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Abstract

Most pesticide sprays diluted in water are applied with
nozzles which produce a wide spectrum of droplet sizes. Evapor-
ation of the diluent water during transfer from the nozzle to
the target occurs especially under certain climatic conditions,
vhen prevailing temperature is. high and humidity -is° low. The
effect of adding oil to water based spray formulations was in-
vestigated both under a series of temperature and relative hum-
idity conditions in the laboratory amd in the field under natural
conditions to determine to what extent evaporation would be minimised.

When sprays with a narrow droplet spectrum were produced
with a spinning disc nozzle the addition of oil increased viscosity
and reduced flow rate through a single orifice so that at a given
disc speed smaller droplets were produced, but larger droplets
were produced if the flow was constant irrespective of viscosity.

Droplets of water significantly decreased in size while
falling 200 cm from the nozzle even in conditions of low tempe-
rature and high relative humidity, (18°c, 697). The addition of
0oil did mot totally prevent evaporation but the change in size of
droplets was less especially 1f the proportion of oil was at least
10 - 157.

In the field more droplets of sprays with oil were collected
on artificial targets and leaves within 0.25 - 16 m of the spray
nozzle than when water sprays were applied.

Droplets emitted from an Exhaust Nozzle Sprayer were de-
tected much further downwind owing to the higher level to whiéh

droplets were projected upwards above the tip of the exhaust nozzle



and to the wide droplet spectrum produced.

Laboratory evaluation of two mew organophosphorus insect-
icides namely, propetamphos and etrimfos, 27 w/v of each, indicated
LD50s of 6.4 and 15.8 and 59.6 and 60.9 ng/g of body weight res—

pectively to adult and 5th-instar locusts (Schistocerca gregaria F.)

for a 12 hour post—application periecd,

On the basis of spray deposit assessment downwind of a
spray formulation applied with a multiple-disc sprayer, control of
locusts (g. gregaria F.) would be achieved with 64 m swath or more
depending on prevailing wind conditions.

Similarly with greater control of droplet size, a higher
yield of wheat was obtained following the control of cereal mildew

(Erysiphe graminis DC) with CDA (controlled droplet application)

sprays with 50% of the recommended dosage of triadimefon fungicide
and greater control of the spray formulation than with conventional
sprays (200 1/ha) although seed treatment was the most effective
means of controlliﬁg the disease;

The results confirmed that the addition of oil stabilized
droplet size and together with the use of a spimning disc nozzle
to give greater control of the production of droplets should contri-
bute to greater efficiency of sprays and allow the use of lower dosages

of active ingredient.
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1. INTRODUCTION

1.1 Problems

Application of synthetic insecticides has increased
enormously since the development of DDT in the 1940's and des-—
pite the appearance of undesirable side effects, the use of in-
secticides remains a key tool in integrated pest control. Sim-—
ilarly with increased labour costs, more and more herbicides are
used to reduce competition with weeds and although selection of
crop varieties with disease resistance is of paramount importance,
the use of fungicides is also increasing., This world wide trend
in the greater use of pesticides is due to the need for rapid short
term action and is essential in man's continued struggle to reduce
crop losses and the spread of diseases. With increases in cost of
pesticides, their use should be minimized as far as possible and
fully integrated with other methods of control.

Ware (1975) reported that 75% of all pesticides were applied
as sprays either as particulate or globular suspensions (i.e.
wettable or flowable or emulsifiable concentrates) in water. Many
users prefer the emulsifiable concentrates as they are easier to
measure and mix in contrast to wettable powders. These sprays are
applied through a variety of spray nozzles which are generally
classified according to the energy used to form the droplets e.g.
hydraulic, gaseous, centrifugal. kinetic and thermal energy (Matthews,
1973a). The most commonly used nozzle is the hydraulic nozzle. Irr-
espective of the spray pattern achieved, the spray is produced from
the irregular break up of thin sheet of liquid which emerges from
an orifice in the nozzle tip. Fraser (1957, 1958) described three
distinct modes of disintegration, but whichever mode occurs, droplets

in any spray will vary considerably in size. For example with a
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fan nozzle (8002) at a pressure of 2 bar, 0.257 of the volume

of spray formulation (water + 0.17 Agral) was of droplets less
than 16 ym and the same sample had 97 of the volume over 440 um
droplets (Arnold, 1979). This wide range of droplet sizes, re-
sults in poor efficiency as the smallest droplets with a low
terminal velocity are liable to drift and the largest droplets
falling rapidly may bounce off foliage (Lake, et al., 1978) or
coalesce and cause 'run off'. Thus the extremes of the spray
distribution contribute to the exo—and-endo drift as defined by
Himel (1974). Failure of droplets to reach their targets within
a spray area or drift to areas beyond the operatiomal boundary is
responsible for the contamination of the environment.

Most sprays are diluted in water so evaporation of the
diluent results in a decrease in droplet size between the nozzle
and target. The effect of evaporation is enhanced in the case of
the emulsifiable concentrate formulations as the solvent, such as
xylene is also volatile_so the smaller droplets decrease in size
and may become 'dust' particles. Formulations based on water eva-
porate much quicker under hot, dry climatie conditions freguently
found in Savanah and desert areas of the tropics. Water based
droplets would shrink in size in seconds (Bals, 1970a). Indeed
the life time of a 100 ym droplet of water at BOOC, 50% RH is only
14 seconds (Amsden, 1962)., The effect of evaporation is thus a
major factor in reducing droplet sizes so that they contribute to
'drift' (Maybank et al., 1974).

The initial impetus to develop a spray technique using
minimal volumes of less volatile liquid was in a desert area where
water was not readily available. Lorry loads of treated bait had

*
been used against desert locust hoppers (Schistocerca gregaria F,)

* Schistocerca gregaria (Forskil)
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and red locust,(Nomadacris.septemfasciata Serville ) (Gunn et al., 1948a,

1948b and 1952), but a more rapid spray technique was required. 1Imn
the 1950's the Exhaust Nozzle Sprayer (ENS) (Sayer and Rainey, 1958;
Sayer, 1959; Sayer and Joyce, 1966) was developed to fit a Land-
Rover or similar truck to apply an oil-based spray with 70-90 um
droplets of dieldrin at ultra-low-volume using a system of 'vege-
tation baiting' Y (Courshee, 1950, 1952, 1955 and 1959). Swaths
of vegetation were treated at 264 ml/ha (8 ml/m along the line of
travel) in a cross wind of 3 — 5 m/s (8 mph). On one occasion a
band about 300 m long of 2nd~ and 3rd-instar hoppers, which crossed
the treated area six days later was almost completely killed (Sayer
and Rainey, 1958).

Further development of ultra—-low-volume spraying on agri-
cultural crops was delayed because of the phytotoxicity of the oils
on crop foliage (Shaw and Timmons; 1949; Havis‘égiélf, 1950; Baker,
1970 and Martin, 1973) and lack of equipment suitable for applying
such low volumes. The next upsurge of interest in ultra—low-volume
was when technicai malatﬁion was promoted for agricultural and
public health pest control. ULV spraying attracted world wide
attention aftgr the qulication by Skoog'g};glf, (1965) of the ex-
perience of grasshoppers control in East Africa. Tts systems of
evolution and meteorological data was later analysed Skoog et al.,
(1976). Technical malathion is a liquid containing 957 a.i. and
of low volatility, Ultra-low—volume applications were principally

applied by aircraft, for example a population of Aedes aegypti L.,

the mosquito vector of dengue haemorhagic fever in South East Asia

(1) 'Vegetation baiting' is a term coined to draw attention to
the elimination of bran which represented 987 by weight of
the bulk which had to be transported to the field in control

operations (Joyce, 1974).
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was effectively reduced for 10 days post—treatment by two sprays
at 430 ml/ha over a total of 18 km2 in Thailand (Pant, 1974).

A study of the effect of ULV aerial application of mala-
thion on epidemic malaria was encouraging (Lee, 1974 and Taylor,
1975).

ULV aerial spraying has also been developed for tsetse
control., Hadaway and Barlow (1965) showed that 20 - 40 ﬁm droplets
were effectively collected by tsetse flies on cylindrical targets,
representing branches placed in a wind tunnel. Recent work has
shown that with the newer pyrethroids, control efficiency could
be increased (Bullivant, EE'Ei" 1971; Elliot; 1977 and Elliot
et al., 1973a, 1973b ana-1978; Ruscoe, 1977; Breese, 1977; Breese
and Searle, 1977; Lhostle and Pieallu, i977 and Plapp and Viﬁson,
1977). A number of ULV trials in tsetse control have given sat-
isfactory control (Irving'éé;éi;; 1969a, 1969b and Tarimo, 1970
and 1974). Qwing to_the_need to employ small d?o?lgts,rwith a
ULV technique, it has been possible to disperse dropleté with ae;ial
spray metﬁods Within a_;wath width of 2 miles in order to control

as house flies (Lofgren 1970 and -

different types of pests such

Lofgren et ai., 1970 and 1972), midges (Glyptotendipes ‘paripes)

(Patterson et al., 1966), horn flies (Haematobia irritans) and face

flies (Musca autummalis) (Kantack et al., 1966).

On agricultural crops the range of insecticides available as
ULV formulations and equipment suitable for ground application re-
mained limited. Hand-carried battery driven spinning discs were
developed in the late 1960's and have subsequently been used to
apply insecticides on cotton (Matthews, 1973b; Matthews and Mowlam,
1974; Beeden, 1974), fungicides on tomatoes (Johnstone and Huntington,
1977) and groundnuts (Mercer, 1976). Modified knapsack mistblowers

have also been used for ULV application (Clayphon, 1974). Joyce
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(1974 and 1975) suggested that the future potenfial of ULV app-
lication lies in such techniques which include drift, incremental
and air-to-air spraying to meet specific biological targets de-
fined by their geometry and extent in space and time.

Increased awareness of greater control of droplet size has
developed to ensure efficient application of minimal volumes.
This led to greater emphasis on controlled droplet application
(Matthews, 1977a). Controlled droplet application refers to selec-
tion of the appropriate droplet size for a given target and also
hitting the target with sufficient droplets to transfer the correct
droplet to the pest. Thus CDA is ULV when applying the minimum
volume to achieve economic control. Production of droplets with-
in a narrow spectrum of sizes is achieved prineipally with centr—

1)

ifugal energy nozzles such as the Micronair equipment used on
aircraft and small electrically driven spinning dises (Bals, 1970b,
1973 and 1975b). The latter have been improved by adding teeth
known as zero issuing points and grooves; As droplet sizelis in-
versely related to the peripheral speed of the rotating surface,
droplet size can be selected. Himel (1969a) suggested that when
the optimum droplet size is used, less pesticide is needed and
environmental contamination is reduced, The optimum droplet size
collected on insects and foliage is, however, usually less than

100 ym so greater attention is needed to formulation to reduce the

effect of evaporation of solvents and carrier liquids.

(1) Obtainable from Micronair (Aerial) Ltd., Bembridge Fort,

Sandown, Isle of Wight, PO 36 8QS, England.
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1.2 Aims

This study investigates the effect of the addition of oils
to sprays on:
a) the formation of spray droplets,
b) evaporation and hence the size of droplets
between the nozzle and target,
¢) downwind movement of droplets and
d) deposition of droplets on leaves,
to determine whether the addition of an oil had a significant effect
on the droplet spectrum achieved and increased deposition on target
surfaces.
The method of drift spraying being conducive to vegetation
baiting (on grasses), the results of these studies in particular,

were considered in relation to the control of locusts (Schistocerca

gregaria F.) by assessment of mortality of both adult and 5Sth-instar
hoppers treated in the laboratory with dosages comparable to those which
would be deposited on foliage when certain insecticides were applied.

The method of vegetation baiting by downwind drift of droplets

was extended to the control of powdery mildew (Erisiphe graminis DC)
on wheat., A narrow swath was adopted to allow overlap to achieve a
better distribution of fungicide. CDA sprays were compared under
field and 1aborator§ conditions with conventional or high volume

application when using the fungicide triadimefon (para. 3.4).
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2, MATERIALS AND METHODS

2.1 Methods of droplet production

Production of droplets can be achieved with a number of
different nozzles, but centrifugal energy nozzles are the most
suitable for achieving a relatively narrow spectrum of droplet
sizes (Walton and Prewett, 1949; Hinze and Milborn, 1950;
Dombrowski and Lloyd, 1974 and Frost, 1978).

Walton and Prewett (1949) showed that:

_ 3.8 /'y L _ _
) k'*w— X -55- (D

5 = droplet diameter (um)

where

w = angular velocity of disc (rad/s)
v = surface tension of liquid sprayed (mN/m)
D = disc diameter (mm)
p = liquid density (g/cm3) and
k = constant
The constant (k) has varied - 4.5 (May, 1949), 3.76 (Walton

and Prewett, 1949) 3.8 (Yeo, 1961) and 3.68 (Fraser, 1956).

2.1.1. Droplet formation from centrifugal energy nozzles.

Droplets are formed from these nozzles in three ways:

a) direct droplet formation: fairly uniform droplets are
thrown directly from the edge of the disc for direct
droplet formation provided flow rates remain minimal,

b) 1ligament formation: liquid forms threads on the lig-
aments which become unstable and disintegrate into
droplets a short distance from the disc.

c) sheet formation: a film of liquid on the surface of
the disc extends beyond the periphery and breaks up

in an irregular fashion producing uneven droplets

(Hinze and Milborm, 1950).
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2.1.2 Types of centrifugal energy nozzles used

Three types of plastic, toothed and grooved spinning discs
were used:
a) Micron-Herbi: An 8 cm diametre with flat centfe and 1.2 mm
wide flange around the edge angled at 60° on the inside
of which were 360 grooves, one groove to each of the
peripheral teeth, The disc was designed for a hand
carried herbicide applicator, the Micron 'Herbi' &Y
(Bals, 1975a). The DC motor supplied with disc has a
governor to control speed at 2000 rev/min. In an ex—
perimental hut (2.4 x 2.4 x 3.7 m) the spray head of
the disc was used with an AC power éource via a power
pack. Droplets were sampled at 30 and 200 cm distance
below a suspended 'Herbi' nozzle operated under temp-
erature conditions of 18 and 42°C;
b) Micron MinifUlva: A cup-shaped plastic rotor of 5.5 cm
maximum diameter and 2 cm deep with the sides tapering
to 3.0 cm diametergueJohnstone and Johnstone (1976
studied a prototype of this disc with 360 teeth known

(2)

as the Mini-Ulva with reference to its power require-
ment and droplet size characteristics, His study indicated
that with the 5.5 cm disc, VMD/NMD ratios of 1:1.3 were
possible when spraying an oil (HLP 40) at 8.5 ml/min at
15,000 rev/min., producing 41 pm VMD droplets or with

26 ml/min at 12,000 rev/min. 52 ym VMD droplets were
obtained.

The 5.5 cm disc with electric motor was mounted for

droplet studies -in--the-laboratory -as-shown in- Fig. 1.

(1) and (2) Trade names of Micron Sprayers Ltd., Three Mills,

Bromyard, Herefordshire, England.
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reservolr bottle
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Adapter, socket and g
feed stem unit

Atomizer head —-

Fig. 1 The spinning atomizer as suspended in a laboratory hut.
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c) Multiple-dises: A series of plastic discs (as b) above)
up to 15 in total were arranged to rotate on asfationary
shaft (Bals, 1977). This multiple-disc nozzle was used
both in the laboratory and in field studies (Fig. 2) of
the downwind movement of droplets,

The spinning discs described above produce droplets without
any directional control of their movement towards a target. Disper-
sal is dependent on gravity and natural air movement,

In the field trials a DC power source 10 — 12 HP.2 batteries
was used to power the 5.5 em dise. Similarly a 12-volt DC battery
on the Land-Rover was used to power the multiple—disc unit.

The power requirement in relation to the speed of the multiple-
disc unit was examined with or without liquid flow. Rotational speed
of the unit in this study became unstable when 12 volts was exceeded,
the irregularity of speed becoming more pronounced when the flow of

liquid was 150 ml/min i.e. 10 ml/disc (Fig. 3 and Appendix I, Table 1).

2.1.3 Exhaust Nozzle Sprayer (ENS)

The Exhaust Nozzle Sprayer had been the earliest used for
ULV application so its performance wasS compared with the multiple-
disc (spinning disc)nozzle (Plate 1). An MK II Exhaust Nozzle Sprayer
(Watts et 'al., 1976) was attached to a long-wheel Land-Rover Station

Wagon with a 4-cylinder 2286 cc petrol engine (Plate 2).

2.1.3.1. Operational temperature of the Exhaust Nozzle Sprayer

To assess whether the heat from the exhaust gases: would affect

the temperature of the spray liquid the operation temperature of an

(1)

(1) Supplied by Comark Electronics Ltd., Thermometer Type 3001,

-50 + 800°C, uses T1/T2, NiCr/NiAl Thermocouples.
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Fig. 2 Multiple — disc spinning discs as used in the laboratory
and field studies of the deposition of spray droplets.
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Fig. 3 Rotational speed of multiple-disc in relation to voltage.
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and
The probe was inserted directly into the nozzle restrictor to a

depth of 8 cm.

The initial temperature readings were taken after running
(idling with medium acceleration) the engine for 10 minutes and
then continued at intervals of 10 minutes (in both nozzle and
nozzle restrictor, Fig. 4 for up to 40 minutes without introducing
any liquids. At the 50th minute spray was introduced and thereafter
readings continued to be taken after every 10 minutes up to 80
minutes. The procedure was repeated over a period of four days
(only one complete set of readings was taken each day) and the
mean results obtained over the period was plotted (Fig. 4).

The temperature of the spray nozzle rose within 10 minutes
of the engine being started from a mean of 54 to 77°C at which it
remained fairly comstant until spray was introduced. The intro-
duction of deodourized keroseme as a spray liquid reduced the temp-
erature of the nozzle initially to a mean of 35°C then the temperature
increased slightly to 38°C. An increase in the tank pressure from
0.1 . to 0.2 bar, resulted in the temperature being reduced to a
mean of 24 and 23°C at the 70 and 70th minute respectively (Fig. 4).

The temperature of the restricting nozzle rose after the
initial idling period of 16 minutes from a mean of 44 to 67°C. How-
ever, with the introduction of the spray through the mnozzle the
temperature of the restrictor nozzle was reduced from 67 to 53°¢
but rose to 60°C at a tank pressure of 0./ bar; with increase of
the tank pressure to 0.7  bar first, the temperature fell to 57°C
and then rose to 75°C where it remained during a 50 to 80 minute
testing period.

The surface temperature of the flexible tube through which

the exhaust gas was taken from the vehicle to the spray tank was
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109 + 3.500, wvhen measured at intervals of 10 cm along the tube.

The operational temperature of the nozzle and restrictor
was not investigated when the vehicle was used for longer operating
hours in the field. Higher temperature would be expected when there
are higher ambient temperatures in the tropics.,

Various (air shear)nozzles (2.5, 4.0 and 5.5 mm diameter) and
restriction orifices (4.5, 12.5 and 16 mm in diameter) can be used
with an MK II Exhaust Nozzle Sprayer system depending on spray re-
quirements and types of vehicle available. For the present spray
tests i.e. both under field and laboratory conditions, the 2.5‘mm
liquid delivery nozzle was used in combination with a 4.5 mm air'
shear nozzle.

The basic construction of the Exhaust Nozzle Sprayer and flow
directions of the exhaust gas and insecticide formulations are shown

in Figs. 5 and 6.

2.241 Spray liquids

Various proportions of special oils formulated with an em-

1)

ulsifier were mixed with water. The oils used were Ulvaprom oil
and sun oils 7E and 11N (2). Different concentrations of Ulvapron
(15, 20 and 407%) were especially micronized with water in addition
to mixtures not requiring micronisation. For the characteristics

of different oils , see Para. 2.2.2.

The o0il formulations were compared with water plus wetting

(1) Supplied by the British Petroleum Co. Ltd., B.P. research
centre. Sunbury on Thames, Middlesex.
(2) Obtainable from Sunoco, Blending plant, Manhatton Wharf,

Silvertown, London E16.
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Fig. 6 Basic units of MK II Exhaust Nozzle system.

(Ref.Fig. 5 footnote)
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Plate 1  Multiple =~ disc (15 dises) sprayer fixed to a Land ~ Rover
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Plate 2 Exhaust Nozzle Sprayer

Plates 1 and 2 show spray arrangements for field spray
operation and droplet drift studies (Nozzle

heights = 2.50 cm)
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agent under a range of temperatures both under laboratory and
field conditions. Details of-the organophosphorous insecticides
used on both adult and 5Sth-instar hoppers of desert locust

(Schistocerca gregaria F.) are described in Para. 2.6.

2.2.2 Determination of viscosity

Viscosity of a spray liquid affects not only the flow
rates in relatiom to temperature i.e. some liquids are less viscous
at higher temperature, but also directly the break up of liquid into
droplets. The more viscous a formulation the more energy is required
to produce a given droplet spectrum and the higher the viscosity
the greater will be its variation with changes in temperature. Prior
knowledge of viscosity characteristics of any spray formulations
would be useful in the study of spray characteristics and droplet
formation (Oliver'ggqgl., 1959). The relationship between viscosity
and temperature with most materials is exponential in nature, An
extremely small -temperature change can cause an extremely large
change in viscosity.

As a preliminary background in relation to the droplet
studies, the viscosity of different fluids was determined in order
to have a wider basis for comparisons. Although there are a number
of methods for determining viscosity, a Cone and Plate measuring
system Type KP (1 was used. This system has the following advantages:
a) requires a small quantity of the sample to be tested,
b) 1s easy to clean and operate with a constant shear rate

over its entire radius,

¢) does not need correction for the influence of the flow

properties of a sample under test and

(1) Contraves Industrial Products Ltd., Times House, Station
Approach, Ruislip. Middlesex, HA4 BLH, UK. Bulletin T 160e-716.
The readings were made at Tate and Lyle, Group R & D, POB. 68,

Reading, England.
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d) 1is rapid

Among the different fluids in the study, water plus 5%
wetting agent and water plus 207 Ulvapron (Nos. 1 and 2 in Fig. 7)
were determined by a U-shaped Technico Viscometer L having a
constant (k) of 0.00046. Among the oils tested, Shellsol-AB showed
a constant rate of viscosity under a temperature condition of 20 to
60°C but the viscosity of Ulvépron decreased from 63.2 at 20°C to
16.9 centipoise at 60°C. Water plus 20% Ulvapron decreased in vis-—
cosity from 1.0 at 10°C to 0.8 centipoise at 20°C and remained con-
stant for subsequent increase in temperature, For details of the

results of viscosities see Fig. 7 and Appendix I Table 7A and 7B.

Magnesium oxide coated slides were used in the study of drop-
let size. The addition of a dye such as waxoline and lissamine red
for oil or water sprays respectively gave é slightly clearer image
of droplets when viewed directly under a microscope with a Fleming
particle analyser (Plate 3.) so the dye was used to facilitate the
intensive use of MgO coated slides. Nevertheless, droplets of most
of the spray formulations could be viewed without difficulty, even

without dyes,

2.2.4 Examination of spray deposits on leaves

The use of fluorescent materials as a spray tracer was re-
ported in 1955 and later by others. (Sharp, 1955, Staniland, 1959,
1960, 1969; Yates and Akesson 1963 and Stafford, 1969).

Patterson (1963) suggested that the quantity of tracers

(1) Gallenkamp & Co Ltd., POB 290, Technico House, Christopher

Street London ECep 2ER (obtained through COPR).
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Fig. 7 Viscosities of different fluids in relation to temperature.
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(1

e,g. Saturn yellow , (both micronised and non-micronised grades)
for spray assessment be limited to 0.1 and 0.6% for the lower

and upper limits respectively. But this quantity which had been
used with high volume sprays was found so minimal that it was
impossible to trace any spray droplet deposits in the field when
minimal volumes were applied. Therefore, the upper limit chosen
for tracing sprays in the field was 107 Saturn yellow which was
homogenized with Ulvapron oil using a simple 240V electric mixer
before use with any water based oil formulations. However, for

(2)

water plus 57 wetting agent, 47 Fire orange was satisfactory
for tracing and comparing droplets on both MgO coated slides and
on leaves.

In the field study of droplets, assessment of spray de-~
position on leaves was conducted using the standard method by
Patterson (1963) and Pereira (1967). The scheme of assessment was

to assign an arbitrary scale according to droplet distribution

viewed under an ultra-violet lamp as follows:

8 even heavy cover

7 = uneven heavy cover
6 = even medium cover

5 = uneven medium cover
4 = even light cover

3 = uneven light cover
2 = trace cover

1 = uneven trace cover (added to the standard

under our field condition).

(1) and (2) Supplied by Swada (London) Ltd., 1 Sugar House

Lane, Stratford, London E15 2QN, England.
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The UV-lamps used to view deposits were:-—

ultra—violet ray lamp, particle 100W, black light M and mineral

light-band ultra-violet 1amp,‘MSL—4B(2):

2.3 Droplet sizing

Droplet sizing can be performed by a number of techniques
and descriptions of some of the earlier methods were given (Giesseke
et al., 1965) but three methods described below were used in these
studies of droplets to measure the volume (VMD) median diameter and
number mean diameter (WMD), The ratio of these two parameters was

used as a measure of variation in droplet size (Matthews 1975).
2,3.1 'Matrix

This is a method for determining droplet sizes of fine and
coarse water sprays. Droplets are collected in a matrix which
consisted of two parts of light mineral oil to one part of petrol-
eun jelly (WHO, 1971). The matrix was melted and poured into
a small plastic dish (4.8 cm diameter and 0.6 cm deep) to a depth
of 2 to 3 mm. As soon as the mixture had set at room temperatufe,
water based spray droplets were collected on the matrix under lab-
oratory conditions at different distances from a spray nozzle (Micron-
Herbi). The surface of the matrix was then immediately covered with
a thin layer of light mineral oil (risella oil) sufficlent to enclose
the droplets so as.to prevent evaporation of the collected droplets.
Once droplets were completely enclosed within the matrix, they re-
sumed their original spherical shape and no spread factor was necessary

in the computation of droplet size,

(1) Supplied by Magnaflux Ltd.,South Dorcan Industrial Estate,

Swindon, Wiltshire, England.

(2) Supplied by ultra-violet Products Inc., San Gabriel, Calf,,U.S.A.
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2.3.2 Magnesium oxide (Mg0) method

Magnesium oxide coated slides made by burning a 10 cm length
of magnesium ribbon (May, 1950) about 10 to 15 cm below microscope
slides (2.5 x 7.6 cm) were satisfactory for collecting droplets both
under laboratory and field conditions (WHO; 1971). A single slide
or a series of slides were placed across a long narrow slit to de-
posit MgO in the centre of (2.5 x 2.5 cm) each slide giving a 6.25 cmz
droplet collecting area.

The quality of MgO coated slides was examined by retaining
slides in a box for 10 minutes and up to 330 days prior to spraying
to determine the period over Whicﬁ prepared slides could be kept
before use., Water plus 57 wetting agent, water flus 20% ulvapron
0il were sprayed separately on slides of different age categories
by laying them (three slides of each group in line or 33 slides)
on a horizontal surface. A 5;5 cm nozzle using a restrictor No. 4
was held 30 cm above the slides while moving at 1 m/s under a con-—
stant temperature of 25°C, 657 RH.

As the MgO deposit aged, the number of droplets sampled and
‘;;.the apparent size decreased (Fig. 8) due to .the hafdening of
the surface. Droplet. sizes for water plus 20% Ulvapron oil changed
significantly after 330 days (Appendix I, Table 2A - C 3, 4 and
Figs. 1 and 2) so slides were prepared within 2 - 5 hours of use
in the following droplet size assessments.

Spray droplets collected in the matrix and on Mg0 coated
slides were counted and categorized according to size using a
Fleming particle size micrometer analyser Type 526 (1) (Barmett

and Timbrell, 1962; and Matthews, 1975). The fleming vibrator

(1) Obtainable from Fleming Instruments Ltd., Caxton Way,

Stevenage, Hertfordshire, England.
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8 Changes of VMD, NMD and droplets/cm2 of water plus

57 wetting agent, water plus 207 Ulvapron oil sprayed

on Mg0O coated slides kept from 10 minutes up to 330

days.
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Plate 3 A Fleming particle size micrometer Type 526 attached
to a National microscope attachment No. WV-9005, TV

camera model WV-401 and video monitor model 411 N/B.
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and microscope attéchment unit No. WV, 9005, TV Camera model WV-401
and video monitor model WV-411N/B (National Panasonic was fitted
with closed video system (Plate 3). The system is operated by using
a vibrating unit fitted between the eye-piece and the draw tube of
microscope and the image of droplets.

An example of the computation of data for a sample of
droplets collected on MgO coated slides and sized by a Fleming

particle analyzer is shown in Appendix I Table 5 Fig. 3.

2.3.3 Laser method

Some droplets were measured in flight using a laser system,
namely with a Malvern particle and droplet size distribution analy-
zer Type ST 1800 (1). The system is.based on the Fraunhofer diff-
raction of a parallel beam of mono-chromatic light by moving or
stationary droplets or particles. A Fourier transform lens provides
a stationary light pattern in relation to the size of the droplet.

A multi-element photo-electric detector located at the focal plane
of the lens produces an electrical analogy of the energy distribu—
tion of the diffracted light (Fig. 9); Using a computer, this mea-
sured energy distribution is compared with a calculated energy dis-
tribution based on a Rosin-Rammler (1933) model (Furmidge, 1954)
continuously modifying the mean diameter and exponent parameters
used for the model until a best fit is obtained.

Percentage weight fraction and normalized percentage, number
density for the range of particle sizes are calculated from the
best fit and the results printed.

An example of a laser computed distribution is shown in

Appendix I Table 6.

(1) Malvern Instruments Ltd., Spring Lane, Malvern, Worcs,

UR14 1AL, UK,
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Sampling of droplets in the laboratory at different

distances from a nozzle,

2.4,1 Droplet collection on surfaces

Droplets were collected in a room (2.4 x 2.4 x 3.7 m)

in which the temperature could be controlled. No control of hum-

1dity was possible.

a) Initially droplets were collected at 30 and 200 cm below

b)

a nozzle (Para. 2.1.23) as shown in the plan drawing with
a matrix (Appendix I and Figs. 4 and 5). An equal number
of 13 collecting surfaces were arranged each in 2 con-
centric circles having an area of 3, 848 and 13, 685 cm2
for the 30 and~200 cm levels below the nozzle respéctively.
Droplets were collected separately under both low (18°C)
and high (42°C) temperature conditions,

Spray droplets were collected on MgO coated slides at
three (10, 30 and 200 cm) levels below the 5.5 cm nozzle

(Para. 2.1.2b). The 13 slides at each level were arranged

in a row (lengthwise) on an aluminium angle section (2.5 x

200 cm), The aluminium beams were suspended horizontally

in a eriss—cross pattern one on top of the other to provide
a clear passage for the freely falling droplets once emitted
from the nozzle (Appendix I and Figs. 6 and 7). The max-—
imum spray droplet extension to the centre of these lines’
each having a total circular area of 0.04, 0.4 and 1.4 m2
respectively at distances of 10, 30 and 200 cm below the
nozzle, Droplets of the same origin from the nozzle were

collected (under a range of temperature conditions) at all

three levels,
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2.4.2 Droplet sampling using a spray tower

Droplets of various spray formulations were directly assessed
by a Malvern particle and droplet analyser described in Para. 2.3.3.
It was not practical to raise or lower the level of the Malvern laser beam
to suitable heights so a spray tower was designed to allow a sample
of droplets to be emitted at different distances above the laser beam
(Fig. 10 and Plate 4).

The spray tower 10 cm in diameter and 350 cm long had narrow
openings or windows at heights of 10, 30, 100 and 200 cm from the
level of the laser beam. A 5.5 cm spray nozzle fitted with a solen-
oid valve and manually operated flow control valve system was moved
up and down the tower by a hand operated pulley. The nozzle was
positioned at any required level by aligning the spinning disc at
the appropriate spray_windqw in tﬁe tower: Accurate height and
distance of the droplet trajectory from the laser beam was maintaiﬁed
by moving and adjusting the whole spray tower on its 4-wheels and
rails relative to the laser beam. A two way power switch system con-
trolled the solenoid valve and operation of the nozzle. The form—
ulations were fed from a 0.5 litre plastic container at the top of
the spray tower via flexible tubing connected to the nozzle.

Unfortunately studies of droplet size using the laser system

coﬁld be carried out only at one temperature of only 190C, 597 RH.

2.4,3 Sampling of droplets under field conditions

Three methods of sampling droplets were examined in the field,
namely, slides (in different positions), Cascade impactors
(May, 1945) and Rotorods (1) (Matthews, 1975). In each case droplets

were collected on surfaces coated with MgO.

