
Asie.
(Wits) ~WEED RESEARCH ORGANIZATION

TECHNICAL REPORT No.76

A LABORATORY RAINFALL SIMULATOR FOR PESTICIDE STUDIES

R C. Simmons

May 1984

Price - £2.00

mareer

SSS

SSsSnSSSSSSGS

Agricultural and Food Research Council Weed Research Organization,
Begbroke Hill, Yarnton, Oxford, OX5 IPF

ISSN 0511 4135
ISBN 0 7084 0307 7 



1. Introduction

2. Design of the simulator

3. Description

Site

Water supply and recovery

Nozzle network

Fixed channels

Movable shutters

Servo motor

Control system

Automatic controller

Rain gauge

Moving target assembly

Cleaning

4. Performance

Drop size distribution

Drop energy

Uniformity over target area

Intensity range

Drips

5. Acknowledgements

6. References

Appendix 1. List of equipment and suppliers

2. Performance measurement methods

NOTE

The content of this publication, in whole or in part, may be quoted or

reproduced provided the authors ana the AFRC Weed Research Organization are

fully acknowledged. The correct bibliographical reference is:-

SIMMONS, R.C. A laboratory rainfall simulator for pesticide studies. Technical

Report Agricultural and Food Research Council Weed Research Organization,

1984, 76, pp 14. 



- So = _— = = _ =O © — BS m
M ~< SERVOMOTOR RESERVOIR

DEIONISED
WATER

LAYOUT OF RAIN SIMULATOR

SY
SSS~

~
Se2S

MOVABLE SHUTTERS

PRESSURE
REGULATOR

FIXED V-CHANNELS=

NOZZLE ARRAY

 



A LABORATORY RAINFALL SIMULATOR FOR PESTICIDE STUDIES

R.C. Simmons

Agricultural and Food Research Council Weed Research Organization

Begbroke Hill, Yarnton, Oxford OX5 1PF

INTRODUCTION

We wished to investigate the effects of rainfall on herbicide performance,

and required accurate simulation of drop sizes, fall velocities and intensities.

The chosen design is constructed from readily available materials and is simple

to operate.

Ze DESIGN OF THE SIMULATOR

The factors affecting the design of a rain simulator have been discussed in

a previous publication (Simmons, 1980). An existing simulator (Jacob, 1979 1,2)

built by the Civil Engineering Department of Salford University, was used as the

basis of the WRO unit. The nozzles used reproduced the drop size distribution

of frontal rain, but the nozzle spacing which gives best uniformity delivers

about 180 mm/hour. The movable shutters of Jacob's design allowed control of

the intensity down to zero, but the range of intensities in which we were

interested, 0.5 to 10 mm/hour, were achieved over a very limited range of

shutter movement. Fixed channels (Nassif and Wilson, 1975), which removed 75%

of the nozzle output, were therefore inserted above the movable ones, and

perpendicular to them, as shown in Fig. 1. With these channels in place, the

range is reduced to zero to 30 mm/hour with a corresponding increase in setting

accuracy. A moving trolley assembly was added to allow plants to be moved in a

pseudo-random manner to improve the uniformity of application, and several other

modifications, detailed in the relevant parts of the text, were made to improve

the performance.

a DESCRIPTION

Site

The simulator is in a room 4.3 m high x 7 m x 3 m with a single large

doorway in one side.

Water supply and recovery

Local tap water is very hard and interacts with some herbicides. It also

leaves a visible deposit when it evaporates. It was not practical to collect

and store rain water so deionised water is used. Elga C800 mixed bed resin

cylinders are used to purify the water. This is fed via a handvalve and float

valve to two 450 1 tanks. A centrifugal, self-—priming pump draws water from the

tanks through a filter and pumps it into the nozzle network via a pressure

regulating valve.

Less than 20% of the output from the nozzles reaches the target area, so

efficient collection of unused water is essential for economical operation.

Water intercepted by the channels, shutters and that falling onto corrugated

Plastic sheets outside the target area, is directed into a collection tank.

