 0.0236 0.0534 0.0242 | 0.0b16 0.0342 | 0.0243 | 0.0241 0.0243 | 0.0315
10 | 0.0572 | o0.0u80 | 0.0398 | o.ouko | 0.0852 0.0k99 | 0.0437 | 0.0498 | 0.0578 | 0.0kgk
11 0.1045 0.0736 0.2045 0.0906 | ©.150% | 0.1213 | 0.077% | 0.0905 | 0.0909 0.1115
12 0.1890 | 0.1533 | 0.2531 0.2066 | 0.2716 | 0.2159 0.1289 | 0.2093 | 0.2108 0.20k2
13 0.2084 0.2236 0.5509 | 0.230L | 0.3982 | 0.2780 | 0.2347 | 0.3087 | 0.2561 0.2987
ik . 0.k237 0.3711 0.8697 0.4776 O.Thll 605580 0.k802 0.6229 0.5816 0.5695
15 0.5440 | 0.6426 0.8k 0.7040 | 0.9759 0.7708 0.7831 | 0.7763 | 0.8364 | 0.7653
16 0.Lko6 | 0.8282 0.4878 0.6580 | 0.5866 | 0.4659 | 0.8185 | 0.5767 | 0.8623 | 0.6361
17 | 0.363% | o0.6646 | 0.3792 | o0.u6s2 | 0.3658 | 0.3162 | 0.4868 | 0.5929 | 0.4980 | 0.4516
18 0.4368 | 0.3139 P 0.1364 P P 0.2856 | 0.3u36 P 0.3033
19 0.3519 2 P | P 0.2322 | 0.2921
20 0.2979 | | 0.2034 0.2507
21 P B | P '

P = Time when first larvae pupsted
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© TABLE A5:2(2) _MEAN DAILY LIVEWEIGHT IN g./LARVA FOR LARVAE REARED IN GROUPS OF FOUR ON LUCERNE AT 24~26°C

Days since

LARVAE REPLICATES:MEAN LIVEWEIGHT IN g

hatching 1 -2 3 N 5 6 7 8 9
6 0.0034 0.0032 0.0028 0.0031 0.0022 0.00k43 0.00k2 0.00L48 0.0041
T 0.0082 0.0075 0.0076 0.0075 0.0063 0.0103 0.0079 0.0103 0.010k
8'* Q.0116 0.010T | 0.0090 0.0106 0.0089 0.0119 0.0101 0.0143 0.0120
9 0.02ks5 0.0226 0.0200 0.0185 0.0159 0.0287 0.0181 0.0288 0.0337
10, 0.0L20 0.0k468 0.0433 0.038k 0.0336 0.0k98 0.0354 0.0333 0.0512
11 0.0806 | 0.0876 | 0.0762 | 0.07Te1 | 0.0610 | 0.0951 | 0.0585 | 0.0786 | ©.11kg
12 0.1751 0.2058 0.1201 0.1457 0.1335 0.1912 0.1065 0.1210 0.21k2
13 0.2366 0.2426 0.2490 0019hu' 0.1696 0.2753 0.1262 0.1202 0.3053
1k 0.4510 0.5292 0.4718 ~ 0.3092 0.3237 0.h4792 0.1879 0.1526 0.5854
15 0.6k5k 0.TL6L 0.7155 D 0.5746 0.6101 0.2603 0.2223 0.6651
16 0.6272 0.6108 0.8221 0.48L5 D 6. k501 D 6.&868
17 0.4kgo | 0.3783 | 0.5757 0.k079 0.3826 0.3972 -
18 P P . P D 0.3222 0.5879
19 0.3013 P

i

P = first lerve pupated (trial discontinued)

D = larval death (trial discontinued)
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TABLE A5:2(2)