(1) Obtainable from Metronics Associates Inc., Palo Alto, CA, USA.
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Fig. 10 Details of a spray tower (A) with top section (B) and
its spray shuttle (C).
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spray tower with its complete gear:
an erect spray pipe with its spray shuttle hanging
on its coiled pipe and pulley system on the outside

for display,

laser generating unit with its optical lens system
on balanced stand on the foreground,

a mini-computer left bottom with a teleprinter on top.
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a) Two MgO coated slides were arranged vertically in
parallel to a rotating frame fixed to the shaft of
a 3 — 12 vol- DC powered motor, Type 6V/1000 (L with .
a b-ratio gear box (i.e. with speed ratios of 3:1, 6:1,
12:1 16:1, 32:1 and 60:1). The slides were rotated in
clockwise direction at a speed with a ratio of 3:1
(motor to slide speed) using a 6-volt compact lantern
battery Type PJ996 power supply (Thornhill, 1979a).
(2)

b) Cascade Impactor : A portable vacuum (suction)
pump operated from a field electric generator
(capacity 20 W/50) was used to draw air through the
sampler at a rate of 18:5 l]min:
¢) Rotorod: ﬁjshaped rods witﬁ CQilection surfaces of
1.59 mm in diameter coated with MgO were rotated at a speed of
2400 rev/min with a DC power supply from a 12V battery.
The droplet samplers discussed in a, b, and c above were
set at distances of 2 and 16 m from a spray path; Slides were also
fixed vertically and horizontally close to the above samplers. Water
plus 57 wetting agent and water plus 207 Ulvapron were separately
sprayed from a 5.5 cm nozzle using a No; 4 restrictor; For each
spray an equal amount (50 ml) was sprayed with the spray nozzle 40 cm
above the ground and moved at a walking speed of onme m/s.
The mean temperature during the spray operation was 20 i?OC with a
relative humidity of 72 + 67 and an average (cross) wind of 2 - 3 m/s
and 2.5 - 3.5 m/s for water and the emulsion (water plus 207 Ulvapron)

respectively. The experiment was repeated twice a day (morning and

afternoon) over a period of 3 days.

(1) . Obtained from :Meccano Ltd. Binns, Rd. Liverpool, L13 1DA, UK.
(2) Obtained from Cf Cassella and Co Ltd., Regent House, Britania

Walk N1 7ND (Instruction Leaflet No. 3018/TE).
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Fig. 11 Relative droplet collection efficiency of slides
and Cascade impactors coated with MgO.

(Sprayer = 5.5 cm spinning disc, Speed = 10,000 rev/min.

1
2007 Wm RS = rotating slides
80 1 VR = vertical slides
: HGD = horizontal on ground
601 CI = Cascade impactors
40 DNF = droplets not found
201 -~ 1= droplets/cm2
rl : 2 = VMD in um

100+ 1 3 = NMD in um

801 1.

60- |

404 2 i | .
N a0k

0 Lu I““

80 - ’ Temperature,20 * 2 °c

Relative humidity, 72% 67

601

404 |

20 ) .

100+

80

60-

404 Jif\a

| O

0 E l 1

RS VR HGD cli RS VR HGD

cl
DNF
«—— 2 METERS > < 16 METERS —_—




53

The higher number of droplets collected per unit area and
the VMD and NMD index of the two spray formulations indicate that
of the three droplet collecting surfaces namely, rotating slides,
Cascade impactors and Rotorods, MgO coated slides were significantly
more efficient under field conditions (Fig. 11 and details in
Appendix I Table 8).

In all the samples more droplets were collected on rotating
slides than on either vertical or horizontal slides and the least
were collected by the Cascade impactors which collected only a few
droplets at a distance of 2 m from the spray path, No droplets
could be seen on the Rotorod sampler so this methed was not used

in subsequent experiments.

2.4.4 Downwind movement of spray droplets

Johnstone et al (1977) pointed out that deposition of droplets
(60 -~ 150 ﬁm in diameter) is influenced considerably by the micro-
meteorological conditions prevailing at the time of spraying. Variable
factors such as wind direction and speed; air turbulance (f?ictibnal
and thermal) and air temperature play an impoftént role on the down-
wind movement (drift) of droplets; The water content of many of thé
smaller droplets may evaporate before they settle. In case of water-based
sprays, relative humidity has a major role on droplet sizes (Johnstone
et al., 1974). Akesson and Yates(1964)and Yates et al., (1967) have
shown that downwind drift of a spray depends not only on the way a
spray is applied but also on volatility and proportions of solvents
and other formulating agents.

Droplets were sampled at different distances downwind when
spraying water with wetting agent or with different pfoportions'of

Ulvapron oil. Sprays were applied with a) a single 5.5 cm disc,
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b) an array of 4 single discs and c¢) a multiple-disc (15 discs)
nozzle, Deodourized kerosene and water plus 207 Ulvapron form-—
ulations were sprayed also with d) an Exhaust Nozzle Sprayer.
Both the multiple-disc unit and the Exhaust Nozzle Sprayer-were
mounted at same height (250 cm) above the ground i.e. slightly
higher than the roof of the Station Wagon Land-Rover (Plates 1
and 2) to allow adequate air movement to carry droplets away from
the nozzle.

The 5.5 cm hand held spray was maintained at about 90 cm
above the ground level when spraying. On the 4-disc sprayer the
discs were arranged in parallel with 48 cm between the top discs
and 150 cm between the bottom two discs; a gap of 105 cm separated
the lower and the upper discs which were maintained at spray heights
of 145 cm for the lower two and 250 cm (off the ground) - for the
upper two discs (Fig; 12) (Thornﬁilll 1979b):

Magnesium oxide coated slides were mounted vertically at
heights of 35, 70 and 150 cm on stakes; Five stakes one meter apart
were placed at the same distance downwind in a row, and 10 rows
were spread out in geometric progression at distances of 0.25, 0.50, 1, 2,
4, 8, 16, 32, 64 and 128 meters downwind from the spray path. A
total of 15 slides per row or 150 slides per spray were examined
repeating each set of'spray test five times;

When the Exhaust Nozzle Sprayer was used with a mean wind
speed of 2 - 5 m/s in the open, droplets could not be sampled with-
in 6 m downwind of the spray path, so the sampling distances were
positioned an extra 6 m downwind i.e. sampling distances of 6.25,
6.50, 7, 8, 10, 14, 22, 38, 70 and 134 m from the spray path were

used. Under sheltered (still condition) a total of six magnesium
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Fig., 12 Arrangement of 5.5 cm four—disc sprayer showing

the relative position of discs.
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oxide coated slides, three on vertical position on stakes and three
on horizontal positions on ground were placed for each consecutive
distance which was spaced out a meter apart downwind up to a max-
imum of 25 m,

Also with the Exhaust Nozzle Sprayer, upward movement of
the spray above the nozzle was determined both under open and sheltered
conditions. Droplets were sampled 1 m below the nozzle on MgO coated
slides with faces up and with a series each a méter apart were clipped
face down on a rope 11 m long hoisted up a spray tower,

The Station Wagon Land-Rover either carrying the multiple-disc
spray unit or the Exhaust Nozzle Sprayer or a trailer carrying a 4-disc

spray frame were all driven at a speed of 1 m/s while spraying.

2.5 - -Spray study on locusts‘(Sc¢histocerca gregaria F.)

2.5;1'ﬁaékgr0und

The desert locust being one of the oldest and most damaging
insects (Exodus 10 : 15), requires unabated vigilance (Collins, 1978)
and effective chemical weapons. A number of insecticides can be
used effectively for the control of locusts (MacCuaig, 1958, 1968)
and although intensive use of insecticides such as DDT; Y-BHC, diel~
drin, diazinon, dichlorvos and malathion have hitherto beén effecti§e
(Bennett & Symmons, 1972), the possible build up of resistance both
within the insect and the environment heralds the need for continued
search into alternative chemicals and spray methods.

The pattern of agriculture in most 'locust belt' areas of the
world is changing fast from simple low input to a complex high input
commercial type farming, thus exposing agriculture to an even riskier
and challenging condition where it remains quite vulnerable to the
attack of locusts. An outbreak of locust swarms can be devastating

as entire crops can be wiped out overnight,
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There is a need to reduce the quantities of persistent toxic
chemicals applied to the environment as well as maintain control with
ultra low volume rates of application., ZLocusts being mobile, pick-up
of sprays is likely to be important with small droplets and to have
greater effect when locust populations are aggregated. (MacCuaig
and Yates, 1972). Since the study of the effect of adding oil into
water based formulations involved spray nozzles that are appropriate
for the formation of small spray droplets; the study of pick-up was
investigated together with the use of insecticides on locusts reared
under laboratory conditions i.e, mobile and semi-mobile adult and

hoppers.

2.5.2 "~ Rearing of locusts

The method of rearing of locusts iﬁ pﬁé laboratory was that
described by Jomes (1966); All locusts'wére supplied by the Centre
for Overseas Pest Researcﬁ (COPR) at 2nd~ to 3rd- and 4th-instar
stages. After arrival they were allowed to develop either to 5Sth-instar
or adult stages by keeping them in rectangular metal cages (38:5 i
38.5 x 56 cm) which contained small doors at the top for daily feeding
and cleaning. The metal tins were bolted to an aluminium framework
and the front side was covered with a transparent glass panel. A 20W
electric bulb was incorporated inside each cage to provide sufficient
light and to supplement heating. A 16-gauge perforated zinc (apertures
2mm in diameter) provided a false floof wﬁich was inserted about 10 cm
above the main floor to allow faeces to fall through. Each cage would
accomodate up to 200 locusts during the early stages of development,
Most of these experimental studies were limited to 5th-instar
hoppers or adults (15 days old after the last moulting), which were
transferred to smaller cages in groups of 10. The smaller cages
were either square shaped (15 x 15 x 15 cm) or a perspex cylinder

about 35 cm high and 16 cm in diameter. All cages big or small with
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the locusts in them were kept in other larger cages varying in

sizes (from 1.5 x 1.5 x 0.7 to 1.5 x 1.5 x 1.5 m) made from handy-
angle fittings and covered with black polythene sheets. A mean
temperature of 28°C and a relative humidity of 407 was maintained by
electric fan heaters which were controlled by thermostats set up

in each cage. Twelve hours of artificial light using fluorescent
tubes was alternated with 12 hours of darkness by means of a master
automatic electric switch system.

A daily supply of fresh grass and formulated dry wheat bran
(middlings) were provided to the locust (about 10 times theilr body
weight) during each 24 hours period and cages cleaned. The purpose of
providing such a large quantity of food daily was to insure that

no cannibalism occurred at any time between any of the locusts,

Several fixed dosages of insecticides were applied to groups
of randomly selected individuals and tﬁe responses to the various
dosages was assessed by recording the time taken by éach individual
to die (Woods, 1972). Quantal measurement was possible by taking
the numbers dead in each group and the numbers alive only when the
experiment reached a steady state i.e, when the poison was having no
further effect but before natural mortality became significant. The
data for the assay was provided by the records of death or survival
(Finney, 1977).

Two new organophosphorous insecticides both as technical

and emulsifiable concentrate formulations a) propetamphos (1) b) etrimfos

(2)

(1) Ref. No. SAN 52 139 T and (2) Ref., No. SAN 197 I : both
supplied by SANDOZ Ltd., Agrochemical Research Department,

CH-4002 Basle/Switzerland.
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(3)

c) fenitrothion were selected for the biocassay. The two new
organophosphorous insecticides were assessed as possible replace-
ments for fenitrothion which has been used instead of the chlor-
inated hydrocarbons.

The level of effectiveness of each insecticide was deter=-
mined by screening tests. A convenient scale of doses for such
tests was established starting at a higher dose level and then de-
creasing by a factor of approximately 3 (e.g. 100, 33, 10, 3.3 and
1 ng/g of body weight) until a dqse was reached which killed no
insects; Since the screening tests of each of the above three in-
secticides indicated varied levels of effectiveness both for 5th-
instar and adult locusts, different levels of doses were set as a
basis for determination of LD50 and LD99.

The doses required for eacﬁ application of insecticidal
solution in volume (ﬁl) which yields a given dose in ug/g (i.e. re—.
lative to weight of locusts) was applied with a micro-capillary
applicator (Fig. 13) (MacCuaig and Watts, 1967).

Tﬁﬁ capillary was filled to the required scale mark by apply-
ing cotton wool saturated with the insecticide solution to its tip.
The solution was then applied by squeezing the bulb with the fore
finger covering the perforated hole in it to force air through the
capillary therby expelling the insecticide to the desired target
area or zone. The scale of the capillary conveniently covers the
range 0 ~ 0.6 pl divided into units of 0.1 pl with further sub-
divisions of 0.02 ul. Any dosage required above 0.1 pl level was
repeated and the total amount needed for each insect was thus com-
pleted by instalments.

The method of application of the required doses and keeping

of records of the relevent information was similar to that followed

(3) Supplied by CIBA-GEIGY, Agrochemicals, Whittlesford,

Cambridge, CB2, 4QT, U.K.
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Fig. 13 Sectional diagram of the micro-capillary applicator

and holder.
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by McCuaig (1967). Proper randomisation was followed before appli-
cation of the insecticide.

Active ingredient in micrograms, contained in 0.1 pl of
solution is numerically equal to the percentage of active ingre-
dient (weight/volume) in the solutions (McCuaig, 1967). This means
that if a 207 solution is to be applied, 0.1 ul will contain 20 ug
of active ingredient, so that if the dose is 50 ug/g, 0.25 ul of
solution will be needed for each gram of the insect's body weight.

After every experimental insect was weighed and the appro-
priate dose calculated with respect to its weight, the quantity
required was applied by the micro-applicator to the intersegmental
region between the first and the second abdominal sternites. After
dosing, the insects were kept in appropriate cages according to
dose groups. With stomach toxicity tests for 5th-instar hoppers,
calculated amounts of insecticides were applied in the centre of a
single blade of grass leaf and provided to each hopper which was
kept hungry for 12 hours prior to the test. The contaminated blade
of grass was provided from a Hanginguposition'down through the air
inlet of perspex bottles shown in Plate 5. Time was taken until
the whole blade particularly the contéminated portion was eaten
by each experimental hopper before being transferred to its res-
pective group cage for mortality observation.

As the insecticides for the bioassay were colourless, a
small quantity (0.01%) of waxoline red dye was used in each of the
insecticide solutions to facilitate dosing with the micro-applicator.

All observed final data for each insecticide and dose groups
were analysed on a computer with the aid of a single and parallel
probit analysis programme (S103) from the permanent file of the

ICCC/ULCC computing facilities (Appendix IV, Table 26 (A). and (B).
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Plate 5 Method of feeding a single dosed grass blade

to ecach 5th-instar hopper.
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2.7 Spray deposits on locusts

Spray deposits on bothvmale and female locusts (15 days
after fledging) were measured in the laboratory while in flight
and in a stationary (suspended) position. A total of 12 i.e.
three locusts of each sex were put on each of two stands, one of
which was rotated (Plate 6). This stand was fitted with a 6V-motor
(Para.2.4.3a) and bearings to enable it to rotate effortlessly.
Each revolving stand had six (slightly rigid) arms extending from
the centre with an equél length (of about) 37 cm in diamefer. A
device was incorporated to provide a hook on Whi;h locusts were
suspended by their pronotum all facing in a clockwise directionm.
About 15 cm back from the tip of each extended-wire-arm, a hub was
provided to hold a MgO coated slide in vertical positions, when the
stands rotated each of the locusts sﬁspended at'the tip of each
arm rotated through a circle of 232,5 cm circumference,

A series of dilutions (10’1., 10’2, 1073, 10"4, 107>, and
10_6) w/v of waxoline red dye in Shellsol-AB o0il were prepared prior
to spectrophotometry of the-spray deposit. The absorbancy of each
dilution was read by an automatic scanning spectrophotometer Type-
UNICAM, model MSP80O at the ICI Laboratory, Jeallot's Hill (Fig. 14)
and a calibration curve plotted (Fig. 15).

Different quantities 0.24, 0.29, 0.34, 0.58, 0.66, 0.80 and
1.1 ml/m2 obtained through a series of calculations (Appendix IV
Table 27) from the field spray deposits collected on MgO coated slides
downwind (Para. 3.3.3) of 17 waxoline red dye in Shellsol-AB was sprayed
in the laboratory both on a rotating (flying) and suspended (station-—

ary) locusts. The two stands were set one after the other on a con-

veyor belt which carried the locusts through a transparent polythene
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Plate 6 A stand on which locusts and glass slides were

rotated in a cloud of spray droplets.
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14  Absorbtion spectra with points of wavelength, percentage
concentrations of waxoline red dye and absorbance as de-
termined by auto-photo-electro scanning.
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covered passage and 30 cm below a suspended 5.5 cm spinning cup.

(1)

A sage pump, model 341 , controlled and delivered the required
amount of spray solution per unit area applied for every batch or
group of test locusts. Spray droplets varied in size between 68 -
70 ym and 60 - 66 um VMD and NMD respectively.

As soon as the stands of rotating and suspended locusts
reached the other end of the covered passage on the conveyor belt,
each locust was bathed in 25 ml of acetone in individually pre-
pared test tubes marked with the weight of each respective locuts.
Also 25 ml of acetone was used to wash a standard (or reference)
locust during each set of transmittance and absorbance measurements.

The measurements of absorbance and percent concentration

of solutions are shown in Appendix IV Table 29A - E,

2.8 Field trials in the control of powdery mildew

2.8.1 TImportance

Powdery mildew of cereals is known to affect over 100 species
of grains and cereals and is ﬁide spread in temperate zones. In
parts of the Southern United States crop losses in barley were es-
timated to have reached 10 - 147 over the five year period beginning
in 1937 (Roberts and Boothroyd, 1972). Lodging is not uncommon in
diseased plants and in severe conditions flower heads blast. Mildew
inhibits photosynthesis and stimulates respiratioﬁ i.e. diminishes
net assimilation rate (Rea and Cott, 1973).

Mildew attacks cereal plants at all stages of their devel-
opment from emergence to ripening of the ear. Affected glumes and
ears become discoloured and grains usually shrivel. In variety

trials in England between 1959 - 62 there was a mean loss of grain

(1) Sage Pump Insturments, Division of Oregon Research Incorporated

Cambridge, Mass, 02139, U.S.A.
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in winter wheat of about 2.57 with losses rising to 7.5% at a mean
mildew infection of 167, Also trials on barley over four years
covered the range of severity of natural mildew attack from slight
to 257.

The number of mildew races was on the increase from year to
year. By 1966, 38 races were identified on wheat in north-east
Europe and 32 races in barley in North America {(Moseman, 1966).
Grain yield of barley was reduced by 227 (Last, 1955 and 1962) and
between 1957 and 1960 mildew field trials sustained a loss of 125
kg/ha (Large and Doling, 1963). On commercial crops of spring barley
and winter wheat in England and Wales, it was observed that mildew
was the major disease of barley in five years (1967 - 1973) out of
six (King, 1973). The estimated valué of losses in those six years
amounted té an average of £23,3 million per year.

In England and Wales disease surveys between 1970 - 1975
(King, 1977) showed that high levels of disease occurred on winter
whea; incurring an estimatedlloss in yield of about 10Z. The loss
in spring barley in 1976 and 1977 was estimated to be worth £35
and £25 million respectively, whereas in winter wheat.during those
two years it was £7 and £5.5 million. Despite increasing losses
in yield and revenue amounting to 197 in spring wheat and 10 - 15%
in winter wheat, the control of powdery mildew has gained little
in importance (Kradel, 1967).

Heavy losses of cereals may occur in some seasons due to
mildew infection either alone or in combination with otherAfoliar
diseases so a continued search for efficient and positive methods
of control is justified. While a variety of fungicides (e.g. over
45 different fungicides listed in the 1979 Approved Products alomne)
for plant disease control may be available, the delivery of each
one of them to targets of infection requires precise control of timing

and correct dosage. Traditionally fungicides have been applied by
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high, or to a lesser extent, low volume, spraying. Recently, how-
ever, some farmers have used controlled droplet application to in-
crease the speed of application and reduce wastage of chemical.

The need for greater conservation of pesticides in general
and the consequent saving in cost and reduction in hazard, requires
a change from high volume spraying. A national control campaign
of coffee leaf disease eradication in some parts of Ethiopia had
to be abandoned owing to large volume of spray requirement (200 -
2000 1/ha) and the problems of_haulage over a rugged and difficult
terrain. Consequently, the loss in crops and cash was economically
significant. This incident emphasizes the need to look into con-
venient methods of applying fungicides to a wide range of crops.
This study concerns the use of fungicide sprays on mildewed wheat

plants under both field and laboratory conditions.

2.8.2 Experimental programme

Mildew control was studied by comparing controlled droplet
application (CDA) and high volume sprays (HV) of fungicides with
the effect of treated prior to sowing (DS) against mildew on pot
planted greenhouse grown plants. Concurrently, CDA application of

fungicide was applied to field plots.

2.8.3 Materials and procedures

A winter wheat cultivar Maris Kinsman, a high yielder in

(1)1978) and

general use with a short and very stiff straw (NIAB
low vernalization requirement was used., Assessment of mildew was

restricted both for greenhouse and field planted wheat to the upper

(1) NIAB : National Institute of Agricultural Botany, (Cambridge)

1978: Farmers leaflet No. 8.
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most four leaves and upper surfaces of plants regarding the per-
centage affected (Feeks, 1941; Large, 1954; Tarr, 1972 and ADAS,

1976a, 1976b).

2.8.3.1 Greenhouse experiment

In the greenhouse the wheat was sown in 64 compost filled
pots (Area and volume of each pot = 1134% and 1300cm3) arranged in
four completely randomized designs., The treatments were controlled
droplet application (CDA), high volume sprays (HV) and untreated
(CON) together with a treatment (DS) in wﬂich seeds were treated with
an aqueous suspension of 587 ethirimol (1500g . a.i./1) applied at
the rate of 670 m1/100 kg of seeds.

Plants in each group of randomised pots were thinned to
only four healthy plants and were artificially inoculated in an
inoculating ch;mber (Appendix V Fig, 9) at the 4th growth stage
(Feeks, 1941) with mildew spores from diseased leaves having a
mildew infection intensity of 50 - 70%. Inoculated plants were
then immediately transferred to a greenhouse with a mean temper-
ature of 21°C and a relative humidity of 70%, to encourage mildew
development (Last, .1963). Assessment of infection was carried.out
and then all plants excluding those grown with treated seed (DS)
were sprayed with triadimefon fungicide, This fungicide is a rel-
atively new wide spectrum,.curative/protectant and fully systemic
fungicide formulation containing 257 triadimefon ) (Kaspers et al.,

1975) with 5% special formulating oils and china clay.

(1) triadimefon (Bayleton) is the coﬁmon name for 1-(4-
chlorophenoxy)-3, 3-dimthyl-1-(1,2-4-triazol-1-yl) butan-2-2
one, a compound of low mammalian toxicity with fungicidal
activity against a wide range of agricultural and horticult-

ural diseases. It is recommended and approved under the

Agricultural Chemical Scheme for the control of powdery mildew etc.
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A 5.5 cm toothed grooved spinning disc (Para.2.1.2b) was
used with a mains supply via a power pack to control disc speed
and hence droplet size for CDA treatment. Flow was standardized
by a Sage Pump (Para.2.7) and at 6.4 ml/min droplets of VMD and
NMD of 70 and 55 um respectively (Appendix I Table 5 and Fig. 3)
were obtained for a triadimefon fungicide applied at the rate of
250g in 8 and 2 litres of water and Ulvapron oil as for the stacked
disc discussed under Para. 2.8.3.2,

For high volume application, the manufacturers' recommenda-
tion of 500g in 200 litres of water/ha was applied using an X-Pert
(Hudson, 1963) @ compression sprayer with a Tee—jet nozzle No.
8002 at 3.8 kg/cm2 (55 1b/in2). From a spray height of 90 cm, a
VMD of 230 and an NMD of 130 pym was obtained. 1In order to avoid a
fumigation effect due to volatility of the fungicide, control plants
were kept in a separate glasshouse under similar conditioms,

A second and final assessment of mildew was made at the
10.5 growth stage, i.e. after completion of heading but before the
onset of ripening (Large and Doling, 1963). At this stage four
leaves still remain intact_énd active in the absence of mildew
infection thus providing accurate assesément possibilities of both

intensity and severity of mildew infection.

2.8.3.2 Field experimentation

The field experiment was confined to an area of about a
gquarter of a hectare (2500m2) in which there were early, medium
and late sown wheat plots. The area was split into nine plots each

subdivided into three subplots (a total of 27 plots) to provide a

(1) 67322 WAX-Pert compression sprayer. Manufacturing Company

General office: Chicago, Illinois, U,S.A.



71

split 3 x 3 latin square design for another student conducting a
simulataneous study of aphid population and ecology. The plots
were taken as replicates and not arranged into larger plots.
Wheat was sown on the following dates 29-9-77, 10-3-78
and 11-5-78 (A, B and C respectively (Appendix V Fig. 10). A

(1)

fertilizer of NPK 8:20:16 containing P of 18.27 and non-

2%
soluble P205 of 1.87 was base dressed at the rate of 5.7 g/mz.
Nitro-chalk |Calcium Nitrate, Ca(N03)2| was also top dressed at
same rate as above. Natural mildew was randomly assessed at growth
stages of ©, § and /05, A multiple-disc sprayer with 15 spinning
discs (Para. 2.1.2¢, Fig. 2 and Plate 1) delivered CDA sprays of
triadimefon formulation on mildew infected wheat in the field.

The formulation was prepared at the rate of 250g triadimefon
in 8 and 2 litres of water and Ulvapron oil per hectare respectively.
The sprayer was fitted with a flow regulator and with an initial
pressure of 5.6 kg/cm2 in a stalnless steel tank there was a constant
flow rate 6f 150 ml/min i.e. 10 ml/m/disc. Under field spray oper-
ations with a prevailing temperature of 21OC, and a relative hum-
idity of 50% and with a disc speed of 8000 rev/min., a spray with a
VMD and NMD of 70 and 55 umkdroplét sizes was achieved as for the
spinning disc in Para. 2.8.3.1.

The distribution of droplets in the field was observed by
laying out Kromekote papers (Higgins, 1967) in horizontal and upright

positions and in addition Saturn yellow deposits (Para. 2.2.4)

were examined under ultra-violet light,

(1) Obtained from Lindsay/Kesteven (LK), Fertilizers Ltd.,

Saxilby, Lincoln LN1. 2DS (Tel (0522) 37561.
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As a control to assess the effectiveness of the spray
randomly selected sample sub-plots (each = 0.25 mz) within every
plot were covered with polythene at the time of spraying. The
covers were left on for about three days after each spray operations

to avoid any fumigation effect on the unsprayed plants.
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3. RESULTS

3.1 Laboratory experiments on droplet size

3.1.1 Effect of oil on droplet size (>250 um)

This experiment examined the effect of two contrasting
environmental conditions namely, low temperature and high humidity
(180C, 697 RH) and high temperature and low humidity (420C, 187 RH)
on a water spray with either 57 wetting agent or 22.5% oil with
flow rates of 84 and 66 ml/min respectively,

At 200 cm below the nozzle the VMD of water droplets was
reduced by 347 at 42°C and only 137 at 18°¢ compared'with the VMD
at 30 cm., The addition of 0il gave a smaller reductiom at both
temperatures, mnamely, 10 and 5% at 42°C and 187 and 18°C and 697
relative humidity respectively (Table 1 and details in Appendix II
Table 9).

With flow rates of 84 and 66 ml/min for water plus 57 wet-
ting agent and water plus 20% Ulvapron oil respectively, the volume
of droplets was calculated from the measurement of VMD for each form—
ulation and showed that addition of o0il reduced the change in thé
volume of droplets. At 42°¢c the volume of water droplets had
decreased by 707 but with o1l in the spray by only 277. Even at
the lower temperature of 1800, the volume decreased By 35 and 127
without and with oil respectively. The percentage reduction in
VMD under the same conditions was 32 and 13%Z, 15 and 107 respect-

ively for the two formulations.

3.1.2 Effect of oil on droplet'size (<110 yum)

The effect of the same formulations as Para. 3.1.1 was also
examined with the same disc operated at two higher speeds with high
and low temperatures and relative humidities (3400, 157 RH and 12°C,

587 RH).
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droplets between samples at 30 and 200 cm below an 8 cm

spinning disc.
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(Speed, 1950 rev/min).

Percentage decrease of VMD, NMD and calculated volume of

Formulation

VMD

NMD

Calculated Volume
based on VMD

Temp RH
°c A
18 69

Temp RH
°c  z
42 18

Temp RH
C %
18 69

Temp RH
C Z
42 18

Temp RH.

°c yA

18 69

Temp RH
°c 7
42 18

Water plus 57

wetting agent

13

34

15

32

35

70

Water plus

22.5% Ulvapron

10

10

13

12

27
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At a disc speed of 9,000 rev/min., a temperature of 34°¢
and 157 RH, the VMD of droplets containing water plus 57 wetting agent
was reduced by 16%, but with water plus 22.5%7 Ulvapron oil, the red-
uction in VMD was only éZ over a distance of 170 cm. (Table 2). The
percentage reduction at 12°C and 587 RH was % and 47 respectively.
When the volume was considered i.e. the percentage reduction was
407 for water plus 57 wetting agent and 23% for 22.57 Ulvapron oil
at 34°C and 157 RH. Similarly the percentage volume reduction was
18 and 107 for the two formulations at 12°C, 587 RH. The NMD also
followed a similar trend amounting to 22 and 13% and 11 and 1.47 fox
water plus 57 of wetting agent and water plus 22.5 of Ulvapron oil
at the higher and lower temperatures respectively. There was thus
a similar reduction in the sige of droplets at 200 cm below the
nozzle (Tables 2 and 3 and Appendix 11 Tables 10 - 11) with the
formulation containing oil as with larger droplets, but less evap-—
oration occurred with the water spray mainly due to the lower tem-—
perature in these tests although the effect of a larger number of small
droplets humidifying the air could have been a factor.

Where conditions remained the same as aobve, but at a disc
speed of 12,000 rev/min.,, the percentage reduction in VMD with
droplets of water plus 57 wetting agent and water plus 22,57 Ulva-
pron oil was 23 and 137 (at 34°C, 157 RH) 10 and 1.3% (at 12°C and
587 RH) respectively (Table 3).

When the volume was calculated from the VMD, the percentage
reduction was higher, as mentioned above, being 54 and 33%, 25 and
5% for water plus 5% wetting agent and water plus 22.5% Ulvapron
0il respectively. Concurrently the percentage reduction in NMD for
the same formulations was 33 and 207%, 15 and 107 respectively.

In Para. 3.1.1 with >250 pm droplets and here in Para 3.1.2

with <110 pm droplets, the addition of o0il has in both instances
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2 Percentage decrease of VMD, NMD and calculated volume

of droplets between samples at 30 and 200 cm below A 5.5 cm

spinning disc (speed, 9000 rev/min).

Calculated volume

VMD NMD based on VMD

Formulation Temp RH |Temp RH |{{Temp RH |[Temp RH {|[Temp RH [Temp RH

°c 2| °% %% %{°% 2| °% 2% =

12 58 34 15 12 58 34 15 12 58 34 15
Water plus 57
wetting agent 16 11 22 18 40
Water plus

9 1.4 13 10 23

22,57 Ulvapron
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Table 3. Percentage decrease of VMD, NMD and calculated volume
of droplets between sample at 30 and 200 cm below A 5.5 cm
spinning disc (speed, 12000 rev/min).
Calculated volume
VMD NMD based on VM D
Formulation  Temp RH [ Temp RH {(Temp RH {Temp RH [|Temp RH {Temp RH
°¢ 2| % #f{°%°% 2| °% z2||°% z2|°% =
12 58 34 15 12 58 34 15 12 58 34 15
Water plus 57
10 23 15 33 25 54
wetting agent
Water plus
22.5% Ulvapron 1.3 13 10 20 5 33
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significantly reduced the decrease in droplet size due to evap-

oration of the carrier liquid.

3.1.3 Effect of three different oils on droplet size

A spray study as in Para, 3;1.1. and Para. 3.1.2 was con-
ducted with water plus 57 wetting agent and three different oils
namely, Sunoco Sunspray (SSS) 7E, 11N and different concentrations
of micronised Ulvapron oil employing the same disc and flow rest-
rictor, at a speed of 15,000 rev/min., and a constant temperature
of 34°C and 207 RH.

Droplets were sampled at 10, 30 and 200 cm below the disc
(Para. 2.4.1) and the results of analysis are shown in table 4
and details in Appendix ITI Table 12.

The highest percentage reduction of VMD, NMD and volume
oécurred with water plus 5% wetting agent, the volume decreased
by 39% at 30 cm and 82% at 200 cm below the nozzle (Table 4 top row).
In contrast the least percentage reduction of volume of droplets
occurred with the formulation containing the greatest quantities of
0il (40%). in water (bottom row) namely, 67 at 30 cm and 14% at
200 cm spray heights respectively,

An overall analysis of variance for the difference of the
mean percentage droplet reduction between the 30 and 200 cm sampling
points below the nozzle was significant P>.05 (t-test) (Table 4).

The addition of 20% Sun oil either as the 7E or 11N form-
ulation had less effect omn evaporation of water from droplets than
207 Ulvapron oil although droplets of water plus 20% Sun oils at
30 and 200 cm were significantly larger than those without any oil.
The effect on the droplet sizé which occurred when the percentage
0il of Ulvapron oil decreased from 40 to 20 and 157 was investi-

gated in more detail in a latter experiment (Para. 3.1.4)

sl
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Table 4. Percentage decrease of VMD, NMD and calculated volume?ﬁroplets

between samples of 10 - 30 and 30 - 200 cm below A 5.5 cm

spinning disc.

and flow restirctor No. 4).

(speed, 15000 rev/min., Temp. 340C, 207 RH.

Formulation vMD NMD Calculated percentage
change in volume based
on VMD,
Water + 57 30 15 16 39
wetting agent 200 43 45 82
Water + 20% Sumnoco 30 6 7 17
Sun spray 7E 200 23 21 55
Water + 207 Sunoco 30 7 8 19
Sun spray 11N 200 18 13 L4
Water + 157 Ulvapron 30 5 5 13
micronised 200 16 15 33
Water + 207 Ulvapron 30 5 5 7
micronised 200 26
Water + 407 Ulvapron 30 2 3 6
micronised 200 8 14
30 cmvs 200 cm ¢ VMD = T = > .05
NMD =T = > .05
Volume = T = > .05



80

3.1.4 Effect of different concentration of o0il on droplet

size at three disc speeds.