This water is returned to the supply tank by a submersible pump with integral

level-—sensitive switch. 
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Nozzle network

This consists of 48 plastic nozzles arranged in a 8 x 6 matrix, with a

spacing of 500 mm between adjacent nozzles as described by Jacob (1979, 1,2) for

the Salford unit. All the nozzle parts were made from PVC water pipe or PVC

sheet, and assembled using a solvent cement (Fig. 2). (Later nozzles have the

orifice plate machined from brass to allow a more accurate countersink and

orifice dimensions.)

The nozzles are cemented directly on to transverse supply pipes of 25 mm

diameter, each end of which is fitted with a flange, which mates with a

corresponding flange on a 100 mm diameter longitudinal pipe. The method of

assembly allows individual transverse pipes to be removed for inspection or

Cleaning, and, when the pipes are all bolted in place, forms a rigid framework

which is supported by a simple frame of scaffolding poles. Individual nozzles

can be removed by breaking the cement join with a light twisting motion.

Fixed channels

The fixed channels are similar to those described by Nassif and Wilson

(1975) and are ‘v' shaped sections of thin anodised aluminium which rest in

notched cross-members made of painted marine plywood. Each channel is in

sections to facilitate installation and maintenance. The channels run parallel

to the long axis of the simulator and have a 5% slope towards a gutter at one

end. The supporting cross-members have a drip collection channel fixed to the

underside.

Movable shutters

The movable shutters are similar to those described by Jacob (1979, 1,2)

but additional elements (Fig. 3) have been added to catch water running down the

outer surfaces, and so reduce drips. The large flange at the lower side of the

shutter forms a channel to carry away water falling on the upper surface, while

the small channel, formed from a separate strip glued to the main shutter,

serves to remove drips from water which has splashed on the underside. The

shutters are located by pegs into holes in a supporting frame of aluminium

girder, and other pegs provide attachment points for the operating bar of the

servo mechanism. It was not found necessary to provide bearing material, the

movement of the shutters being infrequent and slow.

Servo motor

Shutter position is controlled by a commercial servomotor system. A chain

reduction drive is used to give the correct ratio of shutter movement to motor

rotation. The positioning signal for the servo is derived either from a control

panel potentiometer, or from an automatic sequence controller. The load imposed

by the weight of the shutters is not counterbalanced, so that any backlash in

the chain or link rods is taken up by this load, and reproducibility of shutter

position is mainly dependent on the accuracy of setting the servo positioning

Signal. Shutter position is indicated on a digital voltmeter scaled to read

O-100 in steps of 0.1. (The voltmeter reads a suitably scaled signal from the

servo feedback potentiometer).

Control system

Controls for the simulator are very simple. Switches are provided to

operate the pump and travel unit. These have ‘auto’, ‘on’ and ‘off’ positions.

In the ‘auto’ position control is from an automatic sequence controller. The

shutter servo system has a similar switch, with auto, on and manual positions.

The ‘off' position is connected to move the shutters to the closed position, in

the ‘manual’ position the shutters are positioned according to the voltage set

on a 10 turn potentiometer on the control panel, while in the ‘auto’ mode the 
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control voltage is generated by the automatic controller. A low water level

indicator is also incorporated in the control panel.

Automatic controller

A commercial process controller is used for automatic operation of the rain

simulator. The unit has an analogue output signal, which is used to control the

servo position. It also has seven switch outputs, of which four operate the

main pump, moving target, audible alarm and rain gauge counter, while the other

three are available at terminals to switch ancillary equipment such as chart

recorders.

Instructions to the controller's microcomputer define timed ‘segments’

during which the analogue signal changes from one value to another, and at the

junctions of which switching of any of the seven switch outputs can occur. Thus

a program can be entered which will start the unit at a predetermined time,

perform a sequence of different intensities, and stop. This sequence may be

repeated exactly at will, or may be modified by the operator. Combinations of

automatic and manual control are possible, for example manual start and stop,

with automatic shutter sequencing.