MEAN DAILY LIVEWEIGHT IN &/LARVA FOR LARVAE REARED IN GROUPS OF SIX ON LUCERRE AT 2k-26%c

Days since

LARVAE REPLICATES:MEAN LIVEWEIGHT IN g

hatching 1 2 3 L 5 6 7 8 9 10 Means | %98

6 0.0045 | 0.0050 | 0.0046 | 0.0040 | O.00k5 | 0.0053 | 0.006k | 0.0040 | 0.0060 { 0.0035 | 0.00k7 ’35
T 0.0108 | 0.009T | 0.0103 | 0.010L | 0.0102 | 0.0l11 | 0.010k | 0.0108 | 0.0133 | 0.0092 | 0.0105 ?901_}:
8 0.0164 | 0,0163 | 0.0156 | 0.0127 | 0.001k0 | 0.0L75 | 0.0201 [ 0.0237 | 0.0212 | 0.0122 | 0.0160} 3.19
9 0.0k | 0.0357 | 0.0377 | 0.029% | 0.0325 | 0.0393 | 0.0398 | 0.0320 | 0.0504 | 0.0275 | 0.0365| Z.55
10 0.0k59 | 0.Q55 | 0.0551 | 0.0502 0.0&77 0.0528 | 0.0562 | 0.04B6 | 0.0639 | O.0bTL | 0.0523} 2.716
11 0.1271 | 0.1278 | 0.1310 | 0.202% | 0.0988 | 0.1273 | 0.1290 | 0.1008 | 0.1606 | 0.0946 | 0.1195} 1.071
12 0.1903 | 0.2225 | 0.1946 | 0.1757 | 0.1659 | 0.2060 | 0.1897 | 0.1657 | 0.2238 | o.1762 | o.1900] I.279
13 0.2715 | 0.301k | 0.3172 | 0.2576 | 0.2357 | 0.3401 | 0.3006 | 0.2224 | 0.3600 | 0.2759 | 0.2888| I.4559
14 0.k370 | 0.4955 | 0.k096 | 0.3922 | 0.3475 | O.Ls58k D D D D o.k23y | 1.6237
15 0.5315 | O.543k | 04926 | 0.bk595 | 0.4190 | 0.5193 o.49u2 | T.6920
16 D D 0.k9sk | 0.LL58 P 0.4770 o.k727| 1.6741
17 0.3855 ) 0.3949 0.3902| 1.5911
18 P P

P = first larve pupated (trial discoantinued)

p = larval death (trial discontinued)

\
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TABLE A5:2(3) WEIGHT OF PUPAE DERIVED FROM EACH DENSITY GROUP -

Weight of pupee in g.

1% 2% Ly 6%
0.1799 0.2961 0.3297 0.2541
0.3288 0.2240 0.3369 0.2816
0.1800 0.3620 0.3432 0.31k0
0.2053 0.3468 0.3196 0.2927
0.4397 0.3547 0.2947 0.2875
0.2340 0.3233 0.3196 0.2620
0.3593 0. 320k 0.2870 0.1802
0.36T4 0.2919 0.2981 O.2h6k
0.3232 0.2980 0.3590 0.2328

0.354T 0.3093 0. 3409
0.2608 0.2993 0.1727
0.1800 0.3062 0.2250
0.3569 0.2224 0.2821
0.32k1 0.1683 ‘ 0.2647
0.1022 0.2662

0.1817 0.2567

0.2878 0.2974

0.3320 0.3215

0.1796 0.3333

¥=0,2908 *=0. 3066 ¥=0.277T7 %=0.2682

“Density groups (larvee/pot)
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APPENDIX 6:1

Tables of simulation output

TABLE A6:1(1) Simulated effect of changing larval density on the

total consumption and damage

Larval density/instar/m? Total g/m€ dry wt. of lucerne leaf
(1) (2) (3) (&) (s5) (6) lamejm? Total Consumption | Total damage
10 2 0 0 0 o 30 , 2.34 0.h2
30 60 0 0 0 O Q0 6.84% 0.90
60 120 0 0 O O 180 14.80 2.03

100 200 0 0 © © 300 25.03 3.7h

150 300 0 0 © O 450 33.11 8.13

180 360 0 0 O o 540 kl.72 18.87

190 38 © o 0 0 570 k5,94 32.55

200 %00 © 0 0 0 600 k7.10 35.37 1

210 %0 0 0 0 © 630 Ls. 7L - 72.31

2% 48 0 0 O O T20 k1.28 TL.22

250 500 0 0 0 O 750 . 39.26 63.15

300 600 0 0 0 O 900 3k.32 61T

40 900 0 0 O O |1,35 26.17 63.85

Other - inputs: Infestation day : 9,

Iterations ¢ 3

Dispersal ratios : 1,3,%,36,60,23 :
Mortality rates : 0.35,0.20,0.26,0.08,0.06,0.05
Control : 0,0,
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TABLE A6:1(2) Simulated effect of infestation timing