The change in droplet size when sprays containing water plus
5% wetting agent and 5 different concentrations of o0il namely, 5,
10, 15, 20 and 407 'Ulvapron' oil in water was conducted with a
5.5 cm spinning disc as described in Para. 3.1.1, 3.1.2 and 3.1.3
at BZOC, 207 RH, The disc was operated at three speeds of 5000,
10,000 and 15,000 rev/min. A No. 4 flow restirctor was used so
the volume applied changed in relation to the wviscosity of the
spray liquid. Spray droplets were sampled at 3 levels namely, 10,
30 and 200 cm below the disc.

For the computed results and details of comparative analysis
see Fig, 16a and 16b and Appendix II Table 13A, B and C. Also diff-
erences in droplet depositions between water plus 57 wetting agent
and water plus 20% ﬁlvapron 0il at three levels below the nozzle
(i.e. 10, 30 and 200 cm)-are shown in Appendix II Plates 1 and 2,

An increase in disc speed from 5,000 to 10,000 and 15,000
-fev/min., decreased the size of droplets irrespective of the liquid
applied and the level at which droplets were saﬁpled. For example
at 10 cm below the disc a VMD of 100 pm with water plus wetting
agent at 5,000 rev/min., was reduced to 70 pm at 10,000 rev/min.,
and to 49 um'at 15,000 rev/min. Similarly, a VMD of 102 pm with
water plus 57 Ulvapron oil was reduced to 71 pm and then to 49 pm
at the two higher disc speeds respectively.

As the proportion of o0il in water was increased, the decrease
in droplet size was less but the effect of 407% oil was not much greater
than with 20%Z. The mean percentage reduction of the VMD of droplets
with water plus 57 wetting agent was 157 between the 10 and 30 cm,

and 447 between the 10 and 200 cm samples below the disc at all the
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Fig. 16a VMD and percentage change in VMD with different concentrations
of o0il in water sprayed with a 5.5 ecm spinning disc.
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204 Y \ 5,000 rev/min SPRAY HEIGHTS = a) 10 cm, b) 30 em, ¢) 200 cm
’” [ ]
. \.\. VMD DOTTED LINKES REPRESENT =
80- '\. \’_ _] WATER PLUS 57 WETTING AGENT
\.a
704 : .
S «—eo—* * ec PERCENTAGE CHANGE IN VMD
S 6 0 _1' —
5 . avsb=T="P> .05 T = P>.01
=9 504 avs cw=T=P> .01 ~
bvsc=T=P<i00 w  POOLED SD.= 9.21, F = P> .01
40 4 -
=3 | ]
2 .
g 904 . \
z L ]
8 20+ - S
L".ﬂ \-
(25 =
Ry 104 . P c
' POOLED SD. = 7.72, F = P <.01 S
o . . ' =b
% T 1 T ) v T ¥ T ¥ R
701 e—® -
. _.\ 10,000 rev/min
4 @ L J -
=1 6o \ \
-«
= [ J
501 \ ~_ 4
= ° . _
[ o e —_— e = T = P>.01
. 401 @ .\. * “ .
e oc ‘I\P\OOLED SD. = 9.0, F =P = P£.01
& a0 avebe«T=P>.05 - '\
Eﬂ avs ecw=Tm=7Pp».,01 -
% 201 bvsc=T=7P>».05 \.
. \
10 . ~ mc
A POOLED SD. = 8.45, F = P£.01. o~
J . — ab
[ o T 1 M T T 1 T T T T —y
= Juiis
% (o e 15,000 Trev/min . .
[ - ‘\o\ LN
A 407 N — 1 =
g — \ T = P>.01
—
304 e—®—e—e !E N .\‘POOLED SD. = 9.6, F = p£,01
o
avsb=TaP>»05 = .
20+ avsic=Te=P>001 . T~
bvs c=T=P.001 =., \
101 - '\'\ ' sc
POOLED SD. = 4.57, F = P<.0} L S ab
T T T T T 1 T T T
o 10 20 3o 40 o© 10 20 30  4b
PERCENTAGE OF ULVAPRON IN WATER



VOLUME

PEDRCENTAGE -

yum  AND

DIAMETER IN

DROPLET

82

in NMD with different concentrations

Fig. 16b NMD and percentage change
of oil in water sprayed with a 5.5 cm spinning disc.
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three disc speeds despite initially smaller droplets at the higher
disc speeds. The VMD of droplets with water plus 407 Ulvapron oil,
were also reduced but by an average of only 4.6 and 11.67 respect—
ively at the same sampling heights.

The VMD of droplets with water plus 5% wetting agent was
less than water plus the lowest concentration of oil, namely 57
at all three disc speeds. This initial difference in droplet size
between the two formulations and subsequently with others existed
despite the fact that the rate of the flow of the former was slightly
higher (by 7.6%) suggesting that although the initial droplet sizes
were affected by changes in surface tension and viscosity a partial
evaporation of water from droplets without o0il may have taken place
immediately before droplets reached the nearest sampling points
i.e. 10 cm below the nozzle, |

The analysis of droplet size at each level showed that the
VMD decreased between the 10 and 30 cm samples (P>0.05), with more
significant differences between either 10 and 200 cm (P<0.01) or
30 and 200 cm (P>0.01) below the nozzle,

The percentage reduction of the VMD indicated a similar

trend in Fig. 16a and 16b (right columms).

3.,1.5 Effect of different concentrations of three oils

on droplet size (laser detected).

The results on reduction in droplet size due to evaporation
of water obtained above were reassessed using a laser diffraction
system to measure the droplets. A range of concentratiomns of oil
5, 10, 15, 20 and 40% in water was again compared with water plus
wetting agent. Sprays were applied with a spinning disc mounted

in a spray tower (Para. 2.4.2) maintained at a constant temperature

o
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17 VMD and percentage change in droplet volume when water
based sprays containing concentrations of three oils
were sprayed with a 5.5 cm spinning disc.
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of 19OC and 597 RH. The disc speed was 7500 rev/min., In these
tests a constant flow rate of 30 ml/min was maintained for each
formulation irrespective of its viscosity in contrast to the earlier
experiments.

The computed results of droplet sizes detected in the laser
beam for each formulation at each sampling height are shown in Fig.
17 (Appendix II, Table 14).

The study was at a relatively low temperature and high hum-—
idity but the reduction in the size of VMD or percentage volume of
each formulation is obvious except for those formulations with higher
concentrations of oil (Fig. 17).

With a uniform flow rate for each formulation, an increase
in the proportion of o0il in water increased the size of droplets
and reduced the evaporation. The change in droplet size between the
10 and 30 cm smapling points was greater for the spray without oil.
The addition of oil up to 20% had a progressively greater effect on
evaporation but addition of 407 oil was not significantly better
than 207 in aﬁy of the water based oil formulatioms,

The overall analysis of variance for the differénce in the
size of either VMD and percentage volume reduction between any of

the three oils gave a significance value of F = P>,05 and P>.05

(T - test).

3.1.6 Effect of different concentration of oil on numbers

of droplets,

Further study of the change in droplet size due to evap-
oration compared the effect of different concentrations of oil
(15, 20 and 40%) in water with water plus 5% wetting agent sprays
to assess the number of droplets iﬁpacted on a surface. The oils

used were Ulvapron oil (normal and micronised) and 7E and 11N Sun
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oils, all applied through a No. 4 flow restrictor, as in Para. 3.1.3
and 3.1.4, at a temperature of 39°C and 35% RH.
The assessment of droplet reduction was by VMD, total volume

3 and cm®/cm?, percentage decreasefcm’ in volume and calculated

in ﬁm
percentage volume of VMD decrease by sampling heights. Detailed
calculations are given in Appendix II and Tables 15 and 16. Drop-
lets not only decreased in size but the number per unit area decreased
too both at 30 and 200 cm below the nozzle. However, the decrease
in the population of droplets per unit area was less (as in droplet
volumes) as the proportion of oil in water was gradually increased .
from 15 to 20 and 40%. The calculated volume decrease in VMD is
given in the left column (Fig. 18) and the actual percentage-droplet
decrease (at sampling height) multiplied by the volume calculated
from VMD is given on tﬁe right column of Fig. 18.

As in Para; 3;1;3 and 3.1.4, the highest volume reduction
occurred with water plus 57 wetting agent amounting to 387 at
10 cm and 827 at 200 cm below the nozzle and when the droplet number
per unit area was considered, the percentage volume decrease was
even higher reaching 47 and 947 respectively at the same sampling
heights., The least réductioﬁ in droplets both in percentage volume
and percentage X N droplets occurred with 40% Ulvapron oil reaching
7 and 197 for the former and 7 and 217 for the latter (Fig. 18).
The reduction in droplet number as well as volume may be attributed
to droplets affected by greater evaporation which may have become too
small to reach the sampling targets, failed to impact or were not
detected.

The mean percentage volume between the 30 and 200 cm below
the nozzle (for each of the three formulations) gave a significant

value of P>.05 (T - test). The overall analysis for the difference

<y
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18 Effects of different concentration of oil on the change
in volume of droplets and volume of spray sampled,
(volume of droplets X No. of droplets/cmz)
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in percentage volume for all the formulations gave a Pooled Standard
Deviation of 22.8 and P>.05 (F - ratio) or P>,05 (T - test). Sim-—
ilarly the analysis of variance of the percentage change volume in

2 gave a Pooled Standard

cm®/cm?® (volume X percentage of droplets/cm
Deviation of 26 and P>.05 (F - ratio) and P>.05 (T - test) between

any two groups of water based oil formulations.

3.1.7 Effect of variation of disc speed and flow rate on

droplet size.

Water plus 40% Ulvapron oil was sprayed by a 5.5 cm spinning disc
10 cm above a laser beam at flow rates of 17, 38 and 56 ml/min and
disc speeds of 9,500 and 11,500 rev/min., at a temperature of 17°¢
and a relative humidity of 80%; Each flow rate was followed by 10
repiicated spray tests and the computed mean results are shown in
" Table 5 and details in Appendix II Table 17. Fig. 8.

Wﬁen the disc speed remained constant at 9,500 rev/min.,
the increase in flow rate from 17 to 38 and 56 ml/min increased the
VMD from 59 to 70 and 79 ﬁm and the NMD from 50 to 54 and 60 pm
respectively., When the disc speed increased to 11,500 rev/min with
changes in flow rates as above, the VMD increased from 52 to 60
and 69 ym with a corresponding increase in NMD from 51 to 56 and 65 um
respectively.

Analysis of variance both for VMD and NMD of the two speeds
"indicate that the variations in droplet sizes are significant both

in F = ratio and t = Tests (Table 5 bottom).

3.1.8 Effect of spray pressure on droplet size

Deodourized kerosene S and water plus 207 Ulvapron oil were

(1) Supplied by : Shell Research Ltd., Sittingbourne Research

Centre, Kent.
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Table 5 Laser detected droplet distributions (VMD & NMD) in
relation to changes in flow rates and disc speeds of
water + 207 Ulvapron sprayed by 5.5 cm spinning disc.
(Temp. 18°C, 807 RH)

Flow Disc speed
No. rate r. m. VMD NMD Ratio
ml /min 8v 12V
1 17 9500 - 59 50 1.2
+5 +5
2 38 9500 - 70 54 1.3
' ' +6 +8
3 56 9500 - 79 60 1.3
+3 +7
4 17 - 11500 52 51 1.0
+4 +5
5 38 - 11500 60 56 1.1
+6 &
6 56 - 11500 69 65 1.1
+3 2
‘95000 vs 11500 r.p.m.
VMD = PSD = 9.29, = 9,29, P>,01, T = P>.05
NMD = PSD = 6.15, = 6.15, P>,01, T = P>.01
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sprayed through an MK II Exhaust Nozzle (Para. 2.1.3) in a laboratory
at 18°C and 687 RH by varying the spray pressure from 0.1 to 0.2 bar.
The droplets of both formulations were detected by a Malvern laser
droplet detection system (Para. 2.3.3).

The summary of the results are shown in Table 6 and details
in Appendix II Table 18.

At both 0.1 and 0.2 bar‘spray pressures a reduction in
droplet size was detected between samples taken at 10 and 150 cm
from the exhaust nozzle. The reduction in VMD for deodourized
kerosene was less (5%) at the higher pressure than with 0.1 bar,
With water plus 20% Ulvapron oil the VMD was reduced by 16 and 227
at the low and ﬁigﬁ spray pressures respectively. The greater re-
duction in VMD of water plus 20% Ulvapron oil compared with deo-
dourized kerosene under similar conditions was probably due to
greater evaporation of water in the formulation but the initial
droplet size was also 1ess;

Comparison of the ratio of VMD/NMD for both formulatioms
measured with the laser technique was much greater than with the
spinning disc (compare Appendix II Tables 17 and 18). |

Increasing the spray pressures of the Exhaust Nozzle Sprayer
decreased droplet size,,ﬁowever, the reduction was greater with

the deodourized kerosene formulation.

3.2 Studies on drift of droplets

The distance to which droplets are carried downwind is
dependent on the size of droplets, rates of evaporation and climatic
conditions prevailing at the time of application. In the studies
described below, droplets were sampled at different distances down-

wind to assess the effect of adding oil to formulations.
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Table 6 Laser detected droplet distribution sprayed by an MK II

exhaust nozzle sprayer.

Formu- | Operating Nozzle
lation | pressure |‘distance Percentage
kg/cm? from laser| vMD NMD Ratio | -decrease in yMD

Deodour- 0.1 50 111 10 11.1 100

ized

kerosene; 0.1 150 91 8 11.4 18
0.2 50 81 14 6.8 100
0.2 150 77 8 9.6 5

Water + 0.1 50 90 10 9.6 100

207 : o

Ulvapron| 0.1 150 76 10 7.6 16
0.2 50 73 7 10.4 100
0.2 150 57 9 6.3 22

Deodourized kerosene vs water plus 20% Ulvapron oil;

50cm = VMD = PSD* = 17,2, F = P>.01, t = P<,05

P<.05

150cm = VMD = PSD* = 11,8, F = P>.01, ¢t

(* Pooled Standard Deviation.)



91

3.2.1 Field sampling of droplets on Mg0O coated slides

" downwind

Three formulations namely, water plus 5% wetting agent,
water plus 207 Ulvapron oil and Ulvapron oil were sprayed under
field conditions with a) a hand held 5;5 cm spinning disc, b)
four 5:5 cm spinning discs and the c¢) multiple disc (15 discs)

.sprayers (2.1.2a - 2,1,2c).

The nozzle of the hand-held 5.5 cm spinning cup was main-—
tained at an approximately 90 cm, while that of 4-disc and multiple
disc sprayers were kept at nearly three times this height and for
each sprayer and spray formulation droplets were sampled at pro-

~gressive distances of 0;25 to 128 m downwind (Para. 2.4.4 and Plate 1;
and Fig, 12),

The Band ﬁeld spinning cup was operated at a disc speed of
10;000 rev]minl; under prevailing mean meteorological conditions
of 0.5-2.7 m/s wind speed, a temperature and relative_humidity of
20°C and 682; Tﬁe‘mean wind speed under which the 4-disc sprayer
was operated was slightly higher reaching 2.3~3.4 m/s and with a
temperature and relative humidity of 18°¢ and 57%. Although each
set of tests was conducted under a different set of prevailing field
conditions, an equal volume of 200 ml/disc was applied with both
sprayers.

The droplets emitted by all the sprayers were sampled by
MgO coated slides placed vertically. Droplets/cm?/ml of spray

were plotted in Fig. 19 and 20 and details tabulated in Appendix III
Tables 19-21.

Both with a hand held spinning disc and 4-disc sprayers,

relatively more droplets were sampled at each distance downwind on

the vertical MgO coated slides placed 35 cm above the ground. Fewer
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droplets were sampled at 70 cm above ground but the distance at

which droplets were sampled was similar. The recovery of droplets was
minimal at 150 cm sampling height downwind for the 4-disc sprayer

and very few or no droplets were recovered at this height for the
hand carried sprayer (Fig. 19).

The multiple disc sprayer was used to test the effect of high
and low flow rates on droplet distribution. For the former a mean
wind speed of 2 - 3.1 m/s, a temperature of 24.3°C and relative
humidity of 50.3% prevailed and for the latter a mean wind speed
of 2 - 3.4 m/s, a temperature of 21.3°C and a relative humidity of
59.37 existed. For the higher flow rate, an equal tank pressure of
5 - 6_kg]cm2 was maintained (Fié. 20) withéut employiﬁg a flow
meﬁer and an orifice with a valve gave flbw rates of 750 ml/min
(50 ml/disc) for water plus 5% wetting agent, 714 ml/min (48 ml/
disc) for water plus 20% Ulvapron and 500 ml/min (33.3 ml/disc)
for Ulvapron oil. For the lower flow rate a constant flow of 150
ml/min i.e. 10 ml/disc was maintained with the use of a flow meter.
Both for high and loﬁ flow rates, an equal amount of 3,75% ofﬁeach
of the three formulations was sprayed, With the ~|o»Jerflow rate
for the multiple disc, the maximum distance droplets of water plus
5% wetting agent recovered was 32 m from the nozzle and 16 m for
water plus 207 Ulvapron oil .and 8 m for Ulvapron oil alone. For the
h@k flow rates, however, droplets of water plus 5%Z wetting agent and
water plus 207 Ulvapron were recovered at a distance of only 16 m
from the nozzle (Fig. 20).

As with the hand held and 4-disc sprayers, most droplets
were recovered on MgO coated slides positioned at 35 cm above ground
followed by 70 cm and lastly 150 cm when the multiple disc sprayer

was used. Even with variable operational field conditions, droplets
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of water plus 57 wetting agent were found to have been carried

away to a maximum distance of 64 m from the mnozzle with both the
4-disc and the multiple disc sprayers but not with the hand held
sprayer held near the ground. Traces of water plus 20% Ulvapron
0il droplets were found at 32 m and 64 m downwind at 70 cm above
ground with the 4-disc and 150 and 70 cm sampling heights with the
multiple disc employing low flow rates. With the 4-disc sprayer a
trace quantity of Ulvapron oilldroplets was recovered at 32 m down—
wind from nozzle at all three sampling heights of 150 cm. This
instance of a maximum distance at which Ulvapron oil droplets were
found may be attributed to the higher mean wind speed (3 - 3.6 m/s)
which prevailed at the time of Ulvapron spraying.

Under field conditions, although extremely difficult, droplet
sizing by MgO coated slides was possible (Para. 2.3.2.), the main
problem with these studies was that the number of droplets sampled
was a function of tﬁe’sampling surface. Larger droplets were found
to have deposited in areas further away from the spray nozzle which
'may be attributed to the behaviour of air current and wind movement
(Appendix III Tables 20 and 21). {

An overall three—way‘analysis of variance (Appendix IIX
Table 22) has given significance levels of .05>P>.025 between form—
ulations, not significant for sprayers, and P<.001, very significant for
vertical heights at which droplets were collected @ownwind from the

various spray nozzles,

3.2.2 Comparison of droplet drift of two formulations

An equal amount of 400 ml/disc of two formulations i.e. of
water plus 5% wetting agent plus 47 Fire Orange and Ulvapron oil plus

107 Saturn Yellow were released simultaneously exactly under the
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same climatic conditions by spraying each formulation through two
discs positioned diagonally. Droplets were sampled on Mg0 caned
slides attached on stakes at 3 heights downwind as discussed in Para.
3.2.1. Detailed results of droplet recovery are given in Appendix
I1T Table 23,

Droplets of water were recovered at a distance of 64m while
that of Ulvapron was found at a distance of 32m from the spray nozzle.
Drbplets containing water partially evaporated so were liable to
drift to a greater distance from the point of emission. Most of
the droplets from either formulation were sampled mostly within 8m
of the nozzle, Examination of spray area using ultra-violet-light
revealed the water droplets to havé impinged on grasses, 1eaves>and
stems of the surrounding hedges beyond the confines of the sampling
-area at higher elevations than the oil droplets which remained
mainly closer to tﬁe spray nozzle and close to the ground level
(Fig. 21).

A three-way analysis of variance (Appendix III Table 24)
has a level of significance i;e. not significant (ns) for formulations
and P<,05 i.e; significant for distance droplets recovered and P<,001

or very significant for the different vertical heights at which.droplets

were collected downwind from the nozzle,

3.2.3 Droplet deposition on leaves downwind

A total of 750 ml of each of water plus 5% wetting agent
including 4% Fire Orange and different concentrations of Ulvapron
oil (5, 10, 15, 20 and 407%) and Ulvapron o0il each with 10% Saturn
Yellow were sprayed by a multiple disc sprayer i.e. 15 discs (Fig. 2a -
d and Plate 1) at a constant flow rate of 150 ml/min i.e. 10 ml/disc
and at a speed of 8500 rev/min., a low temperature and high relative

humidity (19°C + 2, 60%) and a mean wind speed of 3 - 4 m/s. Branches



Fig. 21

97

Droplets sampled on vertical targets at different

heights downwind of two formulations released

simultaneously by a 5.5 cm’ 4-disc sprayer.
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of Rhododendron Lochae Muell each 1 m high with adequate leaves were

erected with a support of stakes at progressive distances similar

to that used for MgO coated slides described in Para. 3.2.1 from

the spray nozzle. Droplet coverage both on front and back of leaves
was estimated by using a uv-lamp and standards explained by Patterson,
(1963) and Pereira; (1967) (Para. 2.2.3.).

Results were plotted (Fig. 22) and details are shown in
Appendix III Table 25;

Droplets of water plus 57 wetting agent and water plus 57
Ulvapron o0il sprays were carried away to a maximum distance of 128 m
from the spray nozzle; As the amount of oil in water was gradually
increased; the distance droplets were carried away from the spray
nozzle decreased in similar manner as discussed in Para. 3.2.1 and
3.2:2. For exampie the nearest distance Ulvapron oil dropléts
were carried away wag 0;25 m and the furthest was 16 m downwind
from the spray nozzle; A water plus 207 Ulvapron formulation
~ gave a droplet trace coverage at a distance of 64 m from the nozzle
but droplets of 107 and 157 Ulvapron oil in water were sampled at a
maximum distance of 32 m; This may be attributed to the higher mean
wind speed that existed at time of épraying.

The distances at which droplets were recovered on the back
of Rhododendron leaves (shaded area in Fig. 22) were between 4 and
32 m with the coverage being evident at 1 m for Ulvapron oil and 2 m
for water plus 207 Ulvapron o0il downwind from the nozzle.

The Pooled Standard Deviation for the overall droplet coverage
is 1.71 with analysis of variance for the difference in coverage be-

tween front and back of leaves being significant at P<,001 (T - test).

3.2.4 Effect on droplet drift of spray formulations released

"by Mk Il exhaust Nozzle sprayer

Further studies of drift of droplets was carried out using



Fig. 22 Estimates of spray droplet deposition on (Rhododendron lochae Muell.)

DROPLET

leaves.

(Sprayed with multiple-disc sprayer at a constant flow rate of 150
ml/min, mean temperature, 19% 1.6°C, RH-60 * 1.17% and mean wind speed,

3 -4 m/s).
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two spray formulations namely, deodourized kerosene and water
plus 207 Ulvapron oil applied with an MK IT Exhaust Nozzle Sprayer.
Each formulation was carried separately in its twin tanks.

Under similar field conditions with a low temperature and
a high relative humidity (150C, 887), mean wind speed of 3 - 5 m/s,
and a spray pressure of 0.2 bar; the above two formulations were
sprayed one after the other i;e; the second was sprayed after drop-
lets were recovered for the first formulation. Under the prevailing
mean wind speed no droplets were recovered in the first six meters
from the nozzle so the progressive distances adopted for the single
and the multiple dise sprayers discussed in Para. 3.2.,1 - 3.2,3 were
altered by adding a\distance of six meters to each of the consecutive
distances from the nozzle (Para. 2;4.4).

Tﬁe épray operation for each formulation was repeated six
times and tﬁe-mean droplets recovered/cm? up to a maximum distance
of 134 m from tﬁe nozzle are shown in Table 7. All the sprays were
sampled at tﬁree positions on vertically placed MgO coated slides.
As withi the 5;5 cm 4-disec and the multiple disc sprayers discussed
in Para; 3;2:1 - 3l2;3, most of the droplets of deodourized kefosene
and water plus 207 Ulvapron released b& the Exhaust Nozzle Sprayer
were recovered at the 35 cm sampling height at each consecutive dis-
tance downwind. A few droplets/cm2 were recovered at every sampling
height of 150 cm downwind up to 70 m from the nozzle, the droplet
recovery was minimal'as compared both with the 35 and 70 cm sampling
heights. No droplets of deodourized kerosene were recovered at a
target beyond the 70 m distance from the nozzle. But traces of
droplets of water plus 207 Ulvaprom o0il were found at the maximum
distance of 134 m downwind at sampling heights of only 35 and 70 cm.

The maximum distance at which droplets contalning water
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were recovered was 134 m but this may be attributed to evaporation
reducing the size of the smaller droplets so that they were not
sampled and were thus liable to drift beyond the furthest samplers.
The height at which droplets were thrown up above the nozzle of

the Exhaust Nozzle Sprayer should have also contributed to the
distance to which droplets were carried away under the prevailing
wind speed:

This instance of drift of droplet with a water containing
formulation, agrees with the droplet recovery of a similar form—
ulation discussed in Para. 3.2.1 - 3,2.3 in cgnnection with sampling
droplets on MgO coated slides and droplet deposition on leaves down-—

wind,

3.2:5 Effect on droplet ‘drift of decdourized kerosene

released in still air under sheltered condition.

A study on droplet drift was conducted by spraying deo-
dourized kerosene alone in stili air under sheltered condi?ion i.e. in
a tree surrounded area and by sampling droplets on MgO coated
slides positioned vertically on stakes and horizontally positioned
on the ground spaced out one meter apart downwind up to a maximum of
25 m from the nozzle. Conditions of low temperature and high relative
humidity (170C, 892} a mean wind speed of O - 0.1 m/s existed when
spraying at a pressure of 0.2 bar for five minutes.

Although sampling surfaces were positioned up to 25 m down-
wind, droplets were not recovered beyond the 9 m mark from the nozzle,
Horizontally positioned MgO coated slides collected more droplets/cm?
than the vertical slides. A mean of 633+ 216/ cm? sampled on the horizgn—
tal and 149+ 68/cm?® on the vertical slides (Table 8 and columm 11).

The analysis of variance for the difference in droplet recovery



Table 8,

by MK II Exhaust Nozzle Sprayer in still air under sheltered condition.

3

4

5

6

Comparison of vertical and horizontal depositions of deodourized kerosene sprayed

7 9 10 11 12
Distance (m) from spray nozzle and droplets/cm?
Percentagq
Droplet Mean Hroplet /cm?
Sampling 1 2 3 4 5 6 7 8 9 3p (Percentag
position hroplet ind
Pl
Vertical 232 220 . 200 185 150 130 115 75 30 149 100
Mgo coat. 1, 44 + 21 +16 | +19 |+11 | +22 |+ 27 +12 + 8 + 68
slides - - - - - - -~ - - -
Horizontal 890 800 775 740 700 615 570 410 200 633 425
Mgo coated |, , + 15 +31 | +36 | +36 |+ 9 | +13 +28 | + 26 + 216 (325)
slides - - - - - - - - - -

(ﬂrrﬂure r (92 bar-)
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for vertical and horizontal surfaces downwind from the nozzle gave
a Pooled Standard Deviation of 160 with an F - ratio of 41.42

(P<.01) and a significance value of P<.001 (T - test).

3.2,.6 'Vertical projection of spray from an MK II

" 'Exhaust Nozzle Sprayer.

A five minute rum of sprays of each of deodourized kerosene
and water plus 207 Ulvapron were conducted alternatively both in-
still air under sheltered condition and in open area. Droplets
sampled 1 m below the nozzle on MgO coated slides with coated faces
upward and with 11 similar slides arranged on a rope above the nozzle
with coated faces down. All slides were spaced- out a meter apart
on a rope suspended on a meteorlogical tower.

A spray pressure of 0.38 bar was maintained during each
spray operation comparéd with 0.2 bar used for horizontal drift tests
discussed earlier so as to increase the force of droplet propulsiom
upward from the nozzle.

For detajls of the variable meteorological conditions,'pther
factors and results see Table 9.

In tree sheltered and relatively still air conditions with
a mean wind speed of 0 - 0.1 m/s droplets of deodourized kerosene
were recovered up to 4 m above the nozzle but the numbers recovered
per cm? at each comsecutive distance higher from the nozzle declined.
Under nearly similar conditions with a mean wind speed of O - 0.15 m/s
droplets of water plus 207 Ulvapron were recovered up to only 3 m above
the nozzle. In both cases the droplets/cm?® recovered 1 m below the
nozzle on horizontally laid MgO coated slides were much higher per
unit area than MgO slides positioned above the nozzle. However, the

droplets of water plus 207 Ulvapron sampled at 1 m below was less by



Table 9.

Exhaust Nozzle Sprawyer.

Samples of droplets at different heights under open and sheltered conditions when using MK IT

1 2 3 4 5 6 7 8- 9 10 11 12 13
Vertical (M) distance from spray
2 Percentage
.. nozzle & droplets/cm Mean
TemperaturdCondition Spray- Formula- |Sprayer droplets
No. % & RH.Z Wind speeds| press. tion 1* 1 2 3 4 D P
M/s Bar FU | FD FD | FD FD ‘z;iéicgiisx
1 18OC, Sheltered 0.38 Deodouri- { MK II 900 320 280 100 15 179 100
907% _ zed Exhaust | . . ) ' '
0 0.1 kerosene | Nozzle iﬁo 3?2 i}O i?O * 5 i;45
Sprayer
2 17°c  [Sheltered " H,0 + " 656 | 287 |.200 | 50 - 134 75
89% 0 - 0.15 20% Ulva- + 27 1+ 19 |+ 16 |+ 10 +133 (25)
pron
3 16°¢C Dpen area " Deodouri- " - 160 75 - - 59 33
897 zed
0.2 3 Kerosene +35 | +7 +76 (67)
4 16°¢ Dpen area " H%O + " - 136 55 - - 48 27
897 0.2 - 3.5 207% Ulva- + 17 | +11 +64 (73)
pron - - -

Time of spray run = 5 minuteg, FU = Face up,

FD

Face down, * 1M = below nozzle

¥ Aeerease
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277% than for the droplets of deodourized kerosene sampled at the

same position. Under conditions with a mean wind speed of 0.2 = 3 m/s

for degdourized kerosene and 0.2 - 3.5 m/s, for water plus 207%
Ulvapron no droplets of either were recovered on slides positioned

1 m below the nozzle or on MgO coated slides above two meters above

the nozzle,

When the mean droplets/cm? of those recovered above the
nozzle were considered, those recovered for deodourized kerosene
was higher per unit area than any of the mean spray droplets re-
covered under either sheltered or open conditions, Taking the de-
odourized kerosene droplet recovery in still air as 1007, the mean
for water plus .20% Ulvapron under the same conditions was 257 less
and the mean for deodourized kerosene under open conditions was 67%
less. The reduction of that of water plus 20% Ulﬁapron under open
condition was higher at 737 (Table 9 and column 13);

An overall analysis for droplet recovery above the nozzle
under sheltered and open area and for the fwo formulations gave
a Pooled Standard Deviation of 110 with an F ratio of 1.29 (P>;05).

The comparison between any two spray droplet recovery was T = P>,05,

3.3 Toxicity tests of -insecticides on locusts (Schistocerca

‘:gregaria -F.)

3.3.1 Relative toxicity of three organophosphorus insecticides

The three organophosphorous insecticides namely, propetamphos,
etrimfos and fenitrothion were tested on both adult (15 days after
fledging) and 5th~instar hoppers. The former two insecticides were
used as a 27 w/v technical grade and as a 5% w/v E.C. emulsifiable
concentrate and the latter as technical grade with concentration -

levels of 2 and 5% of w/ each,.
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A total of 12 sets of tests six for adult and six for 5Sth-instar
with means of 60 and 100 locusts per set respectively were carried out
repeating each set five times. The mean of each set was analysed
by a single and parallel probit computing programmes from the ULCC
via ICCC computing facilities. The details of the analysis of each
test both for LD50 and 1D99 together with the 957 confidence intervals
are given in Appendix Y Table 26.

The three graphs of Figs. 23, 24 and 25 show the relative
levels of toxicities of the two concentrations of each of propetamphos,
fenitrothion and etrimfos insecticides. Although the mammalian tox-

icities (rats) of the active ingredient of each being:

“"Ac¢ute LD50 on rat . “'Oral Dermal
propetamphos 75 mg/kg 2300 mg/kg
fenitrothion 250 - 500 ) >3000 (mice)
etrimfos cf 1800 | >2000
etrimfos intra-peritoneal 710

comparison of the trends of toxicities of each in Figs. 24 and 25
indicate that propetamphos and fenitrothion were effective and

have similarities in their efficiency against the control of adult
locusts, however, both were slightly less effective to Sth-instar
hoppers. But etrimfos was relatively less toxic both to adult and

5th-instar hoppers compared to the above two insecticides.

3.3.2 Control of locusts with calculated field doses

Initially a spray of Shellsol-AB was carried out with a
multiple disc sprayer under field conditions at a disc speed of
8,500 rev/min, a flow rate of 150 ml/min i.e. 10 ml/min/disc with
a temperature and relative humidity (190C, 68%) and wind speed of 3 - 5

m/s. The droplets recovered on MgO coated slides downwind for each
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progressive distance (i.e. 0.25, 0.50, 1, 2, 4, 8, 16, 32, and 64 m)
from the spray nozzle was converted into ml/m?> (i.e. 0.29, 0.58, 0.66,
0.80, 1.1, 0.34, 0.24, 0.01 and 0.0016 respectively). These quantities
in ml/m? were further expressed in 1-1.g/cm2 (i.e. 30, 60, 69, 83, 114,
35, 24, 1.04 and 0.17 for each of the above distance from the spray
nozzle) through a series of calculations involving VMD and droplets/cm2
as shown in Appendix IV, Table 27.

The calculated field doses were prepared in 27 w/v a.i. and
5% w/v (E.C.) emulsifiable concentrates and were sprayed on both adult and
grass fed to hoppers with a 5.5 cm spinning disc (Para. 2.7.).

As in Para. 3.3.1, the épray was repeated four times for each
level of insecticide concentration. The relative efficiency of egch
insecticide against the control of locusts is presented in graphs
as shown Figs. 26 and 27 for adult locust and 5th~instar hoppers
respectively. |

The numbers within each graph indicate relative léngth of
time in hours taken by the corresponding number of locusts (Y - axis)
before being killed with a given calculated field dosé of insecticide
stay at each respective distance from the spray nozzle. For example,
referring to Fig. 26, at a distance of 0.25 m from the nozzle, 30 ug/cm?
of (4) pr0pefamphos spray took 3 hours to kill a meén of 7 adult loc- |
usts whereas at a similar distance an equivalentvamount of fB) fen-
itrothion spray took 5 hours to kill a similar mean of 7 locusts.,

But at such a distance an equivalent amount of etrimfos took 20 hours
to kill only a mean of 2 out of a randomised group of 10 locusts.
Referring to the control of S5th-instar hoppers in Fig. 27 and comparing
the results with the plotted length of times i.e. within Fig. 26 the
time taken before each dose-group of hoppers were killed by each in-
secticide was greater i.e. more time (hours) have been taken up or

required by each group of randomised hoppers before they were killed.
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For example at a distance of 0.25 m a 30 pg/cm® of (A) pro-
petamphos took 3 hours to kill a mean of 2 hoppers as against
a mean of 7 adult locusts for an equivalent amount of spray and
distance from the spray nozzle and (B) fenitrothion required 5
hours to kill a mean of 3 hoppers as against a mean of 7 adults.
But etrimfos took 20 hours to kill a mean of 2 hoppers similarly
as against a mean of 2 adults at a similar distance and with an
equivalent amount of spray. Further examination of graphs show
the efficiency of either an increased or decreased dose of each in-
secticide compared with that mentioned above at each distance from
the spray nozzle.

In conclusion, as the amount of insecticide spray was in-
éreased e.g, from ‘3011g]cm2 at 0.25 m to 114 ug/cm2 downwind to a
distance of 4m from the spray nozzle, the numbers of locusts killed
increased and the,length of time taken by each dose group of locusts
before death decreased.

Inspection of each graph at any level both in Figs. 26 and 27
show that propetamphoé insgcticide gave relatively better control of
locusts i.e., either adult or 5Sth-instar at each given field spray
dose followed by fenitrothion and lastly by etrimfos.

Comparing the figures in Appendix IV Tables 28 A and B, i.e.
the calculated field dose at each progressive distance downwind from
the spray nozzle with the LD50 of each insecticide obtained under
laboratory conditions, the LD50 of that of field application exceeded
in almost every instance particularly for distances up to 16 m downwind.
In practice locusts move across a treated swath hence the need for an

insecticide which is accumulated by the locusts.

3.3.3 Study of spectroscopy on locusts

Calculated field doses for each of the consecutive distance
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downwind from the spray mozzle (Para. 3.3.2 and Appendix IV Table 28A)
was sprayed on two sets of each.of six locusts i.e., 3 males and 3
females one set rotating and the second at a stétionary position as
discussed in Para. 2.7.

The absorbance for each of the spray dilutions washed off
from each group of locusts was determined and the results plotted
in Fig. 28 on the basis of the calibration curve in Fig. 15 dis-
cussed earlier,

Details of the results of the spectroscopy involving ab-
sorbance, percent concentration and percentage of sprays collected
by each group or set of flying and non~-flying are givem in Appendix
IV Table 29A~E and for the relevant figures see Table 10,

The mean percentages of spray solutions collected by each
group of experimental locusts were analysed and compared (Appendix IV
Table 30) by Friedman's (Sidney Siegel, 1956) two way analysis.
The difference in droplet collection efficiency between all locusts
flying and non—flying was very significant at P<.00l. Also comparisoms
within each group i.e. males in flight with males statiomary and
females in flight with females stationary were both significant at

P<,01.

3.4 Control of powdery mildew of wheat

(Erysiphe graminis f, sp. tritici Marchal).

3.4.1 Laboratory experiment

Six months after sowing, the plants were harvested, hand
threshed, dried to about 137 moisture content and weighed. All
randomised data was analysed by a Bimodal (BMDO7V) Multiple range

tests (Kramer, 1957 and Duncan, 1975) and a one way Minitab analysis
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Table 10 Summary of $pray deposit$ on male and female locusts

(Schistocerca gregaria F.) while in flight and at

rest.
QUANTITY LOCUSTS 1IN FLIGUT LOCUSTS AT REST {(SUSPENDED)
SPRAYED FN Fx
DISTANCE { WEIGHT| PERCENT| ABSOR-| PERCENT |WEIGHT| PERCENT|ABSOR- PERCENT
x:!./m2 (o) FROM IN CONHCEN=-| BANCE OF SPRAY IN CONCEX:~ | BANCE OF SPRAY)
SPRAY GRAMS| TRATION SOLUTION| GRAMS | TRATION SOLUTION
NOZZLE . COLLECT~ . COLLECTT
* * ED. . * ® ED.
.29 .25 2.35 | 3-04 .21 .10 2.36| 3:04 | .14 .10
.29 .25 3.6 | 5:00) | .36) | 11y | G.e2)] oo [(.29) | (.17
.58 .50 2.55 | 8704 | .48 J14 2.59 | 5704 | .17 .09
.58 .50 .9} =03 |63 | (1 | (.9 (o0 {5 | . .14
.66 1 2.32 | 8-o4 .53 .12 2.27| 5706 | .25- .08
.66 1 .81) | (1-03) | .63 | (.15 | (3.82)] (8-08) [(.5) (.12)
1 .
i .8 2 2.55 | 1-03 .63 .13 2.51| 6-04 | .11 .075
.8 2 (3.79) | (z70%) [ .3 | (25 | a8y a.s-30ees) | 19
1.1 4 2.46 | 1:03 .63 .09 2.61 | 9-06 | .11 .087
1.1 4 3.8 | (2:03) | Q.20 | .18 | (3.7e)) s ices) | ¢1a)
.34 8 2.35 | 404 |..25 .12 2,47 | 3:04 | .19 .088
.34 8
(3.64) | (6706) [ (.38 | 18) | 3.1 sroe) |3 | sy
.24 16 2.71 | 4ro4 .23 .17 2.46 | ~3004 | 17 .13
.24 16 ‘
(3.9) [ (s5:00) [ (.3 | 200 | (3.88)] (4r04) |C.25) | (.17)

Figures in parethesis refer to female locusts.
* waxoline red dye

*%* percentage of spray soluton collected.
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Fig. 28 Comparisons of the relative percentages of waxoline red
dye spray solutions collected by male and female locusts
(8. gregaria F.) in flight and at rest under laboratory

conditions.
(Ref. Para. 2.7 and Table 10)
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of variance. Overall means for all the replications were pooled

and the 957 confidence limits calculated. The overall means for four
treatments obtained (Table 11) show differences in yield (P<.0l,

F = test). The difference in yield between controlled droplet app-
lication and high volume sprays was significant (P<.05, T = test).

No mildew infection occurred when seed was treated.

Table 11. Yields and damage assessment on wheat

No. Treatment Mean Mildew Mean Yield S.D.+
Percentages MZ g/pot
1 DS , 0 *3,79 .334
2 ChA . .10.5 ' 3.48 .173
3 Hv i 10.3 . 3.36 .138
4 CON 35 2.86 .151
PQOLED.S:ANDARD DEVIATION 217

ha(10%m?) X Yield/pot in grams

Yield kg/ha =
.011m? (pot area)

103 * 3,79 g/pot = 3445.5 kg/ha
Details are in Appendix V i.e, 1 g/pot = 90.9 kg/ha
Tables 31 - 35 including analysis
Fig. 11 and Tables 36, 37 and 38.
Measurement of stem height, ear length and number of seeds per
ear all confirmed that seed treatment provided an insurance against
mildew attack (Jenkins, 1973). The retardation of growth and dev-
elopment of the various parts of plants observed (Appendix V, Tables
32 - 35) should be attributed to reductions of net assimilation rate

caused by mildew infection (Rea and Cott, 1973).
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3.4.2 Field experiment

Yields of field plots were also dried to about 13% moisture

content and

weighed.

Results were then analysed by a Minitab one-

way Anova and the 957 confidence intervals (C.I.) for treatment

determined.

Despite different sowing dates, spraying of triadimefon

fungicide increased yields by 7%, 147 and 217 for the early, mid

and late sowing dates respectively,

Although considerable im-—

provements in yield were made by spraying, the overall yield from

the second and third sowings was markedly lower than that from the

first sowing.

The second sowing yielded 7% less and the third 14%

less but the yield differences between any sprayed and unsprayed

plots were highly significant at 0.01% probability level (F = test,
Table 12).
Table 12, Yield variation and mean mildew percentages
with different sowing dates.
Sowing Mean Mildew | Sprayed Unsprayed Difference
Condition | Percentages | Mean g/plot | Mean g/plot | Mean g/plot
MZ
(A) Early 5.4 % 096.6 89.6 7.0
+1.0 +1.7 +1.0
(B) Med- 10.0 91.9 79.3 12.5
ium
+2.07 +5.42 3.6
(C) Late 15.2 87.0 68.3 18.7
+1.0 +2.8 +2.0

Yield kg/ha

ha(10*m?) X Yield/sample plot in g.

= 0.25m?

(Area of sample plot)

103

-+

%96.6 g/plot=3864 kg/ha
i.e. 1lg/plot=40 kg/ha.

= 957 Confidence Intervals



120

3.5 Discussion and conclusion

3.5.1 Droplet sampling surfaces

Artificial targets have been used extensively to sample
spray droplets as they provide a more uniform surface for droplet
collection but they cannot duplicate in any significant way the
size and surface characteristics, geometry or the biological
characteriestics of the target whether it is an insect, plant or
other surface (Himel, 1969b and Himel and Moore, 1969). With adequate
care and handling, magnesium oxide coated slides were found to be
useful both under laboratory and field conditions for sampling
and determining droplet sizes as opposed to other methods such
as Kromekote papers or cards (Higgins, 1967). Sampling papers are
variable in their spread factor particularly with respect to droplet
sizes and spray formulations (Hurting et al, 1956).

Most of the droplet assessments reported here were made
with magnesium oxide coa;ed slides which not only provided a uni-
form surface but also one spread factor would be used for the
different spray liquids over a range of droplet sizes. With the
MgO method a factor of 0.86 times the diameter of the crater (May, 1950)
was used for all size droplet calculations above 20 um size or 0.8
and 0,7 for droplets between 15 - 20 and 10 - 15 um respectively
(Matthews, 1975) irrespective of types of spray liquids used. This
was important when both water and oils were applied in sprays and
the variation in surface temsion and viscosity would influence the
spread factor on other surfaces such as Kromekote cards. Thus the
use of MgO coated slides provided a satisfactory means of sizing the
droplets sampled.

Unfortunately the size, shape and position of standard

slides significantly affect the proportion of droplets collected
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in any given size range.

In the laboratory slides were placed horizontally so
collection of droplets was by sedimentation. Sufficient time was
provided to allow even the smallest droplets to sediment on tﬁe
slides when sampling was within an enclosed controlled temperature
" environment. In the experiment measuring the change in size of
droplets during transfer from a nczzle to the target, the samples
were taken in the absence of air movement other than convective
currents so were sufficiently representative to indicate the effect
of 0il on droplet size. The alternative system to using slides in
the laboratory was the light diffraction system using a laser
(Swithenbank et al.,, 1977). Although this method provided measure-
ment of large populations of droplets clos; to the noézlg, the
technique is not suitable when there are few droplets. It was
possible to measure saméles of droplets with a sufficient degree
of accuracy from 10 - 30 cm away from the nozzle, The results from
these two methods of sampling were compatible as indicated by the droplet size
ifor water plus wetting agent at 10 cm from the disc operated at diff-
erent speeds. (Fig. 29).

The main .disadvantage in using MgO coated slides was when
sampling in the field, Apart from the problems of avoiding handling
the coated surface, droplet velocity affected the collection of
droplets. Undoubtedly the smallest droplets were not sampled suff-
iciently as they were carried by air movement around the slides. Im-
proved recovery was obtained by rotating the slides (Thornhill, 1979a)
compared with stationary and horizontal slides but the air movement
created by the rotating slides provides a different environment to

that on vegetation and other surfaces. Droplet populations estimated
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Fig. 29 Comparison of droplet sizes determined on MgO coated
slides and a laser droplet diffraction system when
sampling at 10 cm below a 5.5 cm spinning disc at
different speeds.

(Ref. Appendix II, Tables 13 (A) & (B); Table 14,
No. 1 and Table 17, No. 1 and 4).
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from rotating slides are therefore, unrepresentative compared with
their depositions on leaves,

Studies of the use of Rotorods (Asai, 1960; Barksdale, 1967;
Edmonds, 1972; Lee, 1974; Matthews, 1975 and Johnstone et’'al., 1977)
and Cascade impactors (May, £945) have received some attention, but
theilr practical use for droplet sampling under our field conditions
was not comparable with the MgO coated slide method discussed above.

The use of a matrix (WHO, 1971) for sampling aqueous droplets
>250 pym was limited to laboratory conditions. Sampled droplets should
be covered immediately with a layer of 1 — 2 mm thin oil (e.g. risella
01l) so as to prevent evaporation of droplets. Owing to difficulties
in handling and the possibility_of a reduction in droplet size before
the layer of oil could cover the droplets only a few samples could
bg taken during any sampling trials,

The employment of a uv-tracer method (Sharp, 1955; 1973; 1974;
Liljedhal et al., 1959; Staniland, 1951, 1960 and 1969; Courshee and
Ireson, 1961: Patterson, 1963; Pereira, 1967 and Himel, 1965 and 1969b)
with the aid of a uv-lamp makes it possible to make a subjective assess-
ment of both the intensity and extent of droplet coverage either on
natural or artificial targets within or beyond the confines of spray
areas. This method provides accurate assessment of spray distribution
in the field by visual estimates in relation to the type of spray

formulations and spray machines employed.

3.5.2 Reduction in spray droplet size

Sayer (1964) reported that aqueous droplets <120 pym applied
on cotton in Ethiopia lost 80 - 90% of their volume. Droplets of
water emulsions decrease many fold in size between formation and

impaction (Himel, 1969a). Johnstone (1971) noted that aqueous sprays
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of 200 ym VD were reduced to 100 pm 1i.e. SOZ less under severe
tropical conditions of 32°C and 46% RH,

The initial experiments in contrasting temperature and
relative humidity conditions confirmed the considerable decrease
in the size of water dropiets falling over a distance of only 10,
30 and 200 cm and the addition of oil could significantly decrease
the effect of evaporation, especially under drier conditions. The
effect of adding oil to the spray not only affected droplet size by
influencing evaporation but also by the viscosity changing flow
rate, For most farmers with a fixed orifice controlling the flow
rate on their sprayer, the addition of oil decreased flow rate and
consequently smaller droplets were produced. In contrast where flow
rate was constant, the increase in viscosity resulted in larger
droplets for a given disc speed. These interacting factors are
important in machinery design to insure that the operator can easily
adjust the flow rate or disc speed to compensate for variation in
droplet size due to the formulation. The amount of o0il in water
based sprays determines the rate and extent of evaporation. Each
additional amount of o0il in water relatively decreases the effect of eva-
poration on the reduction in droplet size until the total amount of
0il reaches 207 but further increase in the o0il content of a spray
has significantly less effect. The different oils used in this
study have similar characteristics in their tendency to decrease the
change in droplet size. Assuming that each droplet of water (in a
water based formulation) was enveloped with a thin film of o0il, the
0il might limit the rate of evaporation. Droplets still decrease in
size as the volatile fraction is lost so the effect of oil 1s primarily
to ensure that after evaporation, there remains a liquid droplet and

not a dry particle.
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Changes in disc speed and flow rates alter droplet sizes
whenever rotary nozzles are employed (Bals, 1970b; Johnstone, and
Johnstone, 1976 and Matthews, 1979)., Similarly changes in spray
pressure such as with the Exhaust Nozzle Sprayer have comparable trends
affecting droplet sizes. An increase of spray pressure of the
exhaust nozzle by 100% e.g. from 0.1 to 0.2 bar- not only reduced
the droplet size but also projected the droplets much higher above
the nozzle tip so these effects result in a spray more liable to
drift, The ratio of VMD/NMD of spray droplets emitted with an MK
ITI Exhaust Nozzle Sprayer is much greater than droplets released with

any of the spinning disc nozzles tested.

3.5.3 Droplet drift

Downwind movement of droplets from a nozzle is related to
their size and meteorological conditions (Johnstone 1974 and 1978).
In general the smaller aerosol droplets remain airborne longer and
are those subject to drift outside the area being treated. The pro-
portion that remains airborne is affected by release height and in
- particular the amount of air turbulence in relation to vegetation of
the underlying surface (Lawson and UK, 1978). As most sprays
contain a wide variation in droplet size, only a small proportion
of the spray is usually effective so Johnstone (1978) has emphasized
the importance of applying droplets of similar size to allow greater
control of their deposition.

In a study of the effects of wind turbulenée and crop character-—
istics on the dispersal of aerial sprays, Lawson and UK, (1978) confirmed
that a wheat crop was about 707 more efficient in removing 50 pm

droplets than was a ploughed fallow field. In an open area of a grass field
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with foliage 15 - 20 cm high, droplets of water drifted further
downwind than droplets containing oil. As water droplets are liable
to evaporation, the distance of their movement downwind after leaving
the nozzle increases as their volume decreases., Most of the smaller
droplets progressively get smaller and lighter in weight and con-
sequently the fall velocity decreases and drifting downwind such
droplets usually fail to deposit in the desired area and get carried
above their intended targets.

The amount of drift is not only affected by the size of drop-
lets produced but also their subsequent changes in size due to physical
proper;ies (Haile,.1971). Because of the magnitude of evaporation in
drier climates, aqueous sprays are not particularly suitable so less
volatile formulations are needed in conjunction with greater control of
droplet size. The mechanism of controlling droplet size has been
rea}ized with the use of rotary nozzles. On the basis of the
early work conducted with spinning discs (Walton and Prewett, 1949;
Hinze and Milborm,'1950 and Bals, 1969), the use of rotary nozzles
in the use of contro;led droplets has received momentum and 1ts im—
plications in the field of spray applications is becoming significantly
‘ c}ear (Lake et al., 1976; Matthews, 1977;, 1977b ;pd 1979; Lake et al.,
1978 and Frost, 1978). Although the Exhaust Nozzle Sprayer (Sayer,
1959; Rainey, 1958 and Watts et ‘al., 1976) is still widely used in desert areas
for vegetation baitiﬁg against locust hoppers (with a swath width of up
to 100 m with 3 - 4 m/s), it does not control the size of droplets as
achieved with a rotary nozzle.

Droplets emitted from an Exhaust Nozzle Sprayer did drift
further than those from a spinning disc nozzle because of the wider

spectrum of sizes as well as their projection to a greater height above
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the nozzle. The upward projection of droplets particularly of water
based formulations increases the effect of evaporation by increasing
the distance of travel and decreasing the fall of velocity. As in-
dicated earlier the distance to which such droplets drift is depend-
ent on the surrounding vegetation i.e. open or sheltered conditions
affecting drift.

Fluorescent studies of the spray applications on leaf targets
confirmed that droplets of a formulatioﬁ containing oil were not
carried so far downwind as droplets of water without oil. Most
droplets collected close by the nozzle were larger owing to the effect
of the oil in reducing the effect of evaporation. Although the grass
in the field used in this study did not provide such a good filtering
surface as in a wheat field, more droplets were collected on leaves
at ground level and closer to the ground than when no oil was added
to the spray.

The collection efficiency of a target in a field is indicated
by the ratio of the number of droplets impacting on its surface to
the number deflected around the target and varies with air stream
velocity and the size of the target and droplets (May and Clifford,
1967.).

Analysis of the volume of spray . of droplets recovered on vert-
ical slides in the field (at three sampling heights namely, 35, 70 and
150 cm) showed .that as a proportion of spray emitted, the addition of
0il resulted in more spray being deposited close to the spray nozzle.
Assuming if the amount of spray which sedimented to the ground was in
a similar proportion at each distance downwind for different formulatioms,
then the amount of spray still airborne and not sampled must be very
much less as the involatile fraction of the spray, the o0il, is increased.

The relative percentage of droplets recovered in descending order were



128

oil, water plus 207 oil and lastly water with 57 wetting agent (Fig.
30). Thus the addition of oil to a spray will increase the recovery
of pesticide within a treated area provided the droplet size is
controlled. When a single orifice 1s used to govern the flow of spray
liquid, the addition of o0il increases the viscosity so with the lower
flow rate, droplet size is less and the risk of drift increased unless
disc speed is also reduced.

Greater recovery of a less volatile spray on the intended
target was also reported by Joyce and Beaumont (1979) who applied
fenitrothion in butyl dioxytol at 1 1/ha in contrast to low volume
aerial sprays at 20 1/ha using an emulsifiable concentrate formulation
in water.

The droplet behaviour and variation in drift discussed above
concurs with the findings of Bouse and Merkle (1975) in which they
noted that droplets of water sprays drifted in greater proportion to
a distance of 36 m downwind from a fan nozzle than paraffin oil,
diesel o0il, and mineral oil sprays.

This study indicates that when the formation of dropleté is
controlled and the minimal volume of spray per unit area is applied,
the addition of 15 - 207% oil in water is adequate in any spray
application. The amount of oil needs to be kept as low as possible
to avoid phytotoxity and to keep the cost of treatment per unit area

as low as possible.

3.5.4 Locust control experimentation

More insecticide reaches locust swarms when optimally applied
than any other insect application (Rainey, 1974; Graham Bryce, 1977).
in a field trial in Ethiopia for example, an application of 50 1 of

967 fenitrothion in a solution gave a kill of 837,000 adult locusts/1
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30 Relative percentages of droplet recovery by volume of

different formulations downwind from spray nozzles.
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(Sayer, 1968). Fenitrothion is now used as an alternative to the
persistent organochlorine such as dieldrin which have been widely
used for locust control. As a possible alternative to fenitrothion,
propetamphos and etrimfos were evaluated and on the basis of the
amount of toxicant which would be deposited by vegetation baiting,
propetamphos was the most promising and further field evaluation

is recommended. It should also be compared with synthetic pyre-
throids such as bioresmethrin and NRDS 119 (cesmethrin) pafticularly
with respect to safety, persistence and speed of action. Presently
the use of pyrethroids do not seem to be economical to use in the
field particularly as bioresmethrin is more than 25 times the cost
of fenitrothion (MacCuaig, 1974, 1975). Permethrin has the ad-
vantage of photostability; (Elljott et al., 1973b) but it is iess
toxic to locusts and has some residual effect on vegetation. Its
toxicity was increased by the addition of the synergist piperonyl
butoxide (Pojananuwong, 1976)..Depending on the cost of active
ingredient and synergist, the cost of applying in the field could
be reduced to an acceptable level. The synergist sesamex also im-—
proved the toxicity of permethrin (Ford and Reay, 1972; Edge and
Cesmir, 1975) so these are some of the implications and comparisons
in perspective in selecting a pesticide with a higher efficiency of
kill,

Without the use of synergist, propetamphos is more toxic
than fenitrothion which is ranked higher in its toxicity to Locusta
migratoria Lf than dieldrin or permethrin (MacCuaig, 1975)..

The tests in the field assessing downwind droplet drift
suggest that vegetation baiting with a 5.5 cm multiple disc sprayer
is possible up to a swath width of 32 - 64 m downwind depending on .

wind conditions.

* Locusta migratoria migratoroides (Reiche and Fairmaire)
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The greater recovery of spray deposits on flying locusts
compared with those at rest confirmed earlier studies by Kennedy
et al., (1948); Wootten and Sawyer, (1954) and MacCuaig, (1958).
Female locusts being heavier and larger than male locusts, collected
more insecticide than males even at rest. MacCuaig (1962) observed
that faster flying locusts tended to pick-up slightly less spray than
slower locusts but when averaged over the whole experiment the diff-
erence was just significant., However, a number of factors such as
weight, angle of approach of droplets to the locusts relative to
collecting area of parts of the body, size of droplets, flying speed,
method of attachment to the flight balance and the chemical and
physical sprays of each contribute to the efficiency of pick-up

of spray droplets., (MacCuaig, 1962).

3.5.5 Use.of CDA in powdery mildew (Erysiphe graminis DC)

control

Vegetation baiting (Courshee, 1959; Courshee and McDonald,
1963) is achieved by depositing a toxic dose of a stomach poison
on plants (mainly grass) which locusts would have to eat. This
was achieved by drifting spray droplets downwind under the influence
of prevailing wind speeds. Similarly fungicides can be released in
60 — 70 pm droplets which are collected on the crop to control foliar
diseases.

In the laboratory assessment using triadimefon, CDA sprays
with 70 pm droplets gave higher yields than obtained with a high
volume application on mildew infected wheat but less than when seed
treated with fungicide was sown. In the field the effect of CDA
treatment gave significantly higher yields than the control plots,

but yields varied in relation to the dates of sowing. Autumn sown
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wheat responded best to the fungicide treatment, followed by the
Spring sown. The response of the last sown wheat indicated the
role that sowing date has on the effect of mildew infections on
plant growth and yield. The higher yield obtained when wheat
plants were protected from the time of sowing was significant to
indicate that for optimum use of sprays, they must be applied at
the onset of disease infection.

The greatly reduced yield of the control treatment in this
experiment agrees with the suggestion (Last, 1962 and Paulech, 1969)
that in greenhouse experiments the effeet of mildew is likely to
be more.

The improved control of mildew with the controlled droplet
application at.hélf the dose of fungicide used at high volume 1is
important in reducing the total usage of fungicides., The field
trial confirmed that a substéntial yield increase over untreated
wheat was obtained at the lower dosage of active ingredient (Para.
3.4.2, Table 12). On a field scale not only was dosage reduced but
by the reduction of volume, the speed of application was greatly in-
creased thus facilitating the correct timing of sprays. Further
experiments should indicate whether the low dosage would be effective
under other climatic conditions. In orchard spraying as little as -
10% of the recommended dosage of fungicide has given ‘adequate control

(Cooke et al., 1976; Morgan, 1974; Jones and Morgan, 1974).

3.5.6 General discussion

The efficiency of spray application depends on moving droplets
from the nozzle to the biological targets with minimum of loss to non-
target areas (Himel, 1969a). The size of spray droplets is determined

largely by the design of the nozzle and the properties of spray fluid.
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In the past droplet formation has been poor so most sprays con-

tained a wide range of droplet sizes., But advances in the design

and equipment are making possible to achieve greater control of the
droplet spectrum. Thus ultra-low-volume applications of pesticides
are possible with smaller droplets (Johnstone et al., 1977). The
development of a range of battery operated portable sprayers has been
followed by the introduction of improved equipment suitable for
mounting on a tractor, The degree of spray coverage achieved is
determined by the volume applied and the droplet size. A reduction
in volume necessitates smaller droplets to maintain coverage. This

is achievable with centrifugal atomization which gives a much narrow-
er range of droplet size than 1is possible with hydraulic nozzles
(Hinze and Milborm, 1950). Larger droplets .(>150 um) and volume

(>15 1/ha) have been used for herbicide application (Taylor & Merritt,
1975) where downwind movement of droplets must be avoided to reduce the
risk of phytotoxicity on plants susceptible to the spray chemical.

The practicability for such needs has been demonstrated on field
trials with herbicides (Cussans & Taylor, 1976; Evans & Kitchen,

- 1976; O'Keeffe et al., 1976; Bailey & Smartt, 1976). Thus with the
use of centrifugal energy nozzles there is a choice of droplet spectrum
by the adjustment of disc speed (Johnstone, 1971).

By selecting the appropriate droplet size for a given target,
a higher proportion of the emitted chemical by the sprayer should
be utilized so lower dosages compared with conventional spraying should
be effective. This was confirmed in this test by the control of
powdery mildew of wheat involving CDA. Uniformity of droplet size
is an essential feature of controlled-droplet—application and is
indicated by the ratio between volume median (VMDjAand number median

(N\MD) (Matthews, 1975; Bals, 1970b; Frost, 1978 and Johnstone, 1978).
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More recently with a toothed, grooved disc (120 mm in dia-
meter, 75mmi§f2h 180 teeth 'Micron Micro-max') it was possible to
incorporate design features to avoid two adjacent ligaments joining
together so as to achieve complete ligament formation and control
of droplet size with higher flow rates of a range of rotational
speeds (Heijne, 1979). Similarly a multiple disc spray system was
developed to apply sufficient volume from an aeroplane, vehicle
or a tractor moving faster than an individual walking through the
field, TFurther improvements in the structural design should enable
these newer spinning nozzles to withstand rugged and difficult operating
ground conditions of tropical areas. Gunn (1978) noted that a spinmer
needs to be robust to withstand bumpy and dusty ground as it is
necessary to avoid deterioration of vehicle engines due to increased
back pressure from an Exhaust Nozzle Sprayer.

Formulation is as important as the spray machine so efforts
should be made therefore, to incorporate those properties which will
improve deposition on the target and movement of the active ingre-
dient to the site of action. Pesticides are biologically active in
extremely small quantities (Matthews, 1979) so the chemical neéds
to be formulated to meet these requirements without hazardous risks
to the operator and enviromment. The use of oils in spray application
minimizes the hazard to drift by reducing the effect of evaporationm,
an advantage which allows a reduction of droplet sizes to achieve
better coverage.

In utilizing smaller oil based droplets in the field, there
is a risk that with variable wind conditions the spray operators would
be exposed to greater contamination. As the addition of an oil may

result in an increase in dermal toxicity due to more rapid penetration
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of the active ingredient through the skin, it will be essential for
protective clothing to be worm and the use of the more toxic pest—
icides avoided. Operators should be provided with appropriate
protective clothing in relation to the pesticide used and risk of
exposure to toxic hazards. Nevertheless, with increased deposition
of spray on the target, the addition of oil makes it possible to
reduce the total dosage of pesticide applied so reducing the risk
of toxicity to non-target organisms.

On balance with the increased cost of the active ingredient
in pesticide, the use of less volatile formulations at minimal
volume rates of application should lead to more gradual use of lower

dosages of pesticide.
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3.6 SUMMARY

Magnesium oxide coated slides were used in the laboratory
and outside in fields to sample droplets,

Studies on the period between coating the slides and their
use in droplet sampling had to be kept as short as possible
to avoid solidification of the coated surface.

Aqueous droplets >250 um were sampled in a matrix but owing
to difficulties in handling the samples, this technique was
used only under laboratory conditionms.

Droplet sizes were also measured with a laser light diffraction
system.

Spray droplets produced with 8 and 5.5 cm spinning discs

under laboratory conditions were sampled at different dis-

tances from the nozzle. The decrease in size of droplets was

measured under low and high temperatures at different humidities

and the greatest reduction in droplet size occurred as expected

under high temperature and low relative humidity conditionms.

An increase in the proportion of an oil in water, decreased

the effect of evaporation on droplet size.

The change in droplet size was less with an oil known as
Ulvapron compared with other oils tested namely, 7E and 11N
Sun oils.

When using a spinning disc nozzle, water droplets with 5%
wetting agent travelled further downwind than those containing
any amount of oil as detected on vertical slides at 35, 70 and
150 cm above a grass field.

Subjective assessment of dréplet deposition with a UV-tracer
confirmed that water droplets were carried further downwind

before impacting on target leaves.
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A gradual increase in the proportion of 0il in water reduced
droplet trajection and increased deposition closer to the nozzle
suggesting that:

a) as aqueous spray droplets evaporate so rapidly in
flight betwean the sprayer and target surface that
they become more susceptible to drift,

b) smaller droplets with non—-volatile carriers maintain
their size and are therefore, more efficiently deposited
on targets,

The greater recovery of spray droplets closer to the target
indicate that the use of less volatile formulations together

with controlled droplet application should lead to more efficient
use of a pesticide.

Droplets of deodourized kerosene and water with 207 oil

travelled to a greater distance when released with an MK II
Exhaust Nozzle Sprayer than when spimning discs were used.

This was due to the greater height to which droplets were pro-
jected above the sprayer and the wider spectrum of droplets
produced. The distance over which droplets travelled was’re-
duced when the sprayer was in a sheltered position such as close
to a hedgerow.

Toxicity tests of three organophosphorous insecticides were
carried out on S. gregaria F. both on adult and 5th-instar
hoppers using a micro-applicator to assess both contact and
stomach action respectively.

Insecticide application for the control of locusts (S. gregaria F.)
by vegetation baiting based on calculated field doses determined
from the droplet studies confirmed that propetamphos would give
control over a 32 -~ 64 m swath width with 70 pm droplets. Pro-

petamphos was effective both to adult and 5th-instar locusts under
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laboratory and field conditions.

15.

16.