_on total
consumption and damage

g/m? of dry wt. lucerne leaf’ ‘
Infestation Total leaf loss on leaf loss o Total |Population
day Consumption day 27 day 55 damage |dispersal?|g
1 3.23 17.k1 o T )/
2 5.11 28.21 0 28.21 v
3 10.08 hl1.16 0 k1.16 v
k 12.96 20.80 0 20.80
5 11.39 - 3.67 0 3.67
6 12966' 3eu Q 3011
7 9.94 1.60 0 1.60
8 9.81 1.37 o 1.37
9 10.92 1.43 0 1.43
10 11.78 1.56 . 0 1.56
11 12.02 1.ks 0 1.hs
12 12.2% : 1.91 0 1.91
13 10.55 1.83 0 1.83
1k 12.48 2.72 0 2.72
15 " 12.51 3.36 0 3.36
16 12.35" k.28 0 4.28
17T 12.19 k.91 0 k.91
18 10.94 5.42 0.11 5.53 v
19 11.92 6.80 0.08 6.88 v
20 9.71 6.1k 0.28 6.h2 v
21 6.63 k.21 0.63 k.84 v
22~ 6.38 3.85 1.39 5.2k /
23 k.39 2.12 3.01 5.13 v
2k h.3% 1.82 5.2T7 7.09 v
25 3.35 1.20 5.13 6.33 V4
26 3.02 0.85 6.0% 6.89 v
27 2.78 0.43 7.75 8.18 v
Other inputs: Larval density : 50,100,0,0,0,0,
Iterations s 3 _
Dispersal ratios s 1,3,%,36,60,23 ;
Mortality rates : 0.35,0.20,0.26,0.08,0.06,0.05

Control : 0,0,

R 2

R
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TABLE A6:1(3) Simulated effect of chenging mortality rates on

centage overall mortality, total consumption

Mortality rates/instar/day §/m% dry wt. lucerne leaf
Overall Total Total
(1) (@ (3) (&) (5) (6) mortality consumption damage
1.0 (0.90 0.80 0.60 0.k0 0.20 0.10) .99 1.16 0.32 !
30075( " 1 " " ” W) 999 2933 oﬁkh 1
&.50( " " o "’ " W) .97 6;52 0.88
x0.25( " " " " " ") .81 17.20 2.h0
x0.10( ™ " " " " ") -39 29.96 555
x0 ( = " w L " ) (4] k2.79 12.73
Other ipputs: Larval-demsity : 50,100,0,0,0,0,
Infestation day : 9,
Iterations s 3,
Dispersal ratios : 1,3,h,36,60,23
Control : 0,0,

—

infestation period

Dispersal ratio/instar g/m% dry wt.lucerne leaf I:fest—
Total Total Bumber of a l?nd

(1) (2) (3) (&) (5) (6) consumption damage larvae dispersing pe‘ !ngl

2 16 8 b 2 1 3.87 8.07 563 2 -

8 8 & 2 1 1 3.94 8.50 515 2

2 2 2 1 1 1 b.17 10.08 576 b7

1 1 1 1 1 1 k.50 10.66 557 8.7

1 1 1 2 2.2 6.12 .72 520 - 10.7

l l 2 !& 8 8 60& h7966 h% ll.? [ .

1 2 Lk 8 16 3 6.85 46.18 ko2 11 %

1 2 8 16 32 6h 7.25 k9.69 W87 0.7

1 &k 16 32 64128 T.01 51.18 489 11.2 E

1 8 3 6h 12825 - 6.87 %7.89 k76 1.7 ;
Other inputs: Larval density 100,100,100,100,100,100 3

' Infestation day 9,

Iterations
Mortality

3 B
0.35,0.21,0.28,0.08,0

99 38 85 o0
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TABLE A6:1(5) Simulated effect of changing control timing on the

total consumption and damage

g/m? dry wt. of lucerne leaf

Days after infestation on which Total Total

control was applied consumption = - damage
0 0 ' 0

1 2.12  0.51

2 3.98 0.77

. 5.72 1.00
b 9.52 1.60 _

5 15.03 2.68

6 19.87 3. 7T

T 25.49 - 5.4k

8 31.92 ~ 8.1k

9 35.83 1L.37

10 .79 9.55

11 39.30 13.70

—

Other inputs: Larval demsity : 150,300,0,0,0,0,
) Infestation day : 9,
Iterations : 3,
Dispersal ratios : 1,3,4,36,60,23

ml‘t&liﬁy Z’&tes 00359002090026900089050630005
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APPENDIX T:1

Itemization of the direct costs of insecticide treatment for types 1

and 2 farmers and a provisional estima_te' of the cost of comtrol using

'Prodan' bait

.Type 1 farmers used a tractor m.ount;ed boom and nozzle sprayer for .
insecticide applications. The most common type had a %00 1. poly-
ethylene tank and a 10m-boom fitted with striker plate spray n@zzl,es.l
The speed of tractor driving during spraying varied, but was usually
approximately lm/sec. Since the recommended application rate was
750 1./ha. (Table 7:3) the tank required two fillings/he. The time
taken to fill the tank twice, add the insecticide, and also wash

the equipment after use, was approximately 0.5 hrs. Spraying after
sunset reduced effective dosage rates (see text) but involved the
farmer in marking out his fields with white posts of every boom
width. The labour costs are therefore increased by 0.5 brs. The
total cost of imsecticide and application for type 1 farmers for both

day and night treatments is given in table AT:1(1).