Spectroscopic measurements of spray deposition showed that
female locusts collected more droplets than male locusts
whether in flight or stationary. Locusts of both sexes
collected more droplets in flight than at rest,

Drift spraying of a field crop indicated that application

of half dose of triadimefon fungicide on winter wheat with
CDA gave better control of powdery mildew and a higher yield
than high-volume-application but less than when seed was

treated prior to sowing,
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Table 1 Speed and amperage of multiple-disc nozzle at
different voltages with and without liquid
flow.
(Ref. Para. 2.1.2¢)
r.p.m. Y.p.m,
Voltage (without 1liquid flow) | Amps (with liquid | Amps
flow)
10 6,000 5.5 5,000 5.9
11 7,800 5.6 6,420 6.2
12 8,550 5.6 8,000 6.4
13*% .8,900* 6.0 8,250% 6.5
14 9,300 5.7 8,250 6.4
15 9,400 6.0 8,250 6.4
16 11,000 6.4 8,250 6.4
17 11,500 6.7 | 8,250 6.4
18 12,000 7.0 8,250 6.4

% Points of unstability at which stable rotational speed begins

to be unsteady.
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Table 2 The size and number of droplets of A) water plus 57

wetting agent, B) water plus 207 Ulvapron oil and
C) Ulvapron oil sprayed with a 5.5 cm spinning disc

(at 10,000 rev/min) measured on MgO coated slides kept

(1)

in a slide box for a period of 10 minutes up to 330 days.

(Ref.Para. 2.3.2)
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Table 3 Computer plotted table and graph (Fig. l1below) of the
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4  Two-way analysis of droplets of three formulations
A) water + 5% w.a. B) water + 207 Ulvapron oil and
C) Ulvapron oil, sprayed with a 5.5 cm spinning disc
and collected on MgO coated slides of different age
group.

(Ref. Para. 2.3.2)
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c. and ¢, are computer reference numbers for treatment groups

5
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in days and type of spray-applications.
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Table 5 Droplet size analysis of droplets measured with
Flemming particle size analyser.

(Ref. Para. 2.3.2)

EPRAY NOIZLE:- Mini Ulva DISTANCE:~ 30 em
2.P.M. [PRESSUPE [- 7000 ’ TEST LIQUID:= Trisdimefon funpicide formulatien
MACNIFICATION:~ X4 RANGE:= 11 - 250um
APPLICATICH/FLOY RATE:= 6.4 ol/m SITE:= laboratory DATE:—  15th June 1978
SAMPLING SURFACE:= MO coated slides SPREAD FACTOR;~ ©0.86 OPERATOR:= A. VODAGENER
Ixperizent No. 20 Yeference Yo, -~ 30 Sample No, 2

c::::: nu::i" m':,‘h' béﬁ:: i." 2 2N 3" Nda? T Need T 2N2e?
A 11 10 9

| 14 12

c 19 16

r AN 26 23

E & a8 a2 n 3.98 2.98 32768 300448 0.265 0.265
r 6 54 46 1e 9,81 33,29 97326 10706960 7.885 8,15
c &3 76 65 152 41.19 74,98 | 274625 41743000 30.744 38.8%4
E 133 107 92 30 24.39 99.37 | 778888 70081920 51.617 $0.511
T 137 152 1945 E 1.626 99.996121L6689 12R80134 9.488 99.997
J 250 214 184 - - l - -

Total 369 335772462

* Voluse = wda' = &/, xr¥,
= 3

Fig. 3 G RAPHICAL REPRESENTATION OF DROPLET DISTRBUTION
OF TRIADIMEFON  FUNGICIDE FORMULATIO N SPRAYED
BY MINI ULVA
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Table 6 Computer print-—out from the Malvern Instrument's droplet
and particle analyser:

(water plus 57 teepol sprayed from a distance (height) of
10 cm above the laser beam).

(Ref. Para. 2.3.3)

> °r= +2.0 w=  +5.7 = 50072372 (VMD = 83, NMD = 67, and Ratio = L.3)
T2 +552.55 > +251.71 +0.005 E= +100.00% =  +0.00% C= G512 A= 0744
D= +261.71 > 4+165.23 +0.00% 3= +108.007 I'= +0.00% C= (7724 A= 0CSE
Tz +160.22 > +112.8% +2.08% F= +97.927 = +0.21% C= 1179 A= 1240
= 411Z.E6 > +04.03 +£5.95% 5= +51.97% +10.258% C= 1591 a= 1512
T= +E4.25 > +54.57 ° +37.13% ¢=  +14.84% +24.25% C= 1955 A= 1§5C
D= +64.57 > +50.29 P=  +11.085 B= +3.79% 122.105 C= 204%& A= 2047
T=  +50.2% > +38.86 = +2.90% F=  +0.88% +12.470 C= 1642 A= 1735
= +38.85 > +30.29 »= +0.675 E= +0.21% 1 +6.175 C= 0575 a= 1116
o= +30.29 > +23.71 P= +6.15% R=  +0.0%% +3.11% C= 0645 A= 0552
I= +23.71 > +12.57 D= +0.04% R=  +0.01< +1.61% C= 0534 A= £272
= +1S5.857 > +14.57 r= +0.015% == +0.00% +0.EZ7 C= 0423 o= 0372
= 414,57 > +11.42 D= +0.00% == +0-43% C= 0324 n= 0248
= +}1.42 > +0.14 P= +0.00% D= +0.22% C= 0251 A= 024
= +9,1% > +7.14 = +0.00% R= +0.10:. C= 02C) A= Q185
= +7.14 > +5.71 P= +0.20% == +CG.07:. C= 01E4 p= 0124
Legend:

D = particle diameter range,

P = associated percentage weight fraction,

R = cumulative weight fractionm,

N = percentage number fraction, normalized within

overall size range printed,

C = calculated best fit energy distribution
normalized to 2047,

A = actual measured energy distribution also

normalized to 2047.



Table 7A

Viscosity in centi-poise of various oils in relation to
changes in temperature.

(Ref. Para. 2.2.2)

Temperature Shell-Sol HLP 10 Sunoco Sun- HLP 40 oil Risella Sunoco Sun- Ulvapron
OC AB spray 7E spray 11N
20 2.92 15,184 20.79..A 20.9 25.112 32,587 63.18
30 2,92 12,264 17.4 16.46 18,688 24,644 38.544
40 2.92 »10.512 11,68 13,08 13,08 19.739 28.032
50 2.92 7.942 .9.577 9.928 9.928 12.432 18,688
60 2.92 3.212 7.709 4.088 8.176 10. 626 16.936

Viscosities Determined by:
(Visco Meter)
Type KP Cone and Plate Method,

at Tate & Lyle Research Centre.
Reading, Berks.

(1)

%91
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Table 7B  Viscosity of water under test (1) and viscosity of
water + 207 Ulvapron.
No. Temperature  Total time taken
° in seconds by water* oise Centivoise
to pass through a P oisepx 100
visco-meter (K = 0.,00046) P
1 10 45 .02 2,0
2 16 44 .02 2.0
3 20 43 .02 2.0
4 25 42 .02 2.0
5 30 41 .02 2.0
6 35 40.5 .02 2.0
7 40 40 .02 2,0
8 50 39 .02 2,0
9 60 39 .02 2.0
* Density of tap water = 1,02 grams at 19°¢
No. Temperature  Total time taken
o in seconds by water poise Centipoise
+ 207 Ulvapron to (poise x 100)
pass through a
visco-meter (K = 0.00046)
1 10 21 0.010 1.0
2 20 17 0.008 0.8
3 30 15 0.007 0.7
4 40 14 0.0069 0.69

Density of water + 207 Ulvapron at 19°C = 1.04

Note: Calculation of Viscosity =

Viscosity =

K X p x t, where K, is constant,

(given by manufacturers) for a given visco-meter; p

density of test liquid, t, time in seconds.

(Ref. Para. 2.2.2)
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SPINNING DISC (SUSPENDED) __@

CIRCULAR AREA OF
DROPLET COLLECTING
SURFACES AT 30 cm BELOW
A SUSPENDED SPINWING DISC.
(LEVEL SUPORTED BY AN ADJUSTABLE

AND MOBILE STAND).
DROPLET COLLECTING SURFACE

(D

200 cm
CIRCULAR AREA OF DROPLET COLLECTING
SURFACES AT 200 cm (GROUND LEVEL)
BELOW A SUSPEN P .
' 'DED SPRAY DISC) \ DROPLET COLLECTIXG SURFACE
Yy

Relative locations of droplet collecting surfaces

Fig. 4 : :
below a suspended spray disc.(side view).

(Ref. Para. 2.4)
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(D

Fig. 5 Plan view of a circular arrangement and locations
of droplet collecting surfaces A) 30 cm height,
B) ground level i. e. 200 cm below nozzle.

(Ref. Para. 2.4)

RADIUS = 35 cm
CIRCWNFEREXCE = (2rr) = 220
AREA 11r2 = 3848 cx:2

- .3848 o

A)

DROPLET COLLECTING SURFACE

B)

RADIUS = 66 em

CIRCUMFERENCE = (277r) = 414.7 cx
APEA (vr?) = 13665 c=?

- 1.3685
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(1)

Fig. 6 Plan view of droplet collecting area (triangular
aluminium bars) at three levels from which droplets
were collected.

A) 10 cm height, B) 30 ecm Height and C) 200 cm
distance below nozzle i.e. at ground level.

(Ref. Para. 2.4)

(A) L 1 J |

(B)

©



SPINWING DISC (SUSPENDED) ——-5._1%§;

(A)

189

Side view of droplet collecting areas (triangular
aluminium bars) at three levels from which droplets
were collected at A) 10 cm height, B) 30 cm height
and C) 200 cm at ground level.

(Ref. Para. 2.4)

() _r

DROPLET DISTRIBUTION AREA AT LEVELS:

1o}ln_rf

(1)

30 co

L

A) DIAMETER OF MAXIMUM DROPLET COVERAGE =.23 cm. 2
CIRCULAR AREA OF DROPLET COVERAGE =(7r") = 415 cm

= .0Q415 m2

B) DIAMETER OF MAXIMUM DROPLET COVERAGE = 50 cm. 2
CIRCULAR AREA OF DROPLET COVERAGE = (nr”) = 3848 ¢

= .3848 m
C) DIAMETER OF MAXIMUM DROPLET COVERAGE = }32 cm. 2
CIRCULAR AREA OF DROPLET COVERAGCE = (nr”) = 13684 cm
: = 1.3684 m

) r

200 cm
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(D)
Table 8 Efficiency of different droplet collecting surfaces;
a 5.5 cm spinning disc (hand carried) sprayer.w1th
a spray liquid of A) water plus 57 w.a. and B) water

plus 20% Ulvapron oil.
(Ref. Para. 2.4.3)

(A)
2 METEPS FROM SPRAY PATH 16 METERS FROM SPRAY PATH
a MgO SLIDES CASCADE Roto- MgO SLIDES CASCADE Roto-
K] IMPACTORS | Rod IMPACTORS | Rod
E} VR |H6D |RS SUCTION Rota- VR |HGD | RS {SUCTION Rota-
b TUBES ting TUBES ting
3
(=]
Ko.
Slides| & 2| 2 { Impaction 2 4 2 { 2 [Impaction 2
4 Discs 4 Discs
broplet
total 29201349 j2500 106 DNO 1000 | 250 {925 DNF DNO
IDrops/ ]
slide | 730}175 J1250 27 v 250 ]125 }463 " "
Drops/
Cmg 117| 28| 200 9 " 40 1 20 | 74 " "
brops/
rod - - - - " - - - ~w (1]
Urops/
CI - - - 27 ” - - - [ ”
VID 421 441 41 18 T 35 | 37 {34 v '
MD 310 29 [ 31 16 W 25 1 23 | 27 v "
VMD " (1] ”
S 1.1{1.3 | 1.2 1.1 1.4 1.6 1.3
167 37729 32 15 v 26 | 23 | 26 Al !
847 L4148 A4 23 " 40 |50 | 43 o N
(B) : l2 MeTERS FROM SPRAY PATH 16 METERS FROM SPRAY PATH
No. :
Slides 4 2 2 4 2 &4 2 2 4 2
Uroplet
total {2900 356{2478 53 DNO 800 |1381900 DNF DNO
Drops/
slide 7251 17811239 13 ' 200 69 {450 " "
Drogs/
| cm 116 29| 198 4 " 32 11] 72 " "
Drope/
. rod - - -— - " - - - " n
Drops/
CI - - - 1 3 " - - " AL
D 45T LG a2 35 o 32 | 44} 40 o Al
[ 27| 337 30 29 i 26 | 27| 27 A ™
= | nalel 2] e " 1.2 [1aap2 | o "
16 261 3zf 30 78 T 25 | 26{ 25 i -
84n 40| 47} 42 41 T 56 | 4038 o T
Legend:

VR = vertically positioned MgO coated slides,
HGD = horizontally on ground placed MgO coated slides,
RS = rotating MgO coated slides, .
DNO = droplets not observed,
DNF = droplets not found,

CI = cascade impactor.

temperature and relative humidity (ZOOC, 657) ,
= mean wind speed = 2.3 - 3.5 m/s.
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Appendix

DISPERSAL AND BEHAVIOUR OF DROPLETS OF
VARIOUS FORMULATIONS UNDER DIFFERENT
AND CONTROLLED LABORATORY CONDITIONS.

(I1)



Table 9 Droplet diameter and volume of VMD in relationm to temperature
and relative humidity of water plus 57 wetting agent and water
plus 22.5% Ulvapron oil sprayed with an 8 cm spinning (Herbi)
disc.

(Ref. Para. 3.1.2)
rpm 1950

Temperature Spray Formulation Drop diameter in pm Volume of Volume of Percentage

o t_xeight: at - droplet droplet decrease in
(Relative in cm. Ratio based on based an volume re-
Hum‘idity) (Flow rate) VO WD | YD {167(84Z( VMD in pmd | VMD in cmd lative to

. nl/m NMD (lc/3 N (um3-1.-12em3) | sample at 30cm.
X106 X0.0-05
18 30 water + 5% 320|230 | 1.4 |230{420 17.0 1.7 -
(teepol)

(69) (84ml/min) +6)+7

" 200 " 278|195 | 1.4 }193]360 11.0 1.1 35

+B8|+5

42 30 " 272196 | 1.4 |193{357 10.5 1.05 -

(18) +9(+5

" 200 " 180 | 133 | 1.4 |124(232 3.1 0.3! 70

+ 6]+ 4
18 30 water + 22,5% 250 | 180 | 1.4 |180{330 8.2 0.82 -
(69) Ulvapron +61+7
(66ml/min)

" 200 " 238 {162 | 1.5 |138]297 7.0 0.7 12

+7(+2

42 o " 265 1177 | 1.4 |176!1328 7.7 0.77 -

(18) | #11{+5 oo

" 200 " [ 221 "156 § 1.4 144 279 5.6 0.56 27

| S (o NN ; S A

(11)

Ll
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(11)

Table 10 Droplet diameter in relation to temperature and relative
humidity when water plus 57 wetting agent and wa?er.plus
22.57 Ulvapron oil were sprayed with a 5.5 cm spinning
disc at speeds of 9,000 and 12,000 rev/min.

(Ref. Para. 3.1.2)

7":!"!“" R.P.H. 9,000 R.P.H. 12,000
C and Spray | Formulatien Drop disreter in o Drop dianeter in yn
(Relative height and
huzidity 2)]in cu. | (Flov rates) | i) 5D | DD | 162 842 | Percentage || v ] xem | wim/m | 162 ] 821 | Percentage
el/zin, decrease in decrease in
D VMD
12 0 vater + 53 105 g0 1.2 65) 120 - S0 78 1.2 56 | 102 -
{58) teepnl 254 + 6f+ 3
(Bizl/min) — 1~
- 200 97 80 1.2 501} 113 8, 81 [1] 1.2 3B] 93 10
AR ) + 3145
EL) 30 94f 77| 1.2 48| 110 - 77] 63] 1.2 33 %o -
(15) *8l45 + 7144
- 200 79| 60 1.3 17] 96 16 59| 42 1.4 13 23 23
261247 25127
12 30 water + 83 71 1.2 51] 54 - 71 61 1.2 44 { 80 -
(58) 22,52 AR +3]es
Ulvapren - - -
(661 /min
- 200 80 70 1.2 47193 & 70 55 1.3 39179 1
; 23|23 . 2223
: 34 3o 75| e1] 1.2 | a7)es - 61| so| 1.2 | 28|n -
(15) 2101+5 AR
- 200 68| 53 1.3 15179
P 1 P 9 ‘52 ‘Lg 1.3 10 163 13




Table 11

(4)

(B)
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(1)

Changes in the calculated volume based on VMD in relation
to temperature and relative humidity of water plus 57
wetting agent and water plus 22.57 Ulvapron oil sprayed
with a 5.5 cm spinning disc at (A) 9,000 and (B) 12,000
rev/min respectively.

(Ref. Para. 3.1.2).

tp 1950 < g 2
Teroerature| FE18tIvel Spray Drop diancter jo yo ° . -
= “|huzidity] height]Formulation 7 - M
“c I in c=. ) . atiof . - - v|=-w
at wo o | o | 16z] 842 ;g;; o=
i} - vvloe
(Flov rate) ¢ uotos
=i/e S -
18 69 30 water ¢ 52 | 320]230 | 1,4 ]230] 420] 100|160 | -
(tecpol) e b|e 7
(Bépl/ein) |~ ™
- - 2 " 2781195 1.4 193} 360] 87 15 13
+ 5|+ 5
42 18 Jo - 2721196 1.4 193] 357{ 100100 | ~
+ 3]+ 5
" " 200 - 180f133§ 1.4 |124)232] e8] 32 34
+ 6|+ 4
18 69 30 |vater + 2s0[180 | 1.4 {180 330} 100|100 | -
22,52 260
Juilvapren N
(66m1/=in)
" " 200 - 238(162 | 1.5 136|297 95] 10 s
+ 7+ 2
%2 18 30 " 245|177 | 1.4 }176 | 328) 100}100 | ~
4114+ 5
- " 200 " 221)154 1.% 144 } 279 50 18 10
+10]+ B
Temp~
erature | Spray Formulation Volume of Yolume of Percent | Percentage
©C ang |Beight | . and v | VD in ! | VD _in cmd =ge decrease :
an in cm.| (Flow rates)] (7] 3 (po=1,-12cn?)] volume }involume i
(Relative nl/min. . 3r7) 0.0-05 !
humidity] * x108 .
1)
18 30 vater + 52 | 320 | 17.0 1.7 100 -
(69) teepol *6
(84wl /ain)
" 200 . 278 | 11.0 1.1 65 35
+8 -
42 30 - 272 | 10.5 1.0 100 -
(12) 29
- 200 " 180 3.1 0.03 0 70
+ 6
13 30 water + 250 8.2 0.08 100 -
(69) 22.51 +8
Ulvaproa
(6621/cin)
- 200 - 238 7.0 0.07 1.} 12
+7
a2 0 " 245 1.7 0.077 ° 100 -
(1e) a1
- 200 - ) 5.6 0.056 13 27
*10
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(11)

Table 12  Droplet data for various formulations sprayed with a
5.5 cm spinning disc in a spray hut employing No.4
flow restrictor at a temperature and relative humidity
(34°C, 20% RH) and a disc speed of 15,000 rev/min.

(Ref. Para. 3.1.3)
=
-4
|79 |79
5| = DROPLET DIAMETER IN yo |Be | o8 |98 w
o - o o ovy
= - £ | B3 |B3EZ
- 15 = e =2 |29y
s 3 22 RATIO e~ -l 22 (225
5= S o= wo| o v ez ) 8|53 Sl B |Has
o, [P ND am. x| = = = S
[ o = o E ta > w
= [T9) |79} > 2 P [
10| K,0457 | 31.4 | -46 38 1.2 22 60 51,0 100 | -
39| Teepol 39 32 1.2 19 | s1 31.0 61 | 39
200 26 | 21 1.2 13 34 9.0 18 | 82
10| Hp0+20%| 30.0 47 | 22 1.1 23 62 54.4 10| -
Sunoco
30| Sw~ 4 [ 394 1.1 {20 { s5 | 4s5.0 83| 17
spray
JE
200. 36 | 33| 1. 16 44 24.4 45 | 55
10| Hy0+20%7| 27.0 45 w | 1. 26 61 48.0 00| -
Sunoco
30 | Sum” g2 | 37| 1.1 | 26 | s7 | 39.0 g1} 19
spray
11N
200 37 35 1.1 19 44 27.0 56 | 44
10 | H,0+15z ) 27.5 44 40 1.1 27 60 | 45.0 100 | -
Ulva- -
30 | Pren 52 | 38{ 1.1 | 26 57 39,0 87| 13
Micro-
nised
200 37 k1A 1.1 | 21 47 27.0 60| 33
10 | H,0+207] 25.0 43 | 4o 1.1 25 58 | 42.0 100 ]| -
- Ulva- - -
: pron .
£ 41 38 1.1 { 24 55 39.0 93| 7
nised N
200 39 37 1.1 | 21 49 31.1 74| 26
10 | H,0+407 | 23.5 41 39 1.2 20 | s0 .0 10| -
Ulva-
3p | prom 40 | 38| 1.2 19 49 34.0 9| &
Micro— .
nised
200 a9 36 1.1 18 | 47 31.0 86 | 14




Table 13

(A)

(3) -

(©)
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(I1)

Droplet data for water plus 5% w.a. and different

concentration

of Ulvapron oil sprayed with a 5.5 cm

. . . .
spinning disc 1in a spray hut at a temperature and
relative humidity (327C, 207) and disc speeds of 5,000,
1¢,000 and 15,000 rev/min. _
(Ref. Para. 3.1.4)
R.P.X. 5,000 R.F.H. 10,000 [STPEN 15,0(;0
1 T Relazive Spray Forzulatior drop diarcter in y= drop dismeter in um drop diameter in un
“v:" e humidity T hel;:: in and VRO Tl [N FD7 D) 163 [B43 [VED [RHD] VED/NHD 16T 84T [VEDINMD VO/NMDI 162842
¢ exm. (Flow Rate}
ol/n
n 20 10 HZO + 52 100 BO| 1.3 481120
- - » ss| eel 1.3 | «1f102
- - 200 teepol se| &s| 1.2 271 &7
{1).4m. /i
20 10 70| 60| 1.2 5| 95
Js . 0 60§ 51| 1.2 28| 85
- - 200 sof 34) 1.2 18} 56
48| 0} 1.2 |30 |73
0
J-Z- 22 ;o 411 34 1.2 26 |64
- - 200 274 22} 1.2 |17 (a2
2 20 10 B0 « 52 toz] 90| 1.1 | &oha2s
o - 30 ulvapron 90l 79] 1.1 351110
- . 7
" 200 (2901 /=in) 631 55 1.1 25 ?
20 10 71| 62} 1.1 35196
3 " 30 62§ 55| 1.1 3t | 84
- " 200 a13s)1. 22|59
49| 42 1.2 1 |76
3 % - a3 12 |7 e
.. - 200 ®l26f 1.3 f19 |47
Terperature Relative Spray Formulation B.P.K. 5,000 R.P.M. 10,000 R.P.K. 15,000
o hueidity I| height in and drop diaceter jo vo drop diaveter in ym drop diazeter in p=
¢ c=. (Flov Rate)
=l /pin. VMD (NHD vxn/x::n}lb: 243} VDI NMD) VMD/IMD | 162 JBAT I VMD I NMD {VHD /D] 16T |84T
32 20 10 B0 + 103 97| %0} 1.0 35{100
: : 30 wlvapron g7{ 81| 1l.o 32| 99
200 (27a1/2in) 64| 60] 1.0 | 24| 67
V) 0 10 ot 55 1.1 300 83
- " 30 S4i 50 1.1 27§ 77
- “ 200 4ol 360 1.1 20¢ 57
2 0 10 471 36 1.2 28| 68
" " 0 42§ 22] 1.2 25} 61
- " 200 it} 1.1 191 435
2 20 10 H20 + 15% £7| 80 1.1 30195
" - 30 ulvapron 8z 75| 1.1 2883
" " ; 5
200 (2601 fmin) 661 60f 1.3 22|n
32 20 12 St} 46 1.0 26 | 80
. 4 0 &) &1l 1,1 24175
" " 200 33| 35 1.1 191 60
a2 20 10 39| 30 1.1 241 70
" " 30 351281 1.3 23] 66
" " 200 30123) 1.3 18| 53
Spray Formulation R.P.M. 5,000 R.P.H. 10,000 R.P.M, 15,000
beight in cm. angd drop diamerer in gz drop diamcter in un drop diazeter in unm
(Flow Rate)
ol/min. VO [NeD (MDD 167 84z Vi D vV A {1672 | 843 v 1Dl vDND] 162|542
10 HZO + 202 L8272 1.1 31} 95
4] 77| 68| 1.1 29{ &9
ulvaproa
200 (2201 fain) 660 61| 1.1 251 79
10 47} 43 11 22| 7%
» &3] L0] 1.1 21 70
200 HE RS 19 62
10 377 2¢ I.t 21{ 57
» 35| 26 1.1 20| 54
200 33 137 1.1 1B| 48
10 B0 + 402 [ 70| 1.0 | 28] 82
» 72| 67 1.1 251 19
vlvaproa
100 (1531 /cin} 671 62 1.1 231 73
10 L4429 1.1 22) 69
30 «2137] 11 21} 66
0 gl 3 1.1 20| 61
10 3| 277 1 20} 52
» 32 28] 1.1 | o19p s0
200 jo] 2¢ 1.1 } 1) &7
‘ » » . .
In Table (C) temperature and relative humidity 1s
same as in (A) and (B) above.
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(I1D)

Plates 1 and 2 Droplets collected on MgO coated slides A) 10 cm
B) 30 cm and 200 cm below a 5.5 cm spinning disc
sprayed in a hut under a temperature and relative
humidity (32°C, 20%) and disc speed of 10,000 rev/
min,

(Ref. Para. 3.1.4)

?late 1 Droplets of water plus 57 wetting agent

Plate 2 Droplets of water plus 20% Ulvapron oil



Table 14

Results of laser analysis of droplet sizes,VMD and NMD
of water plus 57 w.a. and different concentration of

178

three oils sprayed with a 5.5 cm spinning disc, at a
temperature )

and

7,500 rev/min.

relative humidity (19°C, 59%) with
a constant flow rate of 30 ml/min and a disc speed of

(Ref. Para. 3.1.5)

Spra Spra Dmple? dia- Volune|Percent-| Percentage
Y . 4 meter in un &
forrmula- | height in age volume
tion VHD o3 volume decrease
o. VD |+D] TrD X10% [based on
VHD
1 {0 + 5% 10 83] 67 1.2 30.0 100 -
" 30 761 62| 1.2 23.0 77 23
< d. 200 66| 56]1.2 15.1 50 50
2 |10 + 57 10 8s) 791.1 31.0 | 100 -
Uivanron | .30 go| 75[1.1 27.0 87 13
P 200 72§ 65/1.1 20.0 65 a5
3 {80 + 10 85| 77{1.1 33.2 100 -
102 30 g2 74i1.1 29.0 90 10
Ulvapron | 200 75| 68]1.1 22.0 | 68 32
4 |0 + 152 1o 86 80{1.1 33.3 100 -
Uivapron | .3? 83 75}1.1 30.0 50 10
PIOR | 200 79| 724]1.1 26.0 78 22
5 |H,0 + 202] 10 89 | 86{1.0 37.0 | 100 -
ol 30 87| 84j1.1 34,5 93 7
vapron | ang 85 | 83j1.0 32.3 87 13
6 (1,0 + 40Z{ 10 92| 85{1.1 41.0 100 -
" 30 91 | 84[1.1 39.5 96 4
vapron | ono 89 | 83}1.2 37.0 90 10
7 |u0 + 52 10 84 | 72§1.2 31,0 | 100 -
Sinoco 30 79 | 68}1.2 26.0 84 16
sgs 7K 200 71 { 60]1.2 19.0 61 39
8 (H,0 + 1202} 10 85176/1.1 32.3 100 12
sss 7E 30 81 | 72111 29.0 88 37
200 73 {65{1.1 20.4 63
9 |u,0 + 15%{ 10 85 | 80(1.1 32.3 100 -
e 30 82 17711.1 26,0 85 12
8s5 7E 200 75 | 70|11 22.1 68 32
10 |u,0 +20Z| 10 88 |79[1.1 36.0 | 100 -
sss 7E 30 8s |77)1.1 32.3 90 10
200 81 |73[1.1 29.0 81 19
11 |10 + 407 10 91 | 85(1.1 39.5 100 -
555 7E 30 89 |83i1.1 37.0 94 6
200 85 | 82]1.0 32.3 82 18
12 |0 + 5% 10 85 |72]1.2 32.3 100 -
30 81 |681.1 28.0 87 13
SSS 118 | 209 72 161{1.2 20.0 | 62 18
13 [H,0 + 102 10 86 {75]1.1 33.3 100 -
Ss5 11% 30 82 |71 1.2 29.0 87 13
55 116 | 959 75 | 65(1.2 22.1 66 34
14 1,0 + 153 10 89 {73h.2 37.0 100 -
30 86 |71 1.2 33.3 90 10
855 1IN | 959 80 |66 1.2 27.0 73 27
15 [0 + 202| 10 90 {82 1.1 38.2 100 -
sss 11n 30 87 {78 1.1 34.5 90 10
5 200 82 175111 29,0 ) 76 24
16 |n0 + 01| 10 92 |86 1.1 41.0 100 -
s55 11N 30 91 |85 t.1 19.5 96 4
200 86 |81 1.1 33.3 81 15
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(11)
Table 15 Dr?Plt?t data for various formulations sprayed with a 5.5 cm
spinning disc employing No. 4 flow restrictor in a spray
hut at a temperature and relative humidity (39°c, 35%)
and a disc speed of 15,000rev/min.
' (Ref. Para. 3.1.6)
Spray Droplet Diameter in pm
Height{ Formulation| Flow rate
in cm. ol/oin Ratio
VDI VD | 167 | 84%
R’MD
10 HZO + 5% 32 40| 36| 1.1 19 50
30 Tecpol 32 341 31] 1.1 15 43
200 32 22} 20] 1.3 12 238
10 HZO + 152 27 451 40} 1.1 22 51
30 Ulvapron 27 41 ) 38} 1.1 20 47
200 27 34| 30| 1.1 16 38
10 HZO + 20% 25 44| 40f 1.1 23 53
30 Ulvapron 25 41} 38f 1,0 21 50
200 25 371 341 1.1 17 44
10 H20 + &40% 23 42 1 38 1.1 21 55
30 Ulvapron 23 40 | 36( 1.1 20 53 )
200 23 371 34] 1.1 17 48
10 “20 + 157 28 431 401 1.1 20 s2.
30 Ulvapron 28 411 38{ 1.1 181 49
200 Micronised 2 36 ] 34] 1,1 15 44
10 HZO + 20% 26 45 411 1.1 23 54
30 Ulvapron 26 43139{ 1.1 21 52
200 Micronised 26 411371 1.1 18 47
10 H20 + 40Z 24 431391 1.1 22 56
30 Ulvapron 24 42 {381 1.1 21 55
200 Micronised 24 40§ 36| 1.1 18 52
10 H20 + 15% 32 42 138 1.1 20 58
30 Sunoco 32 38 {35{ 1.1 17 53
200 Sunspray 7E 32 32 1271 1.2 13 42
10 HZO + 20% 31 44 | &0 1.1 22 57
30 Sunoco 31 41 {37 1.1 19 53
200 Sunspray JE k) 36 {30 1. 15 43
10 H20 + 407 25 56 {621 1.1 20 53
30 Sunoco SS 25 44 40| 1.1 18 50
200 7E 25 42 136} 1.2 15 46
10 H20 + 153 29 45 1421 1.1 21 54
30 Sunoco 29 41 }3811.0 138 49
200 Suzspray 1IN 29 35 13211.0 14 42
10 HZO + 20% 2y 44 l41 1.1 20 56
30 Sunoco 28 41 {38(1.0 18 52
200 Sunspray 118]  28 39 (36 1.1 1% |49
10 H20 + 402 26 46 \bl 1.1 22 58
30 Sunoco S5 26 43 1391 1.1 2C 55
200 118 26 41 1 37¢ 1.1 16 50
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(Ref. Para. 3.1.6)

1 2 3 4 5 6 7=(4x6) 8=(7x1512) 9 10 11
E
(3] ~
oM [
. ~™ N' = T ‘2 e
] - % | gy BT | &g 5%y
(=] 5] [el &) = » ey O =3
= = glmwz o | 0O & met s lmamg 0F [Q8 gau
[ =~ a OHS < O] Ax or‘gxg oz)g gg EQ H:22
[ A ;: > ';;:.'., u.g 3] BX| e~ —~ =z z | zrxg
286 R 8el Cul 555 |5Z74 85 [B5 | €€
25| B else | 55 of 2E5% (28] 565 |55y EE8
= [ £|8< 2y 24 9525|9580 28 |as5d el
10 | H,0 + 5% | 40] 34.0 | 100 | 2725} 9265. x%f:gs 100 - -
30 | Teepol 36 21.0 62 | 2316] 4864.0 4.9 53 47 38
200 22 6.0 18 | 1526 Y16.0 0.62 6 94 82
101 H0 + 152 45| 48.0 | 100 [4336]20,813.0 21.0 | 100 - -
30 | Ulvapron | 411 36.0 75 | 4075/ 14,670.0| 15.0 71 29 25
200 34 21,0 44 | 3252) 6,829.2 6.8 32 68 56
10 HZO + 2072 | 44 45.0 100 | 3528}15,876.0 16,0 100 - -
30 Ulvapron 41 30.0 80 | 3317]11,941.2 12.0 715 25 20
200 37 27.0 60 | 2999( 8,097.3 8.1 51 49 40
10 H20 + 40Z ) 42 39.0 100 | 3292]12,839.0 13.0 | .100 - -
30 Ulvapron 4C 24.0 7 13150}10,744.0 il1.0 85 15 i3
200 37 27.0 69 | 2930 7,911.0 7.9 61 39 31
10 | 'H0 + 15X | 43| 42.0 |100 [2720 11,42A.o 11,0 | 100 = -
30 | Ulvapron | 41| 36.0 86 | 25841 9,302.4 9.3 85 15 14
200 | Micronised 36 | 24.0 57 [2400] 5,760.0 5.6 53 47 43
10 [ 1,0 + 202 | 45| 48.0 [100 [3600{17,280.0| 17.0 | 100 - -
30 Ulvapron 43 42,0 88 ]3456[14,515.2 15.0 88 12 12
200 | Micronised 41 | 36.0 75 | 3240 11,664.0] 12.0 71 29 25
10 | H,0 + 40% 43| 42.0 [100 {3376|14,179.2( 14.0 | 100 - -
30 | Ulvapron | 42 39.0 93 {3308712,901.2 13.0 93 7 7
200 Micronised 40 34,0 81 |3105|10,557.0 11.0 79 21 19
10 H20 + 152 | 42 39.0 100 [2896{11,294.4 11.0 100 - -
30 Sunoco 38 29.0 74 |2635) 7,642.0 7.6 69 31 26
200 Sunspray 32 17.2 44 12285 3,730.2 3.9 35 65 56
7E
10 "20 + 205 [ 44 ] 45.0 100 12944113,248.0 13.0 100 - -
30 Sunoco 41 36.0 80 {27387 9,857.0 2.9 76 24 20
200 | Sunspray 36 | 26.4 54 |2237] 5,905.7 5.9 45 35 46
7E
10 ['H,07+ 40Z 46 | 51.0 |100 [3200(16,320.0 | 16.0 | 100 = =
30 | Sumnoco 44 45,0 88 [3040(13,680.0 14.0 86 14 12
200 | Sunspray |42 39.0 76 [2752]11,000.0 | 11.0 69 31 24
7E
10 H20 + 157 | 45 48,0 100 {3776]18,125.0 18.0 100 - -
30 Sunoco 41 36.1 80 134361(12,440.0 12,0 69 31 20
Z00 | Sunspray |35 | 22.4 | &7 |2945] 6,597.0| 6.6 | 36 | 04 53
11N
10 | K,0 + 20% | 44 | 45.0 |100 |4160(16,720.0 | 19.0 | 100 -
30 Sunroco 41 30.0 60 |3boY[13,928.4 14,0 /4 26 20
200 Sunspray 39 31.0 69 {3786](11,737.0 11.0 59 42 31,
11N
10 nzo + 404 |46 | 51.0 [100 12920(14,892.2 | 15. 100 - -
30 | Sunoco 43 | 42.0 82 |2745(11,529.0 | 12.0 80 20 18
200 | Sunspray |41 30.0 71 1254071 9,144.0 9.1 61 39 29
11N
Table 16 Percentage volume distribution in relation to droplets of

various formulations sprayed with a 5.5 cm spinning disc
employing No. 4 flow restrlctor and at a temperature and
relative humidity (39° C, 35%) and a disc speed of 15,000

rev/min.

(11)



VMD and NMD determined by using the laser diffraction method in

Table 17
relation to changes in flow rate and disc speed using water plus
20% Ulvapron oil sprayed w%th a 5.5 cm spinning disc in a laboratory
hut at a temperature of 17 C and relative humidity of 807.
(Ref. Para. 3.1.7)
FLOW DISC SPEEDS % DROPLET T VMD/NMD
RATE Fepom. FLUCTUATIONS | DECREASE OR
o, RATIO: | IN RELATION | INCREASE AS
AT AT D T0 FR. & DISC SPEEDS
8v 12v vMD NMD D DISC SPEEDS | INCREASED.**
wo | mp | v | W
1 17 9500 - 59 50 1.2 | 6.0 7.4 | - -
*5 + 3
2 38 ! - 70 54 1.3 |»>18.6 | >8.0 [ - -
*6 + 3
3 56 " - 79 60 1.3 >33.9 {»20.0 - -
+3 + 7
4 17 - 11500 52 51 1.0 10.0 | 9.0 | <12.0| >2.0
i) + 5
5 38 - " 60 56 1.1 <15.4 [>10,0 | <14.3| 34,0
*6 r4
6 56 - " 69
65 1.1 <32,7 |>27,
+3 +2 >27,0 | <12,7| »>8.3

(11)
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Changes in droplet diameter in relation to flow rates.

(Ref. Para. 3.1.7)

VMD-9500 r.p.m.
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°c

(Ref. Para. 3.1.8)
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and relative humidity of 687 and measured using a laser

MK II Exhaust Nozzle Sprayer at a temperature of 18
diffraction system.

The VMD and NMD of two formulations sprayed with an
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Appendix

FIELD DROPLET DRIFT STUDIES AND DEPOSITIONS
ON MgO COATED SLIDES AND ON LEAVES.



(1I11)
(Ref. Para. 3.2.1)

185
Droplets/cmz/ml sampled on vertical targets at different

heights to measure downwind drift (A) water + 5% w.a.,
(B) water + 207 Ulvapronm o0il and (C) Ulvapron oil.

Table 19
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(A)

(B)

Table 20

186 (111)

Droplet total/cmz, VMD and NMD sampled on vertical targets
at three different heights (150, 70 and 35 cm) to measure
downwind drift of formulations sprayed with (A) 5.5 cm

hand-held spinning disc, and (B) 5.5 cm 4-spinning discs.

(Ref. Para. 3.2.1)

I o x z DISTANCE (M) DOUNWIND FROM SPRAY NOZZLE
y a a o 3
3:,’ 55 3 2 s - — (DROPLET SIZES IN um)
= g : - P -< = X [ : -
d|gc85| §g | 8 [ 3E| &% z
Eggg g § 5 g d EE .25 .50 1 2 4 Ly 16 32 64 (sp)
=3 v
**+10/3) 700 | 684 | sor | an 287 | n 23. 2 _ 337 290
2 “ioreaty 233 | 328 | jer | yep | apf B o1 |2 112 (36)
- g >4 24.4
] = [ 162 25 25 24 28 24 25 20 18 - (3.2
Ll L. X2 § [l 48.9
O e~ SREo nE - 84z &7 46 . - X
o 1 Az= 3 b=+ 52 52 48 50 50 %0 3.9
2| 23 A = a2z %3.0
< B L o . 36
b o 45 44 48 46 45 42 41 ke 3.7
-~
a2 . 38.3
3 D
= 40 31 43 42 43 38 3s 24 - 6.4
+*10/34]4 820 | 818 | 199 | 408 278 26 2 453(370)
* 1w/ | 280 273 266 136 93 9 0.7 - = 1151(123)
- 16X 30.1
K b s ") 3 33 % 30 29 28 - - (1,6)
g = «°8 < . 54 $8.7
= g:7 nZo é‘g ~ £Q &1 50 §1 <8 55 ss_ = - FENEY
"z v 47.9
- S =3 weo 48 48 49 50 48 &7 4s - - (1.6)
© -
s no 43.7
45 45 A6 46 44 42 _38 = = 2.9)
p+rD/R3slioze  fols Pom 900 682 | 186 62 697 (410)
P D/en” | 342 (338 {336 |300 227 62 21 - - {232 (13
o . . . 33
4 & a 162 % | 33 |33 |3 I 3 » - - (1.9)
I og ° s 61.6
2 3 .23 g = 62 62 63 62 62 60 60 - - (1.1)
28 | KES 9 vMD 50.1
S g Wb 3 50 50 51 52 50 50 A8 - - (1.2)
. 2
- N &7 &7 48 48 46 45 %2 - - #:h
- i
% DISTANCE (H) DOWNWIND FROM SPRAY NOZZLE !
- o - = =
12 2. 2% e ] (DROPLET SIZES IN um)
) = = —
JEepg) 22| & B=| gE .
Slggzs| £g | € | 22| 28 s [ |2 |& | o»
ik w 3 S« 25 .50 1 2 4 !
g g EE| £ & ] g 2| 28 :
= Xx wv 3
«*TD/3HTS| 2612 [2585 |1884 [1592 Qp147 337 | 128 50 25 1151(1028) |
2 * yo/cn? | 871 1862 | 628 | 531|382 12 41 17 8 1 384(356) |
26.2
B . . .
= o B 2 162 28 27 26 30 28 0 | 25 22 120 (1.4)
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£anl 888 0F = 84z se | sa s3 56 s7 | _se | 55 | so |a7 Gan i
- 2
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*% TD/3HTS = Total droplets per 3 heights (35, 70 and 150 cm)

* MD/cnf

= Mean droplets/crf .
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Droplet total/cmz, VMD and NMD sampled on vertical targets

Table 21 r
at three heights (150, 70 and 35 cm) to measure doynw1nd_
drift of formulations sprayed with (A) 5.5 cm multiple—discs
(15 discs) (high flow rate) and (B) same sprayer (low flow rate).

(A) - B ‘§ = = DISTANCE (M) DOVNWIND FROM SPRAY NOZZLE
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x “"Eg > = g F =8 16 3z [13 {5D)
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*% TD/3 HTS = Total droplets per 3 heights (35, 70 and 150 cm)
L —_—
* MD/cm? = Mean droplets/cm?
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Appendix III

Table 21b) Percentage volume recovered downwind from spray nozzles
of water plus 57 wetting agent, water plus 207 Ulvapron
0il and Ulvapron oil sprayed with a 5.5 cm spinning disc
nozzles arranged as in column (2) below.
(Ref. Appendix III, Tables 20 & 21)
1 2 3 4 5 6 7
No. | Sprayer | Formulation | Mean Volume Relative
Drgplets VMD based on percentage of
cm VMDXN volume recover-—
- (4/3IIr3)XN/cf| ed downwind.
X (sd) . : -
um ‘um®
' 0
3.5 em |H)O+ 5ZTweac) 119 g6y | 43 | 46.6 X 105 16.3
Single
1B disc
HpO + 202 | 151 (123) 48 |87.4 X 105 30.6
Ulvapron :
1C Ulvapron 232 (137)Y 50 |15.2 X 10% 53.1
Totjal 28.6 X 106
ZA - f2.5> em | HoO + 57W.a4 35 (356) 46 |19.6 X 106 23.1
4-disc
2B - H, O + 207
 ufvapron 480 (415) 47 | 26.1 X 106 30.8
2C Ulvapron 597 (392) 50 39.1 X 10° 46.1
Total 84.8 X 106
34 |5.5 em  |'H,0 + 5%Zw.a.|2127(1823) 77 50.8 X 107 26.2
Multiple
disc 7
3B (15—discs)H20 + 207 [2879(2288) 82 83.1 X 10 42,9
High flow Ulvapron
3c rate Ulvapron  [3624(2188) 68 |59.7 X 107 30.8
Totdl -—— 19.4 X 108
LA 5.5 em HZO + 57w.a.R488(2076) 45 11.9 X 107 24.5
Multiple
4 |dise HO + 207 P783(2484) 47 |15.1 X 107 31.1
(15-discs) % : * '
Ulvapron
Low flow
4c Tate  lylvapron  P929(2488) 52 |21.6 X 107 444
Total - — 48.6 X 107
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Table 22 An overall three-way analysis of three formulations
(water plus 57 wetting agent, water plus 207 Ulvapron
0il and Ulvapron 0il) on droplet drifts involving
droplets/cm”/ml (Appendix ITI ,Table 19 A, B & ).

PRIMARY
DUL TO s0s DF VARIANCE ESTIMATE F LEVFL OF SIGNIFICANCE
(T) FORMULATION 3.0214 2 1.5107 & 4460 3.39 0.05>p>0.025
]
(G) NMACHINE 1.1578 3 .3859 " .86552 NS
(H) HMEIGHT 145,3157 2 72.6579 " 162.9 p<0.001
(TG) * 8316 6 .1386 -
(TH) 4.46L5 4 1.1111 " 2.49 NS
(GH) * _,8890 6 1482 -
(GHT) * 1.4904 12 L1242 -
TOTAL 387.3508 323 -
DISTANCE - 97.8366 8,304 12.2296 27,42 p<0.001
NEW ERROR * 132.3638 R 280 L4727 -
ERROR + INTERACTIONS * = 135.575 304 L4460
Divide all variance
estimates by this,
SUMMARY .

DUE TO s0s DF VARIANCE ESTIMATE F LEVEL OF SIGKIFICANCE
FORMULATION (T) 3.0214 2 - 1.5107 3.39 0.05>p>,025
MACHIKE (G) 1.1578 3 3859 .B65S ns
HEIGUT (H) 145.3157 2 72.6579 162.9 p<(.001
DISTANCE 97.B366 8 12.2296 27,42 p<0.001
FORMULATION X MEIGHT (TXH) 4.4445 4 1.1111 2.49 NS
1LTERACTIONS 3.211 24 0.1337 0.2997 NS

)
ERROR 132,3638 280 L4727
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S c
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Table 23 Droplets sampled on vertical targets at three different

(150, 70 and 35 cm) heights to measure downwind drift
of droplets of water plus 57 wetting agent and Ulvapron
0il formulations released 31multaneously with a 5.5 cm

4-spinning discs.

(Ref, Para. 3.2.2)
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Table 24 Three—way analysis of variance of A) water plus 5%
wetting agent and Ulvapron o0il droplets released
simultaneously with a 5.5 cm 4-spinning discs.

(Ref. Appendix III

-ZRLS  (F=THRLEWA)

DATA ROT FOQURD.

(111)

, Table 23)

2 x= .1 .087 .075 .06 ,057 .05 .03 ,0Z .01 .05 .47 .45 .35 .33 775
2 .237 .1 .025 3.5 3.1 2.75 2.25 2.0 1.5 .5 .062 .013 .15 .125 .075

2 .05 .025 .02 .013 o o .75 .625 .55 475 .4 .3 .1 .05 0 4.125 3.55

7 3.15 2,75 2,525 2.2% 1.0 .125 ©

7 KUHR=1 NH=9 NG=3 NI=2

7 60

PRIMARY:

DUE TO S0 DF VARIARCE ESTIMATE F LEVEL OF SIGHIFICANCE
(T) FORMULATIOR L3395 1 .3395 ¢ 0.7907 NS

(G) HEIGHT 37.8838 2 18.9419 44,117 p<.001

(1) DISTANCE 14,3642 8 1.7955 # ERROR = 4,1818 p<.05
INTERACTIONS

TG L4773 + 2 .2387

TH L1423 3 8 .0178

GH 17.2519 : 16 " LRROK 1.0782

GHT L1616 + 16 .0101

ERROR 0 0 1
TOTAL 70.6208 53 -

TOTAL INTERACTIONS '18.0331 42 L4294

SUICIARY

OUL TO S0S DF VARIANCE ESTIMATES F LEVEL OF S1GRIFICAKCE
FORULATION (T) . 3395 1 .3395 0.7906 * p<.05  KS.
HEIGHT (G) 37.8838 2 18.9419 44,112 *%%  pe 001

DISTANCE (i) 14,3642 8 1.7955 4.,1814 *%  p<.05
LRROR 186331 42 L6294 -

* s,
*%  SIGHIFICANT

**%  VERY SIGHIFICANT
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STANDARD OF ASSESSMENT IS BASED Ol PATTERSON, (1963) AND PERELIRA, (19n7)

Table 25 Deposition of spray droplets on Rhododendron leaves (Rhododendron lochae Muell.
of seven formulations (Column 2 - 8) sprayed with a multiple-disc sprayer (Plate 1)

(Ref. Para. 3.2.3)

(111)

¢6l
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Appendix

CONTROL OF ADULT AND 5TH-INSTAR LOCUSTS
(Schistocerca gregaria F.) WITH THREE ORGANO-
PHOSPHOROUS INSECTICIDES WITH REFERENCE TO:

A) TOXICITIES,

B) STUDY OF SPECTROPHOTOSCOPY OF SPRAY
DILUTIONS BOTH IN FLIGHT AND AT REST
(SUSPENDED) .



(A)

()

Table 26

194

Relativg levels of toxicities of propetamphos, etrimfos
and fenitrothion to (A) Schistocerca gregaria F. adult and

(B) ?th—instar hoppers, applied with a micro-capillary
applicator (Fig. 13).

(Ref. Para. 3.3.1)
D wplr, budy weipht (in oripins) srale)
hgpe Olhservation
Lo, Insecticide of Jest tire in 951 C.L, [ar E.O. 942 C.L. for L.D,
lecust hours S0z 181
! Tewer upper ¢ Jower upper
Froperarphics 12 6.4 5.3 1.7 15.7 12.1 23.4
1 (SAN 52 139) 15 20 5.7 4.7 6.9 13.9 10.8 20.%
VIV 22 a.i. days Contact 10 L6 3.7 5.6 T .7 16.4
(teetinieal) «2 42 3.8 5.2 10.4 8.0 15.3
Tenitrothion 1o B.b 7.2 1.7 21.1 161 35,8
vV oz 15 22 g1 6.5 10.1 19.7 148 1.3
2 (trchnieal) days Crntact 5 7.0 5.8 8.7 12.2 13.0 26.8
53 5.8 4.9 2.1 16,3 1.1 21.8
1ririos Tu 37,0 EXYRY [ EFRY 797.3 133,77 [171o.v
(SA% 197 1) 15 27 35.8 2¢.1 63.1 1£3.% 93.8 £21.4
3 WV 21 days Comtact 37 23.7 12,7 3.3 11e.1 b6.3 | 628.)
{techuical) 61 17.3 12,% 23.6 [ 314 267.7
Lirirfos 1t &Y. .Y yy.0 215.5 126,2 155¢.0
(SA% 197 1) 15 Contact 27 120 231 53,7 1782 £3.2 855.8
& WV ST ELCL days N 25.4 16,6 38.5 161,38 15,3} 385.9
62 16.2 11.2 22.R 90.5 52.1 301.9
Yerpetasphos 12 6,7 5.5 B.1 1,7 14,3 21.%
(SA 52 139) 15 Contact 20 5.4 '3 6.6 15.0 1.8 22.1
5 ¥/V 52 ELC, days ntac E%) “.h 36 5.7 12.7 9.6 19.1
W2 4.0 11 5.0 11.1 B.& 16,3
Fenitrothion 6 §.7 5.0 11,8 24,0 T18.7 348
NIV ST 13 27 8.6 7.0 10.% 21.2 16.6 30.3
3 (techinienl) days Contact 19 1.2 5.9 8.8 11,8 13.8 25.3
53 6.0 5.0 1.2 16.9 1.8 10.8
ED pp/g body weight (in ariginal scale)
No. Insecticide Age Observation
of time in 952 C.L. for E.D, 352 C.L. for E,D.
locust hours 502 +
+ lover upper lover |upper
Propetamphos 5th 5 12 15.8 11,3 261 5.4 183.)
(SAN 52 139) instar Stomach 20 12.4 9.3 1.7 32,3 135.9
7 WV 22 a.i. 3o 9.9 1.6 1).5 26.7 | 101.6
(technical) days &2 8.1 6.2 10.7 22.5 117
Fenitrothicn Sth 16 17.6 12.7 FE 38,17 1776
WiV 21 s.i, instar Storach 27 1403 10.9 20.8 32,8 137.0
8 19 12.¢ 9.8 15.0 29.9 116.7
doys $3 9.8 1.9 12.9 23.8 82.9
rrrirics Sth 16 [OX] “1.b 1021 P71 J151,2 {13810
(SA% 197 1) instar Storach 27 36.9 26.4 54,2 R2E.6 {126.B 702.1
5 vIV 23 ali. 7 27.3 19.2 36,8 [169.1 | 96.1 4ID.8
days 62 19.9 13.3 28,2 [123.5 | .2 14,0
Etrinfos Seh 0 75.7 5.9 Tey.7 peé.1 J163.1 [1786.0
(sa% 197 1) instar Storach 17 19.9 28.0 61.7 [286.8 16e.s |N12).0
10 W/V 51 E.C. - on 21,3 16.5 «0,0 J195.9 jios.a 661.2
days 62 19.6 12,5 28,5 |140.7 | 79.8 | 4248
Fronetahos Sth 12 22.2 Te. 8 39.6 50.3 | 338.4
(548 52 119) instar Stecach 20 13.9 10,4 20.8 L1 ) 180.%
1 VIV ST L.C. s 20 9.9 7.6 13.6 26,3 113
days L2 1.0 5.1 5.2 19.6 10.5
benstrothicn SUh b 1.3 13.¢ n.d (Y] 178.0
w/v 33 instar Storach 27 18,8 10.9 21.3 3.5 132.)
12 (technical) s 19 12.9 9.6 18.4 30.6 128.9
days 33 9.8 1.7 1).1 2.3 $1.0
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Table 27 Spray droplet deposition of shell-sol AB oil downwind
from spray nozzle.
(sprayer: multiple-disc, 8,000 rev/min, 150‘m1/min
i.e. 10 ml/disc/min, temperature and relative
humidity (19OC, 68%7) and wind speed, 3 - 5 m/s).

(Ref. Para. 3.3.2)

1 2 3 4 s 6 7 8 9 10 11 12
DISTANCE FROM SPRAY NOZZLE IN METERS
3 = PTION '
HO | PESCRIPTIONS .25 .50 1 2 4 8 16 32 64 128
al .
1 TOE . 1008 1355 1521 1859 2535 1183 845 39 7 ]
droplets A
, [droplets 161 216 243 297 406 189 135 6 1 0
/rm
3 WD 70 80 80 80 80 70 . 70 69 68 ]
4 %) 65 66 66 66 64 64 63 61 60 ]
5 VMD/NMD 1.1 1.2 1.2 1.2 1.3 1.1 1.1 1.1 1.1 ]
6 162 64 62 66 64 $9 60 60 58 56 0
7 17 S 95 97 94 93 75 78 72 77 76 0
VOLWME: '
8 | v (4/3 nr3)|18x10% | 27x10% 27x10% | 27x10"% 27x10% | 18x10% 18x10% § 17x10% 16x10% ]
I ym?
TOTAL VOLUME/ )
9 {om? . l29x10% ]ssx10® | 66x10° | sox106 11x107 | 343106 | 24x108 | 10x10% 16x10% ]
0.2XNo . 8
IN pm3
u!/«'cmz_
10 [NO. 9x107 " 2.9-02 |5.8-02 }6.6~02 8.-02 0.11 3.4-02 |2.4-02 1.-03 1.6-04 ]
1.B.tpm. 3=10-9m1
ut/u? .
11} (NO. 10X10%) 290 580 660 800 1100 340 240 10 1.6 (0]
mt fm?
120 (ND.1)) 0.29 0.58] 0.66 0.8 1.1 0.34 0.24 .01 .0016 o
(1000 )

(Figures in No. 8, 9, and 10 were rounded off to the nearest

decimal points).
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Table 28 Comparisons of LD50s (laboratory tests of insecticide
toxicities on locusts, Colum 2 - 4) with field spray
doses downwind (from multiple—disc nozzle, Column
2 and 5 - 14) for (A) adult and (B) 5th-instar hoppers,
Schistocerca gregaria F.

(A) - (Ref. Para. 3.3.2)
1 2 3 4 S 6 7 s 9 10 11 12 13 1L
e o DISTACE FROM SFRAY NOZZLE 1N METERS.
2 1 5% | oo 25 | 0 |t | 2 | & | e 16 | 32 | e s
ND .
g éé‘% ve/c FIELD SYPAY DOSE upfem?
1872 o] eofoes 1 m | na 25} 30 17—-14;-«
- : =1 > > < <
12 6.7 | . 7.0 0o > (12.9)] > (12,8 (5.5) (1.9) (0.2)| ~ (0.03)
2 2 s.678 |, (5.3) |, (10.5)|>(12.2) | > (ale) | > (20, ¥ 7 (6.D) OO IR (3T (o.o:)( o
1 & ou v
E > 30 sz Poe.s) |2 o] asy {Poen | @9 .y | T .| < 0.2y f (0.03) | 0
g > > > > > < < ‘ o}
& L2 w2 oy | aen sy (19.6) (26.9) > (8. (5.9) (0.2)]  (0.08)
> > < < 0
16 8.837 P .0 |7 we|” am |7 G0 (12.9J (6.0 | (2.8) (1)) (0.02)
E > ’ > > > ‘ ‘0.0 io
S ul o2y sos0 P oo.n |* aue|” ey [Taon |t ol (3.1) .1 (0.02)
= e
? gz > > > > < < R lo
e s 39 7.013 P (L3 |? (B.6) |7 (9.8) (11.8) 6.3 5.9 3.0) (0.1)| (0.02)
= - 5
2 53 5.867 | (5.1 [> gu.n [P ane [raa2 i 0957 (5.9) (4.3) | ¢ 0.1 ]" (0.03) l_r
I A I R N SRS . P
16 59.62  |¢ (0.5 a0l an |7 aol” a9 e | e | ©o2 w.00n |
| o
27 36.19 c .0 > w.e |’ a9 |7 a.» T GO ‘.o | “ .8 | (0.03) (0.00%)
3 o]0
2 ~ 37 23.69 L 0wy s @ 2o |2 e [r s ausy | > au e (e.0u)c (0.007)
= >
- e -
E = 62 17.27 a.n P e P e |7 s P o ee|? (o) |7 .8 N (0.06)‘_50;30'{)_37
(B) 1 2 3 4 5 6 7 8 - 9 10 11 12 13 '14
a g DISTANCE FROM SPRAY ‘rOZZLE IN METERS, l
2 ZE | oo 25 | o | 1 | 2 | s | 16 | 32 | e o
. o>
o g ;gé ue/g FIELD SPRAY DOSE wg/em? l
z =2r2 30 60 49 £ 1 19 25 1.0t 17 lr;
. \ > < <
12 .81 | o[> ae > Gy |6 |Ta. > (2.2) (1.6) (0.0} © (0.01)
- > < < [¢]
§ 20 1261 b (2.0 1> (6.8) 1> (5.6) | T (6. 7) >9.2) |7 2.8 (2.0) (0.08) (o.on\
I § S " P p ' N
& § 2 30 s.931 P ol |7 6o |G > 3.5 (2.5 (0.1) (0.01)
§ g > > > > < 1 < (0.07) ‘ ¢}
e 42 8,124 P (a.n | (7.0 > (8.5 (10.2) (14.0) (&.3) 3.1 (0.1) -02
) )
16 el Poan |t e |2 69 |7 en > .| .o | Ta.e | C .06 (o.on‘
- i > < < [v]
2. 27 1.3 P 1?2 " we |Pee |7 anl’ @ (.n 0.07) (0.01)‘
5 = ~
5 > < < (o}
?- i 39 12.83 P (2.3 (> . |7 (5.9) T T R G N A 3D (1.9) (0.08)1" (0.01) l
5 ]
2 . a0 b on s e |7 v [2eo |7 ane” o6 ] a2s | w.n | a.n l,,,
= es | ol ) N o « < < |0
] 16 w2 ¢ 0| ©o P an [Paw |7 a9 < 0.6y | “(.%) (o.ozAJ (0.003)
. : - -~
27 k.89 | (0.8 {> .6 > () |2 (2D > @Gt | Gn | on (o.oos”
H
8 6.2)|> .3 | «0.9 (0.0 |« (©.c06)}0
6 g i 37 2725 b .0 |s> e by |2 e [ e < %
£ 3 .05) |« to.003]o
e o s |Pey |oeap e l >(1.3) |< t0.0
5 62 19.93 r (1.5) |> €(3.0) < (o

e.g. Dose calculation:
30 ug at a distance of 0.25 m
= yl X density of formulation X 10
.029 (Appendix IV, Table 27 line No. 10) X 103
30 ug etc.

3

N. B. Figures in parenthesis show field dosage levels as compared with
LD50 (Column 4) obtained in the laboratory with micro-capillary
applicator.
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Table 29  Quantity of spray solution of 1% waxoline red dye
in Shellsol-AB o0il collected by both adult male: and
female locusts (Schl-stocerc_a gregaria F.) (A - E)
(Ref. Para. 3:3.3)
(A)
CONDITION OF LOCUSTS IN FLIGNT AN 1Al € SPEN HLAN A
. (5p) Pt LOCUSTS AT KUST (SUSIENDED) fres) (sD)
| evzay
UANTITY OF
q 0.29 &l/=? 0.29m1 /2
SI'RAY
v dl
sex gl o] ¢ o ¢ d ) sl |dtiolole d o)
WEICGHT OF LDCUST 2,35 3.6 -1 2.36 3.62
1N Cravs 2.16) 2,60 2.30} 3.E0| 3.30]3.70 (.21) (.36) 12,12 J2.58 J2.60 Ji3.72 | 3,51] 3.62]) (0.17) [(o.11)
ALSOREANCE ) . -21 .36 .16 0.23
0.19| 0.25| 0.19} 0.3g} 0.32 | 0.38 (.03) .u3) {lo.12 {0.19 Jo.12 0.32 | 0.25{ 0.32] (0.04) |io.00)
I CONCENTRATION 3z04 5:04 3-0¢ §s04
304 L-0L| 37044 £-06& ¢ 5704 | 6704 (6-03) (6-05) 2704 }3:04 {2:04 {5:04 LxDL 5704 (1:04) {5=05
QUANTITY OF SPRAY 0.58 p1/=? 0.56ml /2
VEICHT OF LUCUST 2.55 3.93 A 2.59 .
1K CRAMS 2,55] 2.71] 2.38) 3.95] 3.85 | 4.0 (0.17) (0.08B) }i2.60 {2.75 [2.42 4.0 3.9 | 3.8 | (D.18) j{O.1)
ABSOREANCE 0.48 0.62 0.25 .S
0.5 ] 0.5 | 0.44f 0.63| 0.60 10.65 | (3.402) (2.5-02310.25 }0.26 ]0.23 llo.5 0.5 } 0.5 (1.5-02) ] (0)
1 CONCENTRATION . 8:04 1703 5504 804
8z04] Bz04{ 7:04] 1:03| 1503 | 1x03 | (6=05) (0) S:04 |5704 |S-04 ||8:04 | 8-04{ Bz04| (O) 0)
(B)
CONDITION OF LOCUSTS 1N FLICHT IEAN MEAN . EHDE MEAN MEAH
SPRAY (s1) D) LOCUSTS AT REST (SUSI'ENDED) (sm (5D}
UANTITY OF
¢ SIRAY 0.66 mi/n? 0,66 m}/n?
sx gl o| ) 9| o] 2| ¢ e S| Ffdtelele] I |¢
2.37 3781 2.13 ?'a*
VEICHT OF LUCUST| 2,351 2.30 { 2.52f 3.72{ 3.82{ 1.89 (0.19) (D.09)}j 2.25{ 2.16 {2.40( 3.80 3.82¢1 3.84 (G.12) 0.02
IN CRAMS
ABSORBANCE : 0.53 0.63 .26 0.5
0.5] 0.5 0.6; 0.63] 0.63) 0.63 (0.06) (0) 0.25)0.26 |o.27 o5 0.5 0.5° Q1=02) ()
2 CONCENTRATION 8:04 1703 304 bz0D&
8-04 8-04 | 9-04] 1-03] 1503] 1502 (6305) (0) 5704 | 5704 J6-04 | 804 | Bz04]| Bz04} (b:05) | (0)
QUASNTITY OF 0.8 I
STEAY 0.8nl/c? e1/c
VEIGIT OF LOCULT 2.55 3.79 2,51 3.38
Lé CRAMS 2.50 | 2.60 | 2.55; 3.92] 3.96] 3.50 (0.63) (0.25)}] 2.41 [.2.50 [2.62 § 3.70 | 3.15] 3.30{ (0.11) | (0.28
AZSURCANQL 0.063 1.3 .38 0.Y5
0.6310.63 | 0.63; 1.3] 1.3} 1.3 (0) (V] 0.38 | 0.38 {0.38{0.95 | 0.95] 0.95 ©) )
I CONNTRATIGH | 1 e 2203 L L 60t }1.5-03
1703 [ 1703 [ 1:03) 2:03( 2:03{ 2:03 (0) (0) &-0L | 6204 [ o0t ..5:0311.5:n 1.5:0 ) (0)
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cont.
(V)
Table 29 Quantity of spray solution of 1% waxoline red dye in

Shellsol-AB o1l collected by both adult male and female
locusts (Schistocerca gregaria F.) (A - E)