TABLE AT:1(1) Iype 1 farmer's direct costs of imsecticide treatment

Ce/ur.  hrs/ha. APPlication costs Ct/na,

Day Night
" Labour
Day spraying 0.200 0.8 0.160 '
Night spraying 0.200 1.3 : 0.260
Practor & Sprayer 0.432 0.3 0.13% 0.130
i © 0.200 0.390
" Insecticides Dosage coste Cf/ha. Total direct.costs in Cf/ha,
. . - Day Night Pay Night
Chloropyriphos 6.075 3.675 6.365  h.065
Methomyl ' 6.600 . %.950 6.890 5.3%
Methamidophes k. 350 3.375 by, 6% 3. 765 ’

lyanufactured by Carl Platz Co., W. Germany.
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Type 2 famers. generally used knapsack sprayers (see text). The

type most commonly adopted by the farmers were of 15 1. capacity and
operated by a left hand piston pump. The correct height for the hand
held nozzle vas lm. (King, pers. comm.), giving a treatment width

qf 1m. of erop. An opera;tor refilled his knapsdck tank 15 times

in the course of treating 1 ha. and walked at the rate of approximately
lm/sec. For night spraying a knapsack spray operator required guidance
to prevent double treatments or gaps in spray cover. This was most
easily accomplished by a second operator guiding the first with a

torch light (this method was tried with success by Watts and King

in 1972). The total direct costs of insecticide treatment for both

day and night applications are given in table AT7:1(2).

TABLE AT:1(2) Type 2 farmer's direct costs of insecticide treatment
Application costs CE/ha,

c&/hr hrs/ha. Day " Night
Labour )
Refilling and washing 0.200 1.5 0.300 0.300
Actual spray time 0.200 2.8 0.560 0.560
Night marker 0.200 2.8 0.560
Knapsack sprayer 0.025 2.8 0.070 0.070

. 0.9  1.h90

Dosage cos’gs Cf/ha. Total direct cio§ts in C&/ha,
Insecticides ) Day Hight Day Hight
Chloropyriphos 6.075 3.675 7.005 5.165
Methomyl 6.600  %.950 7.530 6.hk0
Metbhamidophos k.350 3.375 5.280 4,865 -

‘Prodan’ bait can be broadcast by hand or distributed by pellet spreader.
A provisional costing of application at the dosage of 45 kg/ha. is
given in Table AT:1(3), assuming type 1 farmers mechanize their

applications and type 2 farmers broadcast the bait.
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TABLE AT:1(3) Provisional estimates of the cost of comtrol using

!Prodan' bait

Application costs C£/ha.
C¢/hr. hrs/ha, Type 1 farmers Type 2 farmers

Labour

Type 1 fmeré 0.200 1 0.200
Type 2 farmers 0.200 0.3 0.060

Tractor and spreader 0.400 0.3 0.120

Cost of bait k. 500 %.500

.680 4. 700
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Proprietary and chemical names, and the formulation of some of the

insecticides currently used against S. littoralis in Cyprus

Proprietary name

Chemical name

Dursban

Lannate

Tamaron
Folidol
Nuvacron
Azodrin

Cyolane

Prodan

diethyl 3,5,6-trichloropyridil
phosphorothiocate

methomyl

0S - dimethyl phosphoroamidothioate
parathion-methyl

monocrotophos

monocrotophos

diethyl 1,3-dithiolan-2-
ylidenophosphoramidate

sodium flurosilicate and attractants

*Abbreviations key

w/v

w/w

E.C.

W.S.P.

it

weight to volume
weight to weight
active ingredient
Emulsifiable concentrate

Water soluble powder

Formulation*

40% w/v

£ 0
[
TV

50% w/v

50% w/v

40% w/v

60% w/v

25% w/v

w/w 80%
ants
100,000

a.i. E.C.

E.C.

E.C. .

E.C.

EIC‘ '

E.C.

attract-

grains/kg
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APPENDIX 8:1

TABLE A8:1

Cost of control = C£5.00/ha.

Value of crop
(C&/tonne) = (a) 448 ~ (b) 560 (c) 672
Leaf: stem value = o
. 0.5 066 0.5 066 . § 05 0-66
Economic threshold larval density (1st instars/m?)
Infestation day
1 150 250 150 250 180 180
2 205 301 200 301 202 190
3 355 301 350 301 247 258
4 355 369 346 329 327 323
5 419 409 390 434 395 403
6 531 659 590 489 440 468
7 603 639 596 575 551 518
8 716 688 644 654 611 590
9 756 779 714 696 646 640
10 822 828 722 727 660 682
11 849 837 722 735 667 664
12 858 776 674 674 | 603 626
13 703 728 603 632 501 495
14 625 667 568 526 . 466 445
15 618 572 453 451 355 359
16 576 536 438 406 343 331
17 621 590 | 493 421 375 355
18 846 716 612 546 488 440
19 1206 1074 859 768 678 596
20 | >1500* 1490 1211 998 754 672
21 |5>1500  >1500 1316 1281 1044 891
22 [>1500 >1500 1400 1335 1055 828
23 [>1500 >1500 [>1500¢ >1500 1146 250
24 >1500 >1500 [$1500  >1500 1182 950
25 >1500  »1500 1488 1491 78 121
26 1388 1385 151 95 93 121
27 204 215 121 145 143 131
:

eEconomic threshold is in excess of 1500 lmae/ﬂ%
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TABLE A8:1 continued

Cost of control = C£6.00/ha.

g&‘f};ﬁgfp (a) 4048 (b) 560 (c) 672
Lleaf: stem value = . .
05 0066 | 05 066 | 05 0066
Economic threshold larval density (1st instars/ :12)
Infestation day
1 350 350 150 250 150 150
2 301 301 | 205 301 208 208
3 301 301 355 301 358 358
4 501 501 355 501 338 338
5 501 501 555 501 538 538
6 561 561 550 521 538 538
7 628 628 610 821 598 598
8 781 781 731 717 628 628
9 789 789 731 765 663 663
10 896 910 755 765 726 726
11 905 940 803 781 709 709
12 915 899 766 749 668 668
13 814 98 | 692 672 562 562
14 745 751 615 609 538 538
15 737 695 560 519 443 423
16 713 625 560 49 448 394
17 769 718 572 546 468 427
18 998 878 764 684 637 550
19 | >1500 1336 1064 936 875 724
20 |>1500 »1500 |>1500 1288 1131 952
21 |>1500 >1500 [>1500 1500 | 1464 1280
22 |>1500 >1500 |>1500 1500 | 1479 1293
23 > 1500 >1500 > 1500 >1500 [>»1500 > 1500
26 |>1500 >1500 |>1500 >1500 [>1500 1500
25 |>1500 >1500 |>1500 >1%00 | 137  >1s60
26 |>1500 >1500 | 949 820 | 100 02
27 | 815 - 2 | 129 205 19 %o
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TABLE A8:1 continued

Cost of control = C£7.00/ha

Value of crop E
(C2/tonne) = (a) 4.48 (D) 560 (c) 6072
Ieaf: stem value =
0.5 0066 | 05 066 0-5 0-66
Infestation day :
1 320 150 150 350 150 150
2 301 250 270 301 352 352
3 301 295 273 301 301 301
4 701 595 573 501 501 501
5 701 701 701 701 701 701
6 701 701 701 701 701 701
-7 725 689 656 701 701 701
8 813 724 790 741 711 709
9 913 1124 833 853 751 797
10 927 1124 842 898 759 789
11 997 984 860 871 799 - 797
12 957 934 860 821 711 805
13 927 894 786 783 678 649
14 870 858 684 635 576 569
15 870 779 | 642 621 522 502
16 852 739 635 586 492 472
17 876 812 691 625 534 492
18 1312 1033 954 786 741 663
19 | >1500  >1500 1396 1199 1089 953
20 | >1500 1500 1500  >1500 b 1500 1300
21 | >1500 >1500 1500 >1500 P1500 > 1500
22 | >1500 1500 D1500 31500. 51500 = >1500
23 | >1500 >1500 p1500 >1500 $1500 > 1500
24 | >1500 >1500 1500 >1500 P 1500 > 1500
25 | >1500 >1500 >1500 >1500 $ 1500 > 1500
26 | >1s00 >1500 p1s00  >1500 116 176
27 1476 155 155 233 206 301
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=T C INPUT ARRAY DIMENSIONS AND HEADINGS
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PAGE 0003

W
L

a9
L1
-

4
e

"
8

a

AL
g

LE]
"

"
"