(©) (REf. Para. 3.3.3)
CosuITIUN OF LOCUSTS 1 FLICUT YEAR HLAR ’— LOCUSTS AT REST (SUSI'LEDED) NEAS IIAK
SPEAY (sD) (50} (sD) (D)
QUANTITY OF .
STRAY bolml/e? Y.t fe
——
six S| I ) o] o] 9| ¢ S| S|gte|lele]| ¢ |9
— —_—
SLICHT OF LOTUST 2.6 3.84 i 2,41 3.7
158 CRAMS 2.40 |2.50 [ 2.50] 3.72} 4.0 |3.81 (0.06) (0.14)]| 2.30 [ 2.42 |2.52 |{3.70 | 3.86) 3,72} (v.11) (.08, 3
. 0.63 1.20 0.5 .95
AESORLANCE v.63 {0.63 | 0.63] 1.26| 1.26]1.26 (o) () 0.44 J0.-3 J0.63{0.95 | 0.95] 0.95( (u1) (0)
1703 2:03 9:04 L5203
2 CONCENTRATION 103 {1:03 | 1s03] 2703} 2503 | 2503 (0) (v) 7-04 {1-03 {1~D3 |1.5z03} . 5:03}.5z03 (1.2-0¢ (v)
- S S . B [ Jo
SUATITY OF . P
SFRAY 0.3tc1 /2 0.34ml/m
_— i
VLICHT OF LwLsT s 2.35 3.64 2,47 3.73
1E CRAIDS 2,200 2.3 | 2.54 3.76] 3.60] 3.55 (.18) (0.11)]] 2.¢0{ 2.5 | 2.52{ 3.8 | 3.74] 3.65] (0.0&) (0.08
.25 0.33 0.1y 037
AESORBANCE 0.251 0.25} 0.2% 0.38] 0.38( 0.38 (0) (V) 0.19]10.190,19l0.32 | 0,32} 0.32 (0) )
. 4704 604 ] 3:04 R
I CONCLWIRATION | 4708 ] 4s04 | 404 6sD4| G304 6504 (o) (0) 3:04 | 3704 | 3z040 5208 5-n4) 5704 [{8)} ()
(D)
. A - ; 'SPEN AR MLAN
COnDITION OF LUCUSTS IN ¥LicHT MEAN MIAN LOCUSTS AT RUST (SUSPELDED) pr e
SIRAY ' (sp) (sD) .
QUANTITY OF 2
SI'RAY 0.24ml /P 0, 2401 /o
sex s| | g| o} o} 9| ¢ ol F|d|djeleje| ¢ e
2,48 3.88
VE1CHT OF LOCUST 2.71 3.9 ) .
1IN CRAMS 2.72 [2.80 | 2.60] ¢.0 | 3.98]3.72 (0.1) 0.16) |} 2.00 |2.30 f2.61 [J4z03 | 3z86] 376} (0.15) | (0.14)
. . . 0.23 0.31 0.17 0(-)75
ABSORDANCE 0.25 [0.25 | 0.19f 0.31{ 0.3 J0.31 | (0.03) ) Jlo.1y fo.19 j0.13 {ln.25 0.2510.25| (0.03) | (O)
- 4=04 5:04 . 3-04 ?:Il)u
2 CONCENTRATION | 4504 14304 | 304} 5<04] 5504 | 5504 (6505) ) 3:04 fz0L  |2704 [|4504 | 4504 | 450 (6:05)
QUAKRTITY OF 2 . .01l /r?
SPRAY .01ml fe
. 2.5 3.77
VEICHT OF LOCUST | - . 2.60 3.71 .
IN CRAMS 2.71 |2.50 | 2.60| 3.69| 3.57 | 3.86 0.1 0.15 2.60 $.15 [2.75 [13.96 | 3.60] 3.7¢f 0.31 0.18
ABSORBANCE - - - - - - - - - - - - - - -
I COUNLENTRATION - - - - - - - - - - - - - - - -
(E)
CONDITION OF LectsTs 1n FL1GHT 1ZA% FILAN 1OCUSTS AT REST (SUSI'ENDLD) ITAN HUAN
sp sD sn <n
STFAY
UANTITY OF 2
hiatits 0.0016z1/8% 0.001 6wl /u
: | d
stx gl c| gl el e o] 9 e | d|d|Tle|e|? e
2.62 « | N | 2.60 | 3.77
VLICHT OF LOCUST . P : .72 .1 0.0
N cw‘.-:s 2.75 | 2,00 2.%) 4.0 &.0% 3.96 0.13 0.05 | 2.5002.60 | 2,71 3,76} 3.82}1 3
R A I NS I - -
AESOPEANCL - - - - - = - - | :
i
PR - T i i - : i} ; N
1 CONQLNTIAT I - - - - - - - ) i
—_—— T l__— e e '-‘-_'—..___ e A Tt
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(1) Sidney Siegel, 1956)

REJECT KULL EYPOTEESIS

DIFFERENCE

Table 30 Friedman's(l) two-way analysis of variance by ranks of
(Table 10, Para. 3.3.3) results of spectroscopy 1l.e.
percentage of spray dilutions washed off from male
and female locusts (S. gregaria F.) in flight and
at rest.
(Ref. Para. 3.3.3 & Appendix IV, Table, 29)
DISTANCE SPRAY 0 0 9 Q
FROM APPLICATION
Xo. SPRAY ol/c? IN AT N AT
NOZZLE  (BEPLICATE) FLIGHT REST FLIGHT REST
() (SUSPENDLD) ( (SUSPLYNDED)
1 .25 .29 L1 (2) .10 (1) L1731 17 (3D
2 .50 .58 L4 20 .09 (1) 17 (4) <14 (20)
3 1 .66 .12 (2 .08 (1) .15 (W) 12 (2D
4 2 .8 L13 (2) .075 (1) .25 (4) .19 (3)
s 3 1.1 .09 (2) .087 (1) .18 (&) L4 (3)
6 8 .34 .12 (2) .088 (1) .18 (&) .15 (3).
7 16 .24 17 (2) .17 (2) .20 (4) 217 (2)
- - - (FIGURES IN PARENTHESIS ARE ROW RANKS).
t ranks 15 8 271 19.5
(er)? 225 64 756.25 380.25
1ST. STEP
NULL HYPOTHESIS IS THAT THERE IS NO DIFFERENCE BETWEEN THE COLUMNS,
e(er)? 1425.5
x2 = 12 e(er2) ) - 3K (K+1)
TRE(EALY
K IS XO. OF ROWS = 7
K IS KO. OF COLIMAS = 4
12 IS A CONSTANT
X2 =( 12 x 1425.5) - 3 x 7 (5)
7x6 (59
Xr2 = 122.186 - 105
Xr2 = 17.186 P<0.001 )
VERY SIGWIFICANT ..
&.syep T T T T T T -
e © 9 9
1N FLIGHT AT REST DIFFERENCES RANES 1K FLIGHT AT REST
.11 .10 0.01 2 .17 .17 )
L14 .09 0.05 5 .17 L4 0.03
.12 .08 0.04 4 .15 .12 0.03
.13 .075 0.055 6 .25 .19 0.06
.09 .087 0.003 1 .18 J14 0.04
12 .088 0.032 3 .18 .15 0.03
.17 .o17 0.153 7 .20 W17 0.03
T=0
T =0
P<0.01
P<0.01
(N. B. spray dilutions used = waxoline red dye)

RANKS

2,23

[ X}
[
w

~

(&
kel

ry
o

18]
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Appendix

CONTROL OF POWDERY MILDEW (Erysiphe graminis DC)




Fig. 9
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Inoculation chamber for powdery mildew  (Erysiphe graminis DC)

(Ref, Para. 2.8.3.1)
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Fig. 10 Randomised field plots

(Ref. Para. 2. 8 3.2)
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Summary of experimental results of relative yields
of pot planted wheat cultivar Maris Kinsman treated
against powdery mildew (Erysiphe graminis DC) with
triadimefon fungicide and other methods.

(Ref. Para. 3.4.1)

RAKDOMISED —- TREATMENTS
(A1~ A4) (B1~ By) (Cy~ Cy) (D1- D)
CDA DS CON . HV
ML = 13 17 = 0 HZ = 33 ML =9
3.3 3.8 3.0 3.2
3.4 4.0 2.9 3.5
1 3.6 4.5 3.0 3.6
3.5 3.3 2.9 3.3
€ = 13.8 € = 15.6" € ~11.8 €= 13,6
X = 3.5 x = 3.9 x=2.95 {x= 3.4
CDA CDA coN DS
M~ 11 MZ = 10 Ml =35] MX=0
3.2 3.5 3.0 3.9
3.4 3.7 2.9 a.5-
11 3.5 3.8 2.6 3.9
3.3 3.4 2.7 3.5
€ = 13,4 e = 14.4 € ~11.2 . €= 14,8
x = 3.1 X~ 3.6 Xx=2.8 |x= 3.7
CDA (7 Hv DS-
MZ ~ 10 ML - 10 M =-11] M =0
3.6 3.6 3.5 4.0
3.7 3.3 3.3 3.4
111 3.1 3.5 3.2 4.0
3.6 3.7 3.5 3.4
€ = 14,0 e = 14.1 €~ 13.5 € = 14,8
X = 3.5 x = 3.5 x= 3.4 Jew 3,7
CDA Hv CON DS
M =9 MZ ~ 11 M = 37 MI = O
3.5 3.4 2.9 3.9
3.4 3.3 2.8 3.4
v 3.3 3.3 3.0 4.0
3.5 3.2 2.6 4.1
€= 13,7 ¢ ~13.2 € ~11.3 € = 15.4
x = 3.4 x = 3.3 x~-2.8 |x= 3.9

(Yields are in grammes per pot)

(For treatment abbreviations, refer to page 17)



204
V)

Relative yields of pot planted wheat cultivar Maris

Table 32
Kinsman sprayed with triadimefon fungicide and other
methods against powdery mildew of cereals (Erysiphe
graminis DC).
Group I (Ref. Para. 3.4.1)
1 2 3 4 s 6 7 8 9
~ ~ =
£ g s. |E s 3-8 %=
=5 - 05 e © —~ — O} < %
g © 0w [ %3 .13 % I B 5
e - ) e [ =] S o . © n o = o ~ | <
Ly s =8 z 3z = = w3 w o g mw E] ~ [T
= p o= @ 5 1 mg ,9" (%] ~ H O = o~
= o © < O E )
& et 855 O = e, o= © [ZHT] I g —| — Is
£ 3 =0 28x |28 |28 |8z ]3¢ 8/l2| 88 Vg |A
=) 3 =z SED | ¥ |88 |8 |8, v~ | 23, =~
[ =} oW <K < z8 = ><E S2 &
Al 13 52.1 5 18 3.3 3.3-03 3000
A2 15 S51.4 5 18 3.4 3.4-03 1090
A3 12 53.2 5.5 | 20 3.6 3.6-03 3272
coa | as 12 53.1 5.8 | 21 3.5 3.5-03 3182
€ 52 209,8 21.3 12 13_8 1.38-22 12544
% 13 52.5 5.3 | 19 3.5 3.45-03 3136
Bl ) 59.4 7.0 | 26 3.8 3.8-03 3455
B2 0 60.6 7.5 28 4.0 4,0-03 3636
DS B3 0 61.5 8.2 | 3 4.5 4.5-01 4091
Ry 58.6 6.1 | 22 3.3 3.3-03 3000
€ - 240.1 | 28.8 |107 15.6 ° 1.56-02 14182
x - 60.0 7.2 27 3.9 3.9-03 3546
c1 35 39.2 ‘4.1 | 15 3.0 3.0-03 2727
c2 29 43.4 3.6 | 13 2.9 2.9-03 2636
cox c3 41 35.3 4,1 | 15 3.0 3.0-03 2727
c4 26 44,5 3.5 | 13 2.9 2.9-03 2636
€ 131 162.4 ] 15.3 | 56 |11.8 1.19-02 10726
P 33 40,6 3.8 | 14 2.95 2.97-03 2682
D1 10 54,1 s.. | 20 3.2 3.2-03 2909
D2 9 55.0 5.8 | 21 3.5 3.5-03 3182
Hv D3 s 57.0 6.0 | 22 | 3.6 3.6-03 3272
D4 11 53.8 5.5 | 20 3.3 3.3-03 3000
€ 3s 219.9 {22.7 | 83 |13.6 1.36-02 12363
x 9 55.0 5.7 | 3.4 3.4-03 3091

*% POT AREA = 113.97 c=? = 0.011c2

* 1kg

= 1000 GRAMS

(For treatment abbreviations, refer to page 17)



205

(V)

(For treatment abbreviations, refer to page 17)

* lkg

= 1000 CRAMS

Table 33 Relative yields of pot planted wheat cultivar Maris
Kinsman sprayed with triadimefon fungicide and other
methods against powdery mildew of cereals (Erysiphe
graminis DC). (Ref. Para. 3.4.1)

Group II :
1 2 3 4 5 s 7 8 9
- ~ '™
A = b 8 488«
=z o fa. = [ 3nd =2 o
El z=% = |°2 | £ 2 ~ ol 5. °5 14
g WO wn = O . 13 ”n i x| 3 5
[ w =] B=zE S = S wa e g 2 L=
oy = = [ J 58 vy E [&
- L P T Hg — 03 9 g o, o~ O 3 e
g:_ 5 g = E =5 8 — J O . «}] O < ¥ O B ™
= " aa e g | 2w A2 188 8l 5= |2 |8
< -3 — é (&4 é !G é =1 _ = O] —~ Qo o
=] 5 =z 252 | B |8 g8 Y 2. E| C
= B e =38 =3 =8 = na S22 &
Al 13 52.7 4.9 18 3.2 3.2-03 2909
29 8 55.6 5,2 19 kWA 3.4-03 091
A3 12 33.1 5.4 20 1.5 3.5-03 3182
chA m 10 54.0 5.1 19 3.3 3.3-03 3000
€ 43 195.4 20,6 76 1134 1.34=02 12182
x 11 48.9 5.1 19 3.1 3. 35-03 3046
Bl 10 54.4 5.8 21 3.5 3.5-03 3182
B2 9 55.2 5.7 21 _ 3.7 5.7-03 1364
CDA B3 12 55.2 5.9 22 1.8 3.8-03 3455
B4 10° 54.5 5. 21 3.4 3.4-03 3091
€ A 219.3 23 85 14.6 | 1.44-02 13092
x 10 54.8 5.8 21 3.6 3.6-03 3273
c1 26 4.4 4.3 16 3.0 3.0-03 2727
c2 36 38.4 4.1 15 2.9 2.9-03 2636
coN c3 39 36.6 3.7 13 2.6 2,603 2364
c4 kY 37.3 3.9 14 2.7 2,7-03 2455
€ 13y 159.7 16.0 58 11.2 1.12-03 10182
x 35 39 4.0 15 2.8 2.8-03 2546
D1 0 62.5 7.3 25 3.9 3,9-03 3545
D2 0 63.4 6.5 24 3.5 3.5-03 3182
DS D3 0 60.0 7.1 26 3.9 3.9-03 3545
D4 0 61.3 6.5 23 3.5 3.5-03 3182
c - l247.4 27.4 98 14.8 1.47-02 13454
x - 61.9 6.9 25 3.7 3,7-03 3364
#% POT AREA = 113,97 exf = 0.011x?.
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Relative yields of pot planted wheat cultivar Maris
Kinsman sprayed with triadimefon fungicide and (?ther
methods against powdery mildew of cereals (Erysiphe

graminis DC).
(Ref. Para. 3.4.1)

1 2 3 4 5 6 7 8 9
— - —~
v —~ « B ~ u.s
= S w P = =- 8l °=*
jond — B - o= (o} [=} ~ — (3 4 e
5 | 83 | x5 5= =oTra T x| 8B (4
= = s =k | Sz |2« |H2 | E S Bw B S |G
= = o< — L} [ coom o~ HO 2l
1o é a! = L} 1 23] e, . é ] o <= Of B ~
o~ = O e O o= [&) tnh O v JIfm — e @ |
£~ = i é = é = %] =1 Qo ol o g A —
< o oo S 6 {=a 2= | a2 82 & S
é £y = E ;: = g = § 2 Ly o~ 3 e i < .
= =) v 5 2EE [24 | =8 = SE 52 &
Al 8 55.2 6.0 22 1.6 1. 6-03 3273
o 12 52.8 6.2 23 3. 3.7-03 3364
A3 9 51,0 5.2 19 3.1 3.1-03 2818
Cba Y 12 53.0 6.1 22 3.6 3,6-03 1273
£ 41 212.0 |23.5 86 14 1,4-03 12728
> 10 53.0 5.9 22 3.5 | 3,5-03 3162
B1 10 55.1 5.8 21 3.6 |__3.6-03 3273
B2 13 52.4 5.5 20 3.3 3.3-03 3000
CDA B3 9 54.5 5.8 21 3.5 3.5-03 3182
B4 .9 54.6 5.9 22 3.7 3.7-03 3364
€ 41 216.6 | 23 84 14.1 | 1.41-02 12819
x 10 54.0 5.8 21 1.5 3.5-03 3205
cl 7 55.9 5.9 22 3.5 3.5-03 3182
o 12 52:8 5.6 21 3.3 3,3-03 3000
Hv 3 12 53.5 5.3 19 3.2 3,2-03 2909
ct 11 52.8 5.9 21 3.5 3.5-03 3182
c 42 215 22.7 83 13.5 1.35-03 12273
x 11 54,0 5.7 21 3.4 3.4-03 3068
D1 0 62.3 7.5 29 4.0 | 4.0-03 3636
D2 0 63.1 6.1 21 3.4 3.9-03 3091
DS | p3 0 61.0 7.4 27 4.0 | 4.0-03 3636
DL 0 59.2 6.3 22 3.4 3.4-03 3091
€ - 245.6 27.3 99 14,8 | 1.53-02 13454
x -] ers 6.8 25 3.7 | 3.83-03 3364°

*% POT AREA = 113.97 ex® = 0.011c? .
* kg

= 1000 GRAMS

(For treatment abbreviations, refer to page -17)
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* lkg

= 1000 CRAMS

(For treatment abbreviations, refer to page 17)

Table 35 Relative yields of pot planted wheat cultivar Maris
Kinsman sprayed with triadimefon fungicide and other
methods against powdery mildew of cereals (Erysiphe
graminis DC).

Group 1V (Ref. Para. 3.4.1)
1 2 3 4 s 6 7 8 9
-~ ~ -
. wm ~ -« j=] Al v O
S0 B Llsl B | 2853
= == = [N -9 —~ L e =
21 E0E |22 85 |xela 12| algli |3
jnd 1w [&] v = w = et 1w [R] g wwv E| -~ &
= l: !:5: w»—dg ™ w e n.g oor o~ O TN
E— ] 35 C = o= o~ w6 Ve e 3> 2l E Y
b= 3 =26 2B |35 |28 | 5= | 32 82| 8% ~3 |
=] o =z HES |[BEE (B (8" (82 - 2a F
o = W < 2 b - 2 - W > Pl [
Al 55.0 5.8 21 3.5 3.5-03 3182
o 10 54,2 5.7 21 3.4 3.4-03 1091
A3 10 54,3 5.6 20 3.3 3.3-03 3000
com " 8 55.1 5.9 21 3.5 3.5-03 3182
c 37 | 218.6 23 83 | 13.7 1,37-02 12455
x 9 55.0 5.8 21 3.4 3.4-03 3114
Bl 10 56.0 5.7 20 3.4 3.4-03 3091
B2 13 52.2 5.5 20 3.3 | 3.3-03 3000
HY B3 10 53.8 5.6 21 3.3 | _3.3-03 3006
B4 9 54,9 5.3 19 3.2 3.2-03 2909
€ 42 | 216.9 |22a 8o |13.2 1.32-02 12000
x 11 53.7 5.5 20 3.3 3.3-03 3000
c1 35 39.0 4.1 15 2.9 | 2.9-03 2636
c2 35 39,4 4.0 15 2.8 | 2.8-03 2545
CON c3 29" 42,7 4.5 16 3.0 3.0-03 2727
ch 48 31.2 3.3 12 2.6 | 2.6-03 2364
c 147 |{152.3 [15.9 s8 |11.3 | 1.13-03 10272
x 37 38.1 4.0 15 2.8 | 2.8-03 2568
b1 0 59.2 7.2 26 3.9 | 3.9-03 3545
D2 0 57.5 6.3 23 3.4 3.4-03 3091
DS
D3 0 60.2 7.5 27 4.0 | 4.0-03 3636
Dé 0 62.3 7.6 28 4.1 | 4.1-03 3727
< - |239.2 {zs.6 104 15.4 1.54-03 13999
x - 59.8 7.2 26 3.9 | 3.9-03 3500
®% POT AREA = 113.97 ce? = 0.011=2 .
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)
Fig. 11 Histograrams of individual 957 confidence interval for
level means of yields of four randomised pot planted
wheat cultivar Maris Kinsman based on Pooled Standard
Deviation of (A to D) i.e of four separately randomised
treatments.
(Ref. Para. 3.4.1)
(A) POOLED ST. DLV, = .274
- Fommm————— fm———— e ——— e —— Fmm e ——— o ——— +
COA ]¢¢‘90§90010+§00A¢0+I
< ]00$00&+00]¢00&¢000¢]
CEP Jevostorseletrrrerns]
HU' IS E R R S ]
G ————— e ———— e e Bkttt Fomm +
2.40 2.70 3.00 3.30 3.60 3.90 4.20
(B) POOLED 5T. DEV. = .203
o e e R o e e e +
COR JvootTdeve]
COUN J4+sesrclvrevtees]
D5 Jesosselooteeis]
e B F e e R Fm e e +
2.40 2.70 3.00 3.30 3.60 3.90 <4.20
[92]
H .
- (C) PDOLED ST. DEV. = ,238
=1 pm———————— F e Fm e Fo——————— e +
CDA Jeserstttrtrrlrrttirritry]
S HU  Te2e442424300c404]2e0%0bidbéroyrresl
) DS Je+éttrer sttt bttt s ottt btrbsrense]
Fom e Fm—————— Fmm e e e +— + +
3.10 3.25 3.40 3.55 3.70 3.85 4.00
<<
=1
A
)] PODLED ST. DEV. = .188
Fmm e — o R aatar o ——— Fom e B +
DA T++sses]retean ]
'HU Jretsss]everes]
CDX JTedtesveot]revres]
oS Jestsrelrrssin]
o o ———— o ———— Fmm e — Fmm e +
2.40 P-70 3.00 3.30 3.60 3.90 4.20

YIELDS IN GRAMS PER POT
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Table 36 One-way analysis of variance employing a Minitab computer
of 64 pot planted wheat cultivar Maris Kinsman pooled

according to treatment.

(Ref. Para. 3.4.1)

CaOur DS CDA HV CON
CONNT 16 24 12 12
Fon

1 3.30000 R.3IN0AN 3.200n00 3.00000
4 4. n0nnn 3.40000N 3.50000 2.30000
2 4. 5nNnnn 3.&0000 3.6000N 3. 00000
4 R 000N 2.5000n 3.30000 2.20000
= 2.9000n0n a.enann 3.5000n 3. 00000
) R.50000 2.40000 3.30000 2.300n00
ral R.F0000 3.50000 3.20000 2.A0000
=1 S.S0000 Z.z000n 3.50000 S.ronnn
9 4. 00000 250000 2.40000 .00

ta 240000 2.7000n 3.3000n 2.20000

11 4. 0nnnn 3.2n0np 3.30000 2. 00000

12 2.4000nN 2.4n0nn 228000 2.5800010

13 R.[0000 2.E0N00

14 2.400010 R.O000N0

5 S.000n I 100000
1A 4_t1000n S.A0000n
v ) F.e0000

12 R.3IN0AON

1= R.ENO0O50

20 270000

21 3.50000

22 2.400060

] R.FIOGO0

24 I.S00a0

% aown . DS CDA HV'  CON

AHARLYIIS OF VARTAHCE

DUE TO DF

T O
oW

LEVEL
DS

HV
‘CON
FODLED ST. DEY. = a1z

o
-y T T

o
[

INDIVITAL 95 PERCENMT 2. 1. FOR LEVEL MEAME
‘ERTED ON FOOLED STANDGAFD DEYIATIOND

Jeeeoeee]

DS
CBA Jesefese]
T . JosesTosres]
H\ [esesTooee]
CON fm—— e ——— o —————— +———————— Fome - Fm————————
= g o.an 2,20 2.45 .70 2.99 4.0
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Table 37

T-test for comparisons

V)

of yield differences between

any two treatments of pot planted wheat cultivar

Maris Kinsman.

(a)

(Ref. Para. 3.4.1)

Yuns CDA IN
H = g3 MEAR = SET.DEY. =
CDA H = 1z MEANR = ciic ST.IEY. =
AFFPFON., DEGREES DF FREFEDOM =  E7
A SS.00 FPFRCENT C.T1. FOF nul-pus IR ¢ 00T LSO
TEST DF MU = MUE WS, MUY HUE. MUE
T = F.195
THE TFRT IS SIGHNIFICANT AT . 0270
(B)
THDE DS CDA
DS H = 1& MEAH = 3.TETS ST.ODEY. =
1= 3 MERM = 2.475 =T, Ve = .
CDA t 3 MEAN 4TSN T.DEN 1
AFFREN:. TFGRFEES OF FREEDNODKW = 20
H 5,00 FERCFHTY .. FOR MUI-pLIZ IS ¢ L1E3T LS01ED
TEZT OF My = M@ v, MUl H.E, MUz
ST = A.4a%
THE TE=T 1% ZIGHIFICANT AT Lonze
C
() +um= DS CON
DS H = 16é MEAH = ST.IEY. = <224
: H= 1z MFAN = RT.IEY. = . 132
CON.
ARFFED). DEGFEFS OF FREEDDOM = 21
A 95.nn FERCENT .1, FOR MUI-MUZ IR ¢ . C2GEN LEELEDY
TERY DF Ml = puE WS, M1 HOE. MUz

T 4. 025

THF TFZT IR

SIGHIFICHNT AT

Lnong
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Table 38 A Bimodal (BMDO7V) multiple range test arrangement for
analysis of yields per pot of wheat cultivar Maris

Kinsman.
(Ref. Para. 3.4.2)

JOB(UMLZS13,J1)
PASSWOK(ANALSPG)
NETFILECINPUT,RUN=ULCC,0UT=1CCC/SW)

77879 = FEHD OF SECTION

JOB(UMB2S13,J3)
ATTACH(BMDOTV,H84D0O7V, ID=PUBLIC)
BADOTY,

7/8/9 ~ END OF SECTION

PROBLF;GROUPL 40 40 O

SRYS1Z 4 4 4 4

LABFLS 1 CDA 2 5T 3 CON 1 HY

(4F5,.0)

3.3 3.

3.8 4,
2.
3.

NO

3.0
3,2
RANGES
PROBLMGROUP2 30 30 (4] NO
SAMS1Z B 4 4 .
LABELS 1 CAD 2 CON 3 ST
(4F5.0) ’
3.2
3.5
3.0
3.9
RANGES
PROBLMGKRAOUP3 30 30 0 NO
SAMS1Z B 4 4
LABFLS 1 ChA 2 Hv 3 5T

LA I = Y

WK Wi
LI
LAY BV
WA W
.

YT o0

7 3.1 3
3 3.5 3
3 3.2 3
4.0 4 .0 3
RPANGES :
PRORLNGROUPY <0 40 O
SRMS1Z 4 4 4 4
LARELS 1 Cna 2 v 3 con 4 ST

119

3
3
3
4

SO Ww

3.9
TRANGES
F141SH

R/T/nZ 3 = 2149 OF LdFntearias

(The figures with decimal points in four groups of 16 each
are yields per pot in grammes).
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Appendix

COMPUTER PROGRAMME FOR DROPLET ANALYSIS.
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A computer programme and an example of steps of droplet analysis.

JOR(ULRrZS13,J3)
PTJF(!’.--'Z’R:UyT)
1.GO,

7/8/9 = END OF SECTION

PHOUGRAM DRUPS(INPUT,UUTPUT,TAPES=INPUT,TAPEG=QUTPUT)
DIXYENSION N(20),5P(20),5P3(20),P(20),P3(20), ClASS(Zl) D(20) ,ND(20)
1,xD3020) ,TITLE(C10),VOL(20) +CLAS(20)
KEAl, &D,ND3
KEAD(S5,99) NTESTS
99 FORXAT(I2)
DO 999 HTEST=1,NTESTS

1 TO READ IN CLASS-VALUES..

2 TO CALCULATFE CLASS VALUES AS XMAX X SPREAD wHFRE, ..
SPREAD IS THE FRACTIOXN OF DROP SIZE RELATIVE TO THE CRATFR,,.,
XhAX = LARGEST CLASS VALUE.,

KRCLASS = THE NUMBER OF CLASSES MAXIMUM 21,.,.

KELAG

oNeNeEeEaEeKe!

KEAD(S,110) TITLE
110 FORMAT(1O0AB)
FEAD(S,)LO0)RFLAG,NCLASS
100 PORNMAT(L1,12)
MI=NCLASS-1
GO TO (1,2),NFLAG
1 READ(S, 101JSPR£AD (CLASS(1),I= ],NCLAQS)
101 FURMAT(13F6,0)
GG 10 3
2 FEAD(S,101)XMAX,SPREAD
CGNET=1,/SQRT(2.0)
CLASS(NCLASS)=Xx4AX

QN

DERIVE CLASS VALUES...

Eo 9 1=t,81°
J=NCLASS-1
4 CLASS(J)=CLASS(J+1)3CONST

CALCULATE TRUE D1AMETER AS MEARN UF TWO CLASS VALUES X SPKEAD...

nMNnN

3 suxy=0,
SULD3I=O,
READ(S,103)(H(1), I-l,&l)
103 FUKAATI(2014)
PO 15 1=1,/CLASS
15 CLAS(J)=CLASS(1)+SPREAD
Ly s 1=1,71
DEII={CLAS(I)+CLAS(1+1)})3%0,5
VGLOIYI=D(I)*%3,
LEE30I)=A11)3VOLIT)
SUMNL=SUNI4N(])
5 SUHANI=SUN3I+HD3I(L)
PC=100¢, /St
FC3=100,/5HKD3

CALCHULATE PERCENTAGE BF EACH CUULT AND VOLUYE,,

pEsEeNe]

KUTH..o P 185 FUR PERCENT, .
LD & J=1,N1
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cont... (VI)

Nnaoon

X
2

A computer programme and an example of steps of droplet analysis.

P(J)=PCHi(J)

6 P3(J)=PC3*LD3I(J)
SE(1)=P(1)
SP3(1)=p3(1)
pQ H ]:2,”1
SP(1)=SP(I-1)4P(1)

& SP3(1)=SP3(1-1)+P3(I)

UUTPUT OF RESULTS UNDER COLUMN HEADINGS...

WRITE(6,108)RTEST
108 FORMAT(1H1,50X,*2NALYSIS OF DATA SET #,15//)
WKITF(b,109)TITLE
109 FORMAT(1H0,20X,1048)
. vKITE(6,111)SPREAD '
111 FORMAT(1HY,* SPREAD FACTOR = *%,F10.,4//)
. WKITE(6,108)
104 FORMAT(///7/7/,16%X,%TRIE*,4X ,*4EAN TRUE*)
105 FURMAT(4X,¥CLASS*,11X,%¥D%,9X,*D*, 11X, ¥N4, 7%, ¥P N¥,2X,*¥SUK P N*%,5X,
14#VOLt,7X,*N X VOLUME#,2X,¥P N X VOL¥,5X,*SUM P M X VOL#%/)
107 PURMAT(22X, F11.2,111,2F7,2,2F13,2,F9,2,F14,2)
ERITE(6,105)
pu 7 I=1,N1
BRITE(H,106)CLASS(I) ,CLAS(I)
106 FURMAT(1X,2F10,4) , .
7 vRITE(6,107) PeI),N(1),P(I),SP(Y),VOL(1),ND3(1),P3(1),5P3(1
1) : : .
"~ wWRITE(6,106)CLASS(NCLASS),CLAS(NCLASS)
999 CUNTINUE
sToPp
END

7/9/9 - END OF SECTION

K3

4 wATER AND 0,5 PERCENT TEEPOL
5 .
125, 0,86
S 43 141 32
4 wWATER AND 20 PERCENT ULVAPRON
6
177, 0.86
6 42 129 B8l 3
4 VATER AND 40 PERCENT ULVAPRON
5
125, U.66
&€ 45 160 55
4 LLvapRon
6
125, 0.R6

&8 39 50 52 153



cont....

SPREALV FACTOR =

CLASS

3142500
ab 1962
6245000
8d.3443

175.0000

TRUE
D

26.8150
38,0070
53.7500
76,0140

107.5000

Computer print-—out

of droplet analysis.

ANALYSIS OF

X4 WATER AND 0.5 2ERCENT TEEPODL

«8600

MEAN TRUE
D

J2.064

45.84

64.88

91.76

43
181
32

p

1.32
16.48
69.35

12.26

N SUM P N

1,92
18.39
87.76

100400

OATA SET

VoL

f

J4141.49
96566472

273131493

772533.76

N X VOLUME

170707.46
4152368.97
496436879447

24721080437

P N X VOUL

SUM P N X VOL

.22
5,51
68.50
100.p0

(IA)

Qle



cont.....

SPREAU FACTOR =

CLASS
31.2835
66,2500
6245790
B4.5000
125.1579
177.0000

TRUE
0

26.9089
38.U550
53,8179
76.1100
107.635H

152.2200

Computer print-out of droplet analysis.

ANALYSIS OF DATA SET 2

X4 WATER AND 20 PERCENT ULVAPRON
LAbL00
MEAN TRyE
D N PN SUM PN VoL . N X VOLUME P N X VOL

32.48 6 2430 2+30 - 34271406 205626423 .19 ‘
45.34 42 16409 18.,3% = 96%933.13 4071191.57 373
6496 129 4%.43 67,82 274168.30 35367710.88 32.44
91.87 81 31.03 98,85 775465.06 62812669.89 57461
129.33 3 1.15 100.00 219334601 6580039.,23 6.03

SUM P N X VOL

19
3.92
36.36
23.97

100.00

(1IA)

91¢
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(VII)

Appendix

EXAMPLES OF COMPUTER PRINTOUT OF PROBIT ANALYSIS.



(a) »ROSBIT ANALYSIS FOR PARALLEL LIN

™
wn

PROGRAM NO.

HIGHLIGHTS OF THZ PROGIAM.

THI5 PROGRAH WILL PERFOXM INDEPENDENT SINGLE LINE ANALYSIS FOR EACH OF THE SERIES IN THEEXPERIMENT.
THE LINES ARE NOT RESTRICTED TO BE PARALLEL (MODEL 1),

CARRY OUT A JUDINT ANALYSIS FOR ANY SPECIFIED SUBSET OR SURSETS OF SERIES. HERE THE
LIMES ARE RESTRICTED TO BE PARALLEL WITHIN A SU3SET (MODEL 2.

TEST FOR PARALLELISY UsING THE LIXKELIHOOD RATIO STATISTIC,

COMPUTE A CHI-SDUARZ TEST FOR HEYEROGENEITY. THE CHI=SQUARE VALYE 1S COMPUTEO
DIKECTLY FROW [HE OBSERVED AND EXPECTED FREQUENCIES ATTER COMBINING EXTREME Q0SE GROUPS
SO THAT M0 EXPECTEZD FREQUENCYs UNDER MODEL 1» 1S LESS THAN 5.
IF DESIRED A CRITERION UTHER THAN S MAY BE SPECIFIED IN THE INPUT.

IF THE REGRESSION COEFFICIENT FROM JOINT ANALYSIS (MODEL 2) IS SIGNIFICANTs ESTIMATES OF
EFFECTIVE DQ-.£ (E7) IN TRANSFURHED AND ORIGINAL SCALES AND COpRESPONUDING CONFIOENCE LIMITS.
ARE COMPUTED, IF THE REGRESSION COEFFICIENT 1s NOT SIGNIFICANT. NO COWFIDENCE STATEMENTS ARE MADE,

IF A REFERENCE gERIES HAS BEEN SPECIFIED AND THE DATA DO NOT COMTRADICY THE HYPOTHESIS
OF PARALLELISM THEZ PROGRAM wILL PERFORM A COMPARISON OF EFFECTIVENESS IN TERMS OF RELAVIVE POTENCIES

THIS PHOSRAM WILL NOT ESTIMATE THE NATURAL RESPONSE RATEe THAT IS5 THE RESPONSE IN THE ABSENCE OF THE STIMULUSY
RY MEANS OF MAXIMUM LIKELIHOOD.

EXPERIMENT EXP 1 5139
VARIABLE CONC
RESPONSE DEATH
SERIES Ny MBER IDENTIFICATION
t 12
2 - 20
3 30
4 Y-

S103.

(11A)

81¢



(b) PROBITANALY SIS FoR SINGLE LINE PROGRAM NO. S103

EXPLANATION NOTES

THIS PROGRAM'FITS THI REGRESSION LINE Y = A +B(X) TO THE PROBIT DOF PROPOQTIONAL RESPONSE
CORRECTED FOR NATURAL RATE (NRR), NOTE X = TRANSFOQMED DDSE, ALSD NOTE THAT THIS
PROGRAM DOES NOT DEAL WITH MAXIMUM LIKELIHOOD (ML) ESTIMATIAN OF THE NRR,

METHOD OF FITTING . v
MAXIMUM LIKELIHOOD ITERATIVE PROCEOURE A5 DESCRIBED IN PRDBIT ANALYSIS (1962) BY DeJoFINNEY, THE PROGRAM
GOES THROUGH 10 ITERATIONS AND COMPUTES INTERNALLY THE LOG.LIKELIH00D CORRESPONDING TO THE PARAMETER ESTIMATES
YIELDEL BY EACH ITERQATIONs THE PROGRAM THEN SELECTS AS ML ESTIMATES THOSE ASSOCIATED WITH THE ITERATION
FOR wAlCH THE LOG LIKELIAQOD #AS LARGEST.

METHQD OF TESTING GOpQONESS OF FIT
THE CHI-SQUARE VALUE FOR HETERQGENEITY IS COMPUTEO DIRECTLY FROM yHE OBSERVED AND EXPECTED FREQUENCIES,
AFTER COMBINING EXTREME DUSEZ GROUPS SO THAT NO EXPECTED FREQUENCY 1S LESS THAN 2.

STATISTICAL INFERENCE
DEPENDING ON H = HETERNGENEITY FAaCTOR .
T - 95PER CENT T = VALUE WITH NDs OF D.Fe ASSOCIATED WITH H
GEHXT#Te {1/ (BEHOPSNWXX) ) o

(1) SIGNIFICANCE OF B, IF G IS5 GREATER TH OR EQUAL TO I B IS NOT SIGNIFICANT.

(2) EXACT 95 PER CENT CONFIDENCE LIMITS FQgr ED IN TRANSFORMED SCALE. FORMULA
(M=GXXHBAR+=TXSORT{U=yXG))/(1=-G).»

(3) EXACT 95 PER,C, CONFIDENCE LIMITS FOR ED. DBTAINED FROM (2) BY TAKING THE INVERSE TRANSFORM

USING HeTeG AS RESULTING FROM INTERNAL PROICESSING. THE PROGRAM WILL OECIDE ON (1) aND

Ie 2 IS SIGNIFICANTy IT WILL

1) COMPJTE (2} aND (3) USING HsT+G AS RESULTING FROM INTERNAL PROCESSING,

?2) GIVE THE VALUES OF U AND V SO THAT (2) AND (3) CaM BE EASILY RECOMPUTED

USING VALUES FOR HyT+G OTHER THAN THOSE PROVIOED AUTOMATICALLY BY THE PROGRAM.

SITUATIONS WHERE 2) MAY BE USEFUL
-DECISIONS THAT THE PROGRAM MAXES CONCERNING GROUPING ARENQT SATISFACTORY
FOR PARTICULAR PROBLEM
=17 VERY FEW De.Fe ASSOCIATED W]TH He T MAY BE QUITE LARQGE.
A REMEDY (SEE FINNEYs SECTIONI8) IS TO POOL CHI-SQUARE
VALUFES FROM COMpARAARLE TESTS.
IF 8 IS NOT SIGNIFICANT

(11n)

A DIFFERENT VALUE UF H MAY RESULT IN A& DIFFERENT DECISION ON THE SIGNIFICANCE OF Be

61¢



(c) PROBI T ANALYSIS FOR SINGLE LINE EXPERIMENT EXP 1 5139
__________________________ .-~ ——————— SERIES 1
NATURAL RESPINSE RATE =0.0000+ OBTAINED FROM €O TROL GRQUP N = 10 » R=¢ 0 10ENTIFICATION 12
(NRR)

WEIGHTED MEANSsSUM OF SQUARES AND PRODUCTS FROM [TERATION B
ESTIMATES FOR Y=zAs+Box

FROM ITERATIONS 7 AnND 8 : SUM W.N, = 18,1615 SNWXX SNWXY SNWYY D.F.
---------------------------------------- XBAR = 7759 1146528 70.5317 435,9791
A 8 L0OG-E LIKLIHOODS " YBAR = 4.3200 -10.,9324 -67.9225  =421,9993
1.0037 4.9193 tea 7YY ememeass emeeeea- e e
1.0037 - 4.,9193 ~6.7121 : : +530% 2.6093 13.97v8

3
12,8358 1 REGN.
i : 1e1640 2 RESIQ.
TABLE oF OQBSERVED AND EXPECTED FREQUENCIES

T 06 TP on i p S S P 08 e e P e T G 06 o T S W W e R A Y e R O N 00w P O s WP O o P i gy OO R e O P o > T a0 P T g S st D D e U D ) % e gm B 0 N S s 9 WP T e G 0 o O G D D e S

UOSE TRANSFORMED SAMPLE FREQUENCY. ' PROPORTION RESPONDIN ©
NUYHER DOSE =+ SIze W esvee=- wem————- mmmmmm————— detaiadede Dl S R (AQJUSTED FOR NRR)
0BSERVES EXPECTED OBSERVED EXPECTED (0BS. =EXP.)
Z X N R N=-R R N=g
1 10.0000 1.0000 10 8 2 a.22 1.78 8000 82290 -,0220
2 b.6000 8195 10 S S S5.1% 4,86 «5000 «5lal =.0l4]
3 4.4000 6635 10 ) 3 7 2.03 T7.97 «3000 2030 «0¥70
o 3.0000 4771 10 0 10 50 9.50 0.0000 0496 -.0496
B8 x = L0G10O{(Z+PHI)$ PHI = 0.0000

THE CH1-SQUARE CCOMPUTED WITHOUT PONLING BECAUSE NOT ENOUGH D.F. LEFTH BEWARE OF THE HETEROGENEITY FACTOR AND ASSOCIATED TESTS.®)

COMPUTED CHI=SQUARE (AFTER POOLIMGY IS ANY) = la146 « WITH 2 DeFos SINCE CRITICAL (5%) CHI-SQUARE 1S 5.990
COMCLUDZ THAT HETERDGENSITY 15 NOT SIGNIFICANT. THE HETERQOGENEITY FACTOR IS H = +5720 .
BRHROVDBDIPBDDNB OB RILBIDDBERBHBY .
FOR INFIHENCE PUNPOSES USE A T1/VALUEZ OF 1960+ ON THIS BASIS THE VALUEZ DOF G = «2993. HENCE
REGRESSION IS SIOMIFICANT (5% LEVSL). THE VAR]1AwCE OF B = 1.8853 aAND THE STANDARD ERROR OF B8 = 1.3731
dgdanlocbandudaRdedinobantooetantHtOBUBONY
[N TRANSFQHRYED SCALE TAKING H = 1.000 T = 1.960 6 = .2993
GENERAL FORMULAE (SEE FIRST PAGE) EFFECTIVE IN TRANSFORIMED <CALE IN ORIGINAL SCALE
------------------------------------------ DOSE . . e e = v - o % O = = - s 8 T e N
HESPONSE APPROXIMATE VALUES REQUIRED TO (E9) APPROXIMATE EXACT 95% C.l. ED EXACT 954% CsL.FOR EO
LEVEL VARTANCE CALCULATE EXACT 95% VARIANCE FOR ED
3 OF EV CONFIDENCE LIMITS 0F ED LOWER UPPER LOWER UPPER
{ IGNORING G) U v
50 He ,2379E=-02 .2379E-~02 .2375E-p02 . +B124 . - «2379E=g2 .7127 ©.9432 . © 6492 S5.161 8.775
99 de ,2250E-01 .2250E-01 ,227S5E-02 1.2854 »2250E-01 1.090 . 1,916 19.29 12.30 2,40

G= HeT®T# .779]1E-pls vaR(B) = H = 1,885
%) NOTE THE EXPERIMENTER MAY CONSIDER REPEATING THIS SERIES WITH A DIFFERENT ARRANGEMENT OF DOSES OR MORE DOSE LEVELS.

(I1IM)

0¢2



(d) PROA IT ANALYSIS FOR SINGLE LINE EXPERIMENT EXP 1 S139
-------------- T Py SERIES 2
NATURAL RESPONSE QATE =0.,0000» OBTAINEO FROM CO TROL GROUP N = 10 + R=3y 0 IOENTIFICATION 20
(MR .
WEIGHTED MEANS,SUM OF SQUARES AND PRODUCTS FROM [TERATION 8
ESTIMATES FOR Y=Astjox .
FROM ITERATIONS 7 AND 8 SUM WeN, = 17.2871 SNWXX SNWXY SNWYY DaFas
---------------------------------------- " XBAR = L7456 10.0872 66,4382 439,750%
a 2] LOG-E LIKLIHODO, YBAR = %.9485 =53.6096 -63.7805 -423.3210
L7996 5.5667 Yo=643026 . emmeseam emeseoes ceeeomee
27996 5.5667 ~86.,8026 4776 2.6578 16.429S 3
[4,7899 1 REGN.
: 1:6396 2 RESIO.
TABLE OF OYSERVED AND EXPECTED FREQUENCIES
DOSE TRANSF ORMEQ SAMPLE FREQUENCY PROPORTION RESPONOIN G
NUMdER DOsSE o= SIZE smevemmctemccecccceetacsaccce . (ADJUSTED FOR NR®)
0B8BSERVED EXPECTED OBSERVED EXPECTED (0dSs =EXP,)
¥4 X N R N=R R N=-R
1 1V.0000 1.0000 10 9 1 9.14 «86 «9000 «91238 -,0138
2 b.6000 .81685 10 6 4 6,61 3.59 «6000 6406 - 0604
3 4.0u000 6435 10 4 6 2.68 7.32 «4000 « 2677 «1323
4 J.oono 6771 10 0 10 .61 9.39 0,0000 .0611 -, 0611
84 ¥ = LOGLO(Z*PHI!S PHI =" 0.0000"
THE CH1=-50UARE COMPUTEIO WITHOJT POOLING BECAUSE NOT ENOQUGH D.«F. LEFTS BEWARE OF THE HETEROGENEITY FACTOR ANO ASSOCIATED TESTS.®)
COMPUTED CH1I=SNUARE (AFTER POOLING.IF ANy} = l1e6640 « WITH 2 DeFey SINCE CRITICAL (5%) CHI-S5QUARE IS 5990
CONCLUOE THAT HETEROGENELITY 1S NOT SIGNIFICANT. THE HETEROGENEITY FACTOR IS H = «8198 .
LEREEY LY EERENEE-E-2- R 2545 5-X-F.5-3 X4
FOR INFZRENCE PUKPQOSES USE A T/VALUE OF 1950+ ON THIS BASIS THE VALUE OF G = «2597., HENCE
REOGRESSION IS SIOGMIFICANT (5% LEVEL). THE VARIANCE OF B = 2.0937 AND THE STANDARU ERROR OF B8 = le6670
prpopdoguansdnbudbdppatodidodosnaddanotin
IN TRANSFORMEO SCaLCS TAKING H = 1.000 T = 1960 G = + 2597
qENEQAL FORMULAE (SEE FIRST PAGH) EFFECTIVE IN TPAVSFOQMED SCALE IN ORIGINAL SCALE
—————————————————————————————————————————— DOSE - o T Tt e o - o . e et o 0
RESDONSE APPROXIMATE vALUES REQUIRED TO (ED) APPROXIMATE EXACT 95% C.Le ED £XACT 95% C.L.FORP ED
LEVEL VARTANCE CALCULATE EXAGT 95% VARTANCE FOR ED
A OF tu CONFIDENCE LIMITS OF ED LOWER UPPER LOWER UPPER
{ IGNORING G) U v
50 H8 ,1874b=02 J1874E~02 +1858E-p2 «7548 o 1BT4E=N2 +6594 .8567 5.686 6,565 7190
99 He .1a228-01 J1622E-01 .1R68E-02 1.1730 «14228-01 1.0123 1.633 14,89 10.30 42.97
G= HeT2Ts ,5761E-Qls VAR(B} = H & 2,094
) NOTE THE EAPERIMENTER MAY CONSIDER REPEATING THIS SERIES WITH A DIFFERENT ARRANGEMENT OF DOSES OR MORE DOSE LEVELS.

(I1IA)

122



(e) PROBIT AVALYSIS FOR.SINGLE LINE EXPERIMENT EXP 1 §139

-------------------------- P T et O e N e W o P W W e T A0 e W i am Y SEQ‘ES 3
NATURAL RESPOMNSE RATE =0.0000+ OBTAIMED FROM CO TRDL GROUP N = 10 + R=y 0 [OENTIFICATION 30
(NRRY)

WEIGHTED MEANSsSUM OF SQUARES AND PRODUCTS FROM [TERATION B8
ESTIMATES FQOR Y=zAsbinx

FROM ITERATIONS 7 AND 8 SUM WeN, = 15.1249 SNWXX SNWXY SNWYY D.F.
---------------------------------------- XBAR = L5739 7.1999 53.9216 404,5558

& 9 LOG=F LIKLIHODD, © . YHAR = 5.0766 + . =6.8687 =51.7431  =389.7909

<5663 6.5770 S =3.3268 T T dceeaaa amcmmeme mcmaicea

.5643 6.5770 ~3.3245 : : . .3312 201785 14.7648 3

14,3278 1 REGN.

#4370 2 RESIC.
TABLE OF OBSERVED AND EXPECTED FREQUENCIES

o D S s T o G T Sy v Ay e D 0 e o T S g T o D W R G e D e gy o W S A Y O Sy T S S e P B D W G e D B T g g e 0 B W A e W W e e O g 6

DUSE  TRANSFORMED SAMPLE FREOUENTCY PROPORTION RESPONDIN G
NUMBER DOSE #¢  S1ZE e m e caem e ——————— , (ADJUSTED FOH NRR)
DBSERVED EXPECTED OYSERVED  EXPECTED (0BG =EXP.)
z X N R N-R Q N-p
1 1u.0000 1.0000 1o 10 0 9.87 .13 1.0000 .9858 L0132
2 b+6000 .8195 10 8 2 8,50 1.50 L8000 «B4yg -.0494
3 444000 «6435 10 5 5 4,51 5.49 +5000 +450B L0692
a 3.0000 L6771 10 1 9 1.12 8.u8 L1000 ST -,0117
se ¥ = LOGIO(Z*PHI)$ PHI = 0.0000

THE CHI1=-SOUHARE COMPUTED WITHOUT POULING HECAUSE NOT ENOUGH DeF. LEFTS BEWARE OF THE HETEROGENEITY FACTOR AND ASSOCIATED TESTS.*)

CovPUTED CHI=SQUARE (AFTER POOLINGeIF ANY)= «4370 1y WITH 2 DeFer SINCE CRITICAL (5%) CHI-SQUARE 1§ 5.990
CONCLUDE THAT HETEROGEMLITY 15 NOT SIGNIFICANT. THE HETEROGENEITY FACTOR IS H = + 2185 .
VLBV BBOBBRIO BB BB BO ROt BNBBGBY .

FoR INFERENCE PURFOSES USE A T/VALUE OF 1«950. ON THIS BASIS THE VALUE OF G = «2681. HENCE

REGRESSION IS SIGNIFICANT (5% LEVE) ) THE VARIANCE OF 8 = 3.0191 AND THE STANDARD ERROR OF B = 1.7376

DonIBLBpaDBOLDULDBOOBOLBYB BB N DIBLTYSY

IN TRANSFORMED SCALEZ TAKING H = 1.000 T = 1.960 G = 2681

GENEAL FORMULAE (SEE FIRST PAGE) EFFECTIVE IN TRANSFOIMED SCALE ) IN ORIGINAL SCALE

- vy T =S - -y = o = - ot T Y e g e = DOSE ------------- - e Y W - -

RESPONSE APPROXIMATE VALUES REQUIRED TO (ED) APPROXIMATE EXACT 95% Cele £D EXACT 952 Ce.L«FOR ED

LEVEL VARIANCE CALCULATE EXACT 95% VARIANCE FOR ED
* OF EV CONFIDENCE LIM1TS OF ED LOWER UPPER ) LOWER UPPER

{ IGNORING G) u v '
50 H® .1538E-02 J153BE-0? +]1828E=-p2 16623 «15SJ8E=p2 <5580 «TGT9 ’ 4,595 3.699 54597
99 H® o 2698Lk~02 L9p9HE-02 13248E=-Q2 !-0160 +949BE~02 .B833 1.399 10.38 T+663 25,09
G= HsTeT® ,5979FE=-0ls VAR(B) = H & 3,019

) NOTE THE EAPERIMENTER MAY CONSIDER REPEATING THIS SERIES WITH A DIFFERENT ARRANGEMENT DF DOSES OR MORE DOSE LEVELS.

444
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(£) PROBI T ANALYSIS FOR SINGULE LINE EXPERIMENT EXP 1 5139
......... e e e i om0 48 o o B SERIES N
NATURAL RESPINSE 2ATE =0.0000+ oBTAINED FROM CO TROL GROUP N = 10 s R=» 0 IDENTIFICATION 42
(NRH) . .

WEIGHTED MEANS+SUM OF SQUARES AND PRODUCTS FROM ITERATION 9
ESTIMATES FOR Y=Aelox

FHOM ITERATIONS H AND O SUM WeN, = 13,2046 v SNWAX SNWXY SNWYY D.Fa
------------ . e e XBAR = <6392 5.6363 4646757 354,5734

A 3 LOG=E LIKLIHOOD " YBAR = 5.0761 ~5,4116 -42,9735  ~341,2665

J196A 7.6355 L3.4420 ———————- mmmmmaes oo ——

+194R 7.6365 =~3a0420 «2229 1.7022 13.3069 3
. 12.99u49 1 REGN.

+»3080 2 RESIO.
TABLE OF nBSERVED AND EXPECTED FREQUENCIES

- T . - T T S o o A e . . e TR e D e T T e w0 e A T T e Y S S S e Y e S 0 s O S U e S e SR e 8 N W R e S e D D S OB T e

DUSE TRANSFORMED SAMPLE FREQUENCY , PROPORTION RESPONDIN G
NUMHER VOSE o8 SI1zZE R i L LT S P (ADJUSTED FOR NRR)
NBSERVED EXPECTED OBSERVED  EXPECTED (0BSe =EXP.)
Z X v R N=R R  N-w _ -
1 10.0000 1.0000 1o 10 0 9.98 .02 1.0000 9977 ,0023
2 6.6000 .8195 10 9 1 9.27 .73 «9000 «9269 -.0269
3 “.4000 +6435 10 6 . 4 . 5.43 4,57 «6000 5432 « 0564
4 3.u000 6771 10 1 9 . 1,23 B.77 <1000 1227 -.0221
¢ x = L0GlO(Z+PHI)S PHI = ' 0,0000

________________________ e . e S A0y e T A 40 T T 40 S N T o T D T gy S 0 4 T R S e A A O S D S S

THE CAI-SQUARE COMPUTED WITHOJUT POOLING BECAUSE MNOT ENOUGH O.F. LEFT‘A BEWARE OF THE HETEROGENEITY FACTOR AND ASSOCIATED TESTS.*)

COMPUTED CHI=-SUUARE (AFTER POOLINGe1F ANY)= «3080 s WITH 2 DeFos SINCE CRITICAL (5%) CHI=SQUARE IS 5.990
CONCLUDEZ THAT HETEROGENELITY [5 NOT SIGNIFICANT. THE HETEROGENEITY FACTOR IS H = « 1540 .
UV BuBPBBVBBLBBILRNDBOBBRRBBO Y
FOowR [NFERENCE PUKPOSES USE A T/VALUE OF 1960« ON THIS BASIS THE VALUE OF G = «2955. HENCE
REGRESSION IS SIGNIFICANT (5% LEVEL). THE VARIANCE OF B = 4.4863 AND THE STANDARD ERROR OF B = 2.1181
douanbhossodubudOBNBOBaDNOOBBBBNBBNREYNS .
IN TRANSFORMED SCALE TAKING H = 1,000 T = 1.960 G = «2955

GENE?AL FORMULAE (S5EE FIRST PAGK) EFFECTIVE IN TRANSFOIMED gCALE IN ORIGINAL SCALE
_______ - e -~ ————— DOSE o e e e e et e e o o e 0 00
RESPONSE APPROXIMATE  VALUES REQUIRED TO (ED) APPROXIMATE EXACT 95% Cale ED EXACT 95% C.L.FOR ED
LEVEL VARTANCE CALCULATE EXACT 95% VARIANCE FOR ED

EY UF EV CONF IDENCE LIMITS oF ED LOWER UPPER LOWER UPPER

[ IGNORING 6) U v
50 He ,1302t=02 «1302E=02 «1P9%E=-p2 6292 «1302E=02 +5407 « 7094 4,258 Je073 Sel122
99 He ,T977e-02 «T797TE=-D2 «1235E-02 «9339 «7977E=02 8151 1,300 8.589 6,533 19.95

-~ A o o o e S o T S o at o > T o o v T S o 40 e Y 0 = A 4Pt e S S W S D ko 40 S b T D S g D D W S om Om s

G= HeTeT® ,7693FE-01e VAR(B) = H ¢ 4,486
2) NOTE THE EXPERIMENTER MAY CONSIDER KEPEATING THIS SERIES WITH A DIFFERENT ARRANGEMENT OF DOSES OR MORE DOSE LEVELS.

(IIA)
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(g) PR OBIT ANALYSTIS

- v -y - - T L I L P e PR Y T T T R PR L P L L L L L L L A g

E ‘ COMBINING

SERIES Ny MBER

LT T Y L

£ W -

SERIES 1 was

FOR AR AalLLEL

THE FOLLOWING SERIES

IDENTIFICATION
12
c0
30
42

USEO AS REFERENCE SERIES

LINES

(1IA)

wZe



(h) JOINT PROBIT LINE ANALYSIS FOR SERIES NUMBERS . EXPERIMENT EXP | S139
1 2 J 4

REFERENCE SERIES 1

MAXIMUM LIKELIHOOD ESTIMATES

SERIES ESTIMATES OF REGHESSION PAREMETERS . SUMMARY OF ESTIWATES OF REGRESSION
NUMBER FROY JOINT ANALYSIS ITERATION 8 =# PARAMETERS FORM INDIVIOUAL ANALYSIS
(LINES CONSTRAINED TO BE PARALLEL) (LINES NOT CONSTRAINED TO BE PARALLEL)
------------------------------------------ LOG-£ e e e e R . e e E eSS RS e .- LOG-E
A <] . LIKELIHOND A =] LIKELIHO0D
l .1803 5.9686 ~4,9756 1.0037 4.9193 =4.7121
2 6960 5.9686 -4,8390 - « 7996 . S.50n67 -4,n026
3 l1.0560 5.9686 -3.8871 26443 64,5770 =3.4245
4 l.2757 5.9686 =3.7946 » 1948 7.6365 =3.4420
TOTAL LOG-E LIKELIHOOD LLl = =17. h963 7 TOTAL LOG-E LIKELIHOOD LL2 = =16.7812
¢ NOTE AT ITERATION 7 THE ESTIMATE OF B8 FROM THE JOINT ANALYSIS IS 5.9686

cce

LIKELIHO0O RATIO TEST FOR PARALLELISM

T o T B WP D G 8 " R O y ty an MR S 4P a8 P e W g A

TRE VALUE OF THE LOG~E LIKLIHOOD RATIO STATISTIC =2¢ LL1 - tLL2) = ‘ 1.4301 wWITH 3 D.F.
SINCE THE CRITICAL (S%) CHI-SNUARE VALUE 15 7,8100 CONCLUDE THAT

THE DATA DO NOT CONTRADICT THE HYPOTRESIS OF PARALLELISM

gorosospngsdobtnndastndapsoasnanshstrtbnbsRobOLRBEDBBBHOBY

THERE ARE No DEGREES oF FREEQQM LEFT (AFTER GROUPING) TO PERFORM A TEST FoR HETEROGENEITY
IN THE ANALYSIS THAT FOLLOWS THE HETEROGENEITY FACTOR, Hy 15 TAKEN TO EQUAL 1.0

(110)



SERIES DOSE DOSE

10.0000
0.6000
4.4000
3.0000

& W

1g«00n0
6.6000
64,4000
3.0000

& -

lo.0v00
6.6000
4,400
3.0000

& W N -

1 1v.0000
2 66000
3 4.4000
4 3.0000

(1)

JOINT PROBIT LINE ANALYSIS FOR SERIES NUMBERS

1 4

R

3 4

EFERENCE SERIES 1

TABLE OF OBSERVED AND EXOECTED FREQUENCIES

MODEL 1 LIN

MUDEL 2

TRANSFORMED SAMSLE

DOSE®"*®

POOLING OF DUSE GROUPS. CRITEnRION FOR SMALL EXPECTED FREQUENCIESs LESS THAN

SIZE

10
10
10
10

10

10

10
10

10
10 ...,
10
10

10
10
10
10 .

Eg NOT RESTRICTED TO 3E PARALL EL

LINES RESTRICTED TO BE PARALLEL
0RSERVED EXPECTED FREQUEN
FREQUENCY MODEL 1 MODEL
R N=R R N=-R R
8 2 B8.22 1.78 B.77
5 5 5,16 6.86 5.32
3 7 2.03 7.97 1.66
0 10 .50 9.50 .25
9 1 9.16 .86 9.29
6" 4 6.61 3.59 6.52 . .
4 6 2.68 - T.32 2.564
0 10 .61 9.39 $49

10 0 9,87 ° ‘13 9.78
8 2 B.50 . 1.50 8.28
5 5 4,51 5,49 4,58
1 9 1.12 B.88 1436
10 0 9.98 .02 9.87
9 1 9,27 .73 B.75
5 4 5,43 4,57 5,40
1 9 1.23 B.77 1.86

00000

GOODNESS OF FIT OF PARALLEL LINE MODEL 2

COMPUTED CHI-SQUARE © 542915 WITH .. 11 D.F.

POOLING OF

ND
NOD
NO
NG

POJLING
POJLING
POJLING
POJLING

DOSE GROO

PERFORMED
PERFORMED
PEQFURMED

Ps.
INOT ENOUGH DEGREES OF FREEDOM LEFT)
(NOT ENOUGH DEGREES 0F FREEDOM LEFT)
(NOT ENNUGH DEGREES OF FREEDOM LEFT)
{NOT ENOUGH NEGREES OF FREEDOM LEFT)

EXPERIMENT €XP 1 S139
PROPORTION RESPONDING
ADJUSTED FOR NRR

OBSERVED MODEL 1 MODEL 2
«8000 .8220 «B8766
5000 51461 «5323
«3000 «2030 <1660
«0001 « 0490 0248
«9000 9138 +9248
+ 6000 «64006 «6517
«000 « 2677 22543
«0001 0611 «049]
*» 9999 «9868 «9785
«8000 +Ba9b 28279
«5000 4508 4581
«+1000 1117 01361
«9999 «9977 «9871
«9000 92649 8754
«6000 .5432 5406
«1000 1227 18064

2

(114)
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(j) JOINT PROBIT (INE ANALYSIS FOR SERIES NUMBERS EXPERIMENT EXP ) S13Yy
1 2 3 4

REFERENCE SERIES 1

THE ESTIMATES GIVEN A3ELOW ARZI OBTAINED UNDER THE HYPOTHEGIS OF PARALLELISM, WHICH IS SUSTAINED BY THE DATA

USING H = 1.000 AND G = «6800E=-01 COMPUTED WITH T = 1960 : NO U.F. LEFT AFTER POOLING
SERIES RISPONSE I N TRANSF ORMED s CALE IN 0O R I G I N A L s CaALE
NUMBER  LEVEL  ===mccmmamaea-. R et R R el LTS i Ll L LT LA PR cmmmceeaa
£ EFFECTIVE APPROXTMATE EXACT 95% CONFIDENCE LIMITS ED EXACT 95% CONFIDENCE LIMITS
DOSE VARTANCE OF FOR ED For EU
LED)Y S meemcme et e mecmaaa - . : —————————— e s e————— ———
{IOGNORING G) LOWER UPPER LOWER UPPER
1 S0 «830592 f1on17E-p2 72789 .88841 6.39666 Sednal T.73611
99 1.1958 LR TIE=02 1.0846 1.3685 15,6961 12,1467 23,3603
2 50 «T5420 »16251E-02 .67299 .B3658 5.,67811 470962 6.86563
99 1,1440 JOn3uaE-02 1.0348 1.,3114 13.9329 10,4350 20,4R35
3 S0 56107 . 1BSYHE=-D2 +57259 . WTGTH7 . 4,582 3473759 5.59329
99 1.0509 W437206-02 .94138 1.2154 11.2435 B473734 16,4227
4 50 62645 (212236=02 53199 71906 4.23109 3.40394 5.23669
99 led 163 CLO456E=-02 .90285 | 1.1848 10.3822 7.99555 15,3025
NOTE AFTER POOLING OF DOSF GROUPS THERE WERE NOT ENOUGH De.F. LEFT TO OBTAIN AN ESTIMATE OF HETEROGENEITY.
THE HETEROGENEITY FACTAOR 4AS SET EQUAL TO 1.
ESTIMATED POTENCIES RE{LATIVE TO SERIES 1
SERIES I N T 2 ANS F ORMED s CALE 1 N 0 R I G 1 N L 5 CALE
NUMHER  —=m== LTt Tt UL P Py SRR U, ———— B e L L P e e e e e e d e~ e ma v ————
ESTIMATE APPROXIMATE EXACT 95% CONFIDENCE LIMITS ESTIMATE EXACT 95% CONFIDENCE LIMITS
OF RELATIVE VAP ANCE DF - i FOR RP 0F RELATIVE FOR RP
POTENCY 2 e m e an—— ——————— POTENCY merem—————— v s s sc e ————
(R3) (IGNORING G) LOWER UPPER LOWER UPPER
2 «517%F=01 31 78E=02 =.6113E=01 «1678 14127 8687 1.472
3 cleuy +3u3uE-02 e 2904E=01 2670 1.396 1.069 1.849
13 <1795 «InIHE=D2 .5917E~01 « 3061 1.512 l1.140 2.023

Lce

(IIA)



MFH LONDON

19.42.30,
14.642.36,
l6attdedb
14,462,091,
Jh,62.041.,
Jhotad ],
ta w2 . nl,
lbsudatel,
lo.62.4d,
las62eS1.
l6.63. 02,
463403,
14,63,03,
la,ul.ud,
164,63.02,
ta. 03,03,
14463403,
ll‘uhdon.}o
14,603,038,
14.43.03,
++ULCC END

113
1113
1AJ
ACT
PFM
BFM
1ay
1Ay
M5G
HSG
MSG
1EJ
1EJ
1E4
180
1EJ
1EJ
1BV
1EY
1£9

oF

(k) Output of results of probit analysis under column

UNIV, NOSHE Lb454-A MAR 78 cuCe600,

24  UM3IZSoH 257/04,7H  CDC6600 FROM /5V
22 1P 00000192 WORDS - FILE INPYT o DC 064
22 =JOB{UMBZS13.01) .

22 =ATTACHILIBPONRITID=LIBULRC)

22  PF ATTACHED.PROQOYIT*+PR0OIIT EDITLIB

2¢ CY=00U3 ID=LIBULRC CREATED 02,02/78
22 =LIBRARY{LIH)

2¢ ~LDSET(PRESET=ZERN)

2¢ MAIN. ,

2¢e CY LwAs+1l = 561508y LOADER USED 721008
2é aTOP . :
2¢ 0P 0000%375 WORDS = FILE OUTPUT » OC 40
2¢  Ms 7168 WORDS 7168 MAX USED)
¢ CP 2+33b ScCa «029 ADJ.

2¢ o "1«111 SEC. «004 ADJ.

2¢  CM 55.532 K4S « 043 ADJs

2¢ PP 94139 cECe

22 6000 UNITS USeED 077

22 6000 UNITS CHARGED <077

22 EJ  END OF J03» SV 25/04/78

INFORMATLION++ UM3ZS5h/H ++0000000000000000000000

headings.
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