® 0001 DIMENSION N(“abl.k(?).méhctbl L(&)
s==—NEF——  —— COMMON W
- 0003 5 REAL M{6)
o 0004 INTEGER Y Z4D(6)sTsP(6)PPVI44B0)F,T1,P7
0005 INTEGER ETFLAG
i 0006 XX=GOSAAF(=1)
® 0007 WRITE(2,120)
W 000E— — 120 FORMAT{1H1,20MLUCERNE GROWTH MODEL)
- 0009 ‘DATA R/0.0001,0.0021,0.0159,0.1014,0.2991,0.6199,1. 4000/ A
@ o010 READ(7,277)LFLAG,ETFLAG
v in 0011 WRITE(2,200)LFLAG,ETFLAG
0= - 200 FORMAT(IH ,BHLFLAG = ,12,10X,9HETFLAG = ,[2)
® 0013 ' TFIETFLAG.EQ.1)GOTD 245
=00 ————————— READL ;201N E 8 = —
b L 230 FORMAT(614) ! ) Sl
@ . oois WRITE(2,220IN
B ] e 220 FORMATI(1IH ZGHINPUT ]NSTIR POPULATIUNS .6]’3)
o= 0018 —=—————"SUI0 283 = — =—
® 0019 245 READ(T,262)EC =5 2
A== ————— —_  WKITECRIsNINl = '
0021 255 FORMAT ( 2BHOCOST OF CUNTRUL IN C!IHl - ;FB 31 -
@®: o022 : ~ IFLETFLAG.EQ.1)GOTO 261 e
n 0023 z '252 READ(7,230)T - i
H=—002%— —  —  WRITE(2,240)7 3
e RS "~ 240 FORMAT(IH ,2IHINPUT INFESTAT!UN DAV.llll
=808 —————— AEAUT I 10Ty ==
Ay WRITE(2,260)Y
@:- 0028 260 FORMAT(1H ,29HINPUT NO. OF MODEL ITERATIONS,13) ==
0% DUER ¢ 261 READ(7,230)D : : 1
1=— 0030~ —  READ(T.262IM = —=_ = == =
¢ 0031 261' FORMAT(6F4.0) : ™ T i > =
w0032 - ~ WRITEL2,264)0 = = =
0033 . ¢ Iﬁi FORMAT(1H oIBHDISPERSAL RATIUS 61!1 b
@ 003 wRITER2s266I0 == -
» 0035 266 FORMAT(LH ,1SHMORTALITY RATES,&FS. 21 '
#0036  — [FCLFLAG.NE.1)1G0TO 270 === == —
E ] EEE A READ(7,262)XL,EL E 7 B ot o
g=— 0038 — = WRITE(2+1290)EL =
MEE . e 1290 FORMAT(26HOVALUE OF CROP (CE£/TONNE) ,FB. 31 B .
@: 0080 = WRITE(2,1295)XL :
R R . A g 12‘?5 "FORMAT(55H PRUPGRTIUNATE VALUE OF LEAVES UF TUTAL UNDM!AGEU CRUP K
S——————— L —_Fiadl —— = = = =
@ 0042 o ~ IF(ETFLAG.EQ. ITGUTU ZI'U 5 % * ;
g 003 = 270 READ{7:277)KsKK == S = = =
e 277 FORMAT(214) . " r :
@« 0045  IF(K4NE.11GOTO 218 = = —
ST NS . RAUTNRR ' ' ' ma s
E—0087——— — WRITE(2,278)KK = =
® 0048 "278 FORMAT(1H .llHCDNTRUI. un.mx.nu i
p=—aass—————— G010 18 = — - = =
- 0050 S 210 WRITE(2,215) ” 4
s=—0081— 215 #oanﬂune.unmﬁesrnwu DAY y4X,
p 1 3I3HECONOMIC THRESHOLD LARVAL DENSI'I’H
570032 NPREV=N{1) =—
) 0053 NTRIAL=1 T 9
s9 0056 - Nil)=1 =
0055% ST i b =
@i
l; 2
- 4 =
1
., ~ FORTRAN IV G LEVEL 21 MAIN DATE = 75239 OB/54/34
3 = 0056 =—¥=p
» - 0057 K=0
s R
0059 218 TWF1=0.0
;- 0060 THS1=0.0 = — =
" 0061 TWF2=0.0 : 5
#0062 - TW52=0.0 = =
. - 0063 DD 1250 Z=1,Y Ay
1 0064 IF(ETFLAG.EQ.1)GOTC 310 = E
0065 WRITE(2,300)2Z 5
@ 0066 300 FORMAT(1HO,13HITERATION NO.,119) = =
N 0067 - T WRITE(2,304)(I,1=1,6) F;
15 0068 —m FORMAT(1HO, 1OHDAYS SINCE.SXs13HDRY WT. YIELDsSX.12HTOTAL LARVAL,
' 1 5Xy 1 1IHCONSUMPTION,9X,37HNUMBER OF LARVAE IN EACH INSTAR RAN
7 2GE+5X, 4HDEAD, 5X, FHDISPERSED/12HLAST HARVEST.3X,THOF LEAF,11X,11HCO
) v R ”""SNSUHPTIﬁh.Gx 14HDEMAND DEFICIT.B!.&!II ﬁxt.SHPuPAEl
@®@: 0068 = 310 Cl=0 = =
ETEL ST N e “CZ=0 "
==t _——— — Wm = , , = =
@ o072 NN=0 L . o
n=—ukty— PP=0 =
~ 0074 P7=0 -4 5
@:;=—-0075 —— —--_ = =
5 i T w§—o.u =
= C INPUT LARVAL POPULATION AND ASSIGN RANDOM WEIGHTS
F= 0077 = DO 390 I=1,6 T
29 - 0078 E PLl)=N(T) =
0079 PP=PP+P(1) : '
@ 0080 NLOW=NN+1 =
o 0081 NHIGH=NN+P(1) ¥
-~ 0082 DO 380 NN=aNLOW,NHIGH ; =
@ 0083 VINN) =1 : =
5= 008G ~ XX=GOSAAF(1) : = -
‘“"Gots H1NN)-ntt)+tntr+11-ntti)-xx 3
@ 008 380 CONTINUE _ == = =
0087 NN=NHIGH " v
=——0088— 390 CONTINUE : =
& 0089 ' T1=0 E |
41 _“0929_' - T2=0.0 —-
~ 0091 - F=0 5 3
.41 — 0092 = CC=0.0 =
'C ADD ONE DAY AND DERIVE LUCERHT{ YIELD -
.;. —— 0093 420 Ti=T1l+l , = ==
@ 0094 IFIT1.EQ.28)T2=0.0 -
4?'_— ,m—,: - 2-,;2""_ = ? =
0096 CW2=B8T/(1+86%EXP(-0. 31*1‘2}) '
.49.7- —= . i: CALL MGH11.!!?1.1‘&5!,1’#2'4!52.ﬂZ.HSl =
@ c CHECK INFESTATION FLAG » =
$1=— 09 - IFLF.EQ.1)G0OTO 520 =
® 0099 IF{T1.EQ.TIGOTO 480 y :
53— 0100 : GOTO 1100
0101 - ﬁBU F=1 i
@. olo2 IF(ETFLAG.EQ.11GOTO 520 -
' 0102 WRITE(2,510)P -
4 0104 510 FORMAT(1H ,68X,615) = =
@® 0105 5§20 CC=0
59 See— =" D0 521 I=1,6 =
' 0107 _ ~ C(17=0.0 T
.'GL é %%
63 =
L
L FORTRAN IV G LEVEL 21 MAIN DATE = 75239 08754734
{
1 0108 5§21 CONTINUE
- 010% DO 590 NN=1,PP
0110 [F{ABSI{W(NN)).LE.1.0E-62)1C0T0 590
C DERIVE CONSUMPTION
. 0111 CALL CONSUMINN,CO)
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0113 I=VINN)
- 0114 ClI)=C(I)+CO
0115 590 CONT INUE
0114 IF{CC.GT.0)GOTO 660
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T 0118 WRITE(2,630)C1
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0121 GOTO 1100
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. 0123 C3==12CC
0124 680 C2=0
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- 0125 IF(W2-1.0.GT.CC)GOTD 920
0126 DO 720 I=1:6
0127 C2=C2+D(I)*C(I)
® 0128 720 CONTINUE
" 0129 C2=(CC-W2+1.0)/C2
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5 0148 DO 1090 NN=1,PP
i 0149 IF(ABS{WI(NN)).LE.1.0E-62)GOT0O 1090
, 0150 X=ALOG{ 10000%WINN))/72.3026
0151 TO=1+403,4091+41,1095%X+0.4486]1%X%X)
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m INPUT INSTAR POPULATIONS 250 500 250 0 0 o !ii

INPUT INFESTATION DAY 21 (
5 INPUT NO. OF MODEL ITERATIONS 2
DISPERSAL RATIOS 1 3 4 36 60 23
@  MORTALITY RATES 0.35 0.20 0.26 0.08 0.06 0.05 |

o VALUE OF CROP (CE/TONNE) 4.480

@ PROPORTIONATE VALUE OF LEAVES OF TOTAL UNDAMAGED CROP 0.660 (
1"
o ITERATION NO. 1
13 (
.« DAYS SINCE DRY WT. YIELD TOTAL LARVAL CONSUMPTION NUMBER OF LARVAE IN EACH INSTAR RANGE DEAD DISPERSED 4
1§ AST HARVEST  OF LEAF CONSUMPTION DEMAND DEFICIT 1 2 3 4 5 6 PUPAE 1"
1 1.3578 q
o 2 1.8408
3 2.4906
Q- & 3.3608 (
5 4.5187
21 (3 6.0468
- 7 8.0412 (
23 8 10.6072
9 13.8485
o 10 17.8488 (
i 11 22.6470 o
13 34,4063 [
29 14 '41-0154
15 47.7417
Q. 16 54.2692 (
, 17 60.3178
3 18 65.6877
i 19 70.2765 (
35 20 T4.0718
250 500 250 0 0 0
o z1 73.0454 4.0814 38 304 326 121 o o - 0 211 0 q
.0 22 69.5954 6.7124 2 169 291 163 12 0o - 0 353 0 -
= 23 63.2198 10.2958 O 46 248 110 115 g—=—19 481 0 V
o 24 55.1861 13.0017 0 2 120 L3180 8. 1T ® O 554 0 {
e 25 45.4721 15.6740 0 =Sl iis—8r 135 ——9% 605 0
26 34.4471 17.6540 0 0 17 172 135 S0 = 103 623 0
® 27 26.1966 14,8614 0 0 1 48 63 109 = 143 636 0 |
2B 1.0366 0.3212 -13.7661 0 0 0 0 0 0 - 151 636 213
is , 82.6018
o 29 1.4072 [
47 30 1.9074
31 2.5801
® 32 3.4802 q
s 4N 33 ‘06771 4
" 34 6+2545 1
35 8.3105 [
53 36 10.950¢6
37 14.2773
39 23.2615
st 40 28.9064
[ 41 35.1655 q
59 42 41,8046
43 48,5237
o 44 55,0082 1
13 45 60,9858 L
,ﬁ 46 66,2675 i
® 47 70.7623
RN T S CS e T L TR e SRR S A A ASRal, TE I T G S WU « . o S N S PN . PR L e
49 77.4407
., 50 79.77172 q
51 81.5826
3 =52 82,9595
@ 53 83.9994 i
5 54 84,7788
55 85.3598
(B 56 85.7909 1
re 57 86.1100 b
" !
1
1w ITERATION NO.
@ . DAYS SINCE DRY WT. YIELD TOTAL LARVAL CONSUMPTION NUMBER OF LARVAE IN EACH INSTAR RANGE DEAD UISPERSED §
AST HARVEST  OF LEAF CONSUMPTION DEMAND DEFICIT 1 2 3 4 5 ‘. PUPAE
15 1 1.3578
b3 2 1.8408 (]
17 3 2.%906
“ 3.3608
o 5 4.5187 {
<. ‘58 6 5.0468 ™
ok 2 10.6072 (
5 9 13,8485
10 17.8488
@ 11 22,6470 (
12 28,2088
} 13 34,4063
® 14 41.0154 (
15 47,7417
16 54,2692
3 17 60.3178 (
i 18 65.6877 -
p 19 70.2765 b
- 20 74.0718 [
1 250 500 250 0 0 0
21 73.0553 4,0715 51 308 314 126 0 g =0 201 0
@ 22 69.6431 6.6726 = = = e e 344 9 [
23 62.8591 10.6955 0 55 260 99 122 e DO 464 0
A8 24 54,1940 13,6857 ) 300t e - Y5 .—4§ 546 0
o 25 44,5160 15.7338 0 B IT 12% ' 1% = 13 593 0 (
# 26 31.4142 19,7632 0 6—16 —I4 132 55 = 10} 622 o
27 22.5884 15.2740 0 0 3 S0 57 116 - 1644 630 0
® 28 1.0241 0.3336 ~13.4283 0 0 ) 1 0 4 = 159 632 204 (
=18 29 1.2555 0.1349 0 0 0 1 0 0 =~ 163 632 204 o
e 30 1.6487 0.0541 0 0 o ) 1 0 = 163 632 204 ¥
I3 31 2.1784 0.0541 0 o 0 0 0 1 - 163 632 204 (
o 32 2.8892 0.0541 0 0 0 0 0 1 = 163 632 204
33 3.8381 0.0541 0 0 0 0 0 0 = 164 632 204
- 86.5811 (|
®. 34 5.1504
& 35 6.8742
& 36 9.1109 (
- a7 11.9666
38 15.5388
o . 39 19.8945 (
] 40 25.04135 B
P 41 30.9111 g
@ 42 37.3253 o |
5 43 44,0258
44 50.7014
o, 45 57.0455 (
46 62.8099
i1 47 67.8375
& 48 72.0687 {
LS R T U e e O T N S . LTINS . PTG (SR T L U R N
50 78.2760
@ 51 80.4257 (
a oo 52 82.0790 4
I 53 83.3355 1
& 54 B4.2818 -
: 55 B4.9897
56 85.5164
® 57 85.9069 (
58 86.1956
Q
* (
11 MEAN SIMULATED DAMAGE ESTIMATES IN G/M%#2 DRY WT.
o {
o' i e ame e A - R S L T
¢ LEAF DAMAGE - FIRST GROWTH CYCLE = 45,840 "
@ STEM DAMAGE - FIRST GROWTH CYCLE = 8.173 - {
17 LEAF DAMAGE - SECOND GROMWTH CYCLE = 0.572
A STEM DAMAGE - SECOND GROWTH CYCLE = 0.572
19 ‘
MEAN EXPECTED LOSS IN CE£/HA
21
- (
FIRST GROWTH CYCLE 11.705
o SECOND GROWTH CYCLE 0.200 {
N TOTAL LOSS 11.905 "
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