Rain gauge

A tipping bucket gauge is used to check the rain intensity. To allow as

accurate as possible determination in a reasonable time, even at low

intensities, a gauge which tips every 0.2 mm is used. This resolution is

achieved by the use of a standard 1 mm bucket (15 ml/tip) with an oversize gauge

head having a collection area of 750 cm. Although this would not be considered

good practice in a meteorological station, due to evaporation errors causing

underestimates of cumulative totals, in the rain simulator an equilibrium is

achieved and the gauge appears to read consistently against a standard ‘Snowdon’

pattern M.O. gauge.

Measurement of rainfall intensities < 1 mm/hour is time-consuming and can

take over an hour because the first tip of the bucket is discarded as the gauge

takes some time to come to equilibrium. Alternative types of gauge have been

considered and a weighing unit is under investigation.

Moving target assembly

This consists of a large trolley which can move back and forth within the

target area. Upon this is mounted another trolley which can move from side to

side. Both units are moved by hydraulic rams, and operate at different speeds

so that a pseudo-random motion results. The amplitude of movement of both

trolleys is 500 mm, a value chosen to yield a useful increase in uniformity

while maintaining an adequate target area. Figure 4 shows the arrangement of

the trolley system. The large trolley takes about 5 minutes to complete one

cycle of movement, while the smaller trolley has a period of about 33 seconds.

A hydraulic power unit was chosen because it provided smooth motion, was

available in materials suitable for use in wet conditions, and needed minimal

electrical controls. Electrical limit switches operate reversing valves at each

end of the trolley travel and the smaller trolley has additional switches which

operate restrictor valves to slow it down during changes of direction, to

minimise vibration of the plants. All electrical components within the target

area operate at low voltage to ensure operator safety.

Cleaning

Although deionised water is used, scale is eventually deposited on the

orifice plates of nozzles and on the underside of shutters and channels. These

deposits may result from corrosion of the aluminium parts of the simulator, and 
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from airborne contaminants which enter the water during its journey around the

unit

From time to time the affected parts are cleaned with a 5% solution of

citric acid in water to which a trace of 'Teepol’ detergent is added. This

solution is pumped through the nozzles, and wiped over the shutters. Deionised

water is then pumped through the system to remove the remaining acid.

4. PERFORMANCE

Drop size distribution

Several workers, including Laws and Parsons (1943), Marshall and Palmer

(1948), Best (1960), and Mason and Andrews (1960) have investigated the size

distribution of raindrops. The authors generally agree on the range of

distributions found in rains of different intensities and origins. It was

decided for the purposes of our research to concentrate on simulating the

frontal rain showers which are the most common rain type in the British Isles.

Tests were made on commercial and specially designed nozzles (Simmons, 1980) and

a suitable nozzle chosen. The nozzle characteristics were originally measured

using the stain method (Hall, 1970). Later the smaller drops emitted by the

completed simulator were sized using a Particle Measuring Systems analyser type

PDPS-11C fitted with a probe capable of measuring objects up to 0.6 mm diameter,

and simultaneously the stain method was used for the larger drop sizes.

The results are shown in graph 1, which shows a composite graph of the

simulator drop size distributions by both methods. A more detailed description

of the methods is given in appendix 2.

Some drops with diameters of about 2.5 to 2.7 were detected. These are

probably drips falling from the shutters or v-channels, as very few drops of

this size are produced by the nozzles. Altering the intensity by opening or

closing the shutters did not have a detectable effect on the size distribution.

Reducing the operating pressure by 30% caused a slight change in distribution

(Graph 2). The measurements indicate that the simulator has a drop size

distribution similar to that of light frontal rain. The slope of the

distribution can be varied slightly by changing the operating pressure.

Dropenergy

The impact energy of a rain drop depends on its speed. Natural raindrops

have always reached their maximum speed (the terminal velocity) by the time they

reach the ground. This speed, and the free fall needed to achieve it, vary with

drop size (Smith and Wichsmeier, 1962).

The combination of initial ejection velocity and gravitational acceleration

caused all the drops measured by the PMS analyser to have reached 95% of their

terminal velocities as they passed through the measuring beam 1 m above the

target floor. There was no convenient method of measuring the velocities of

drops too large to measure with the PMS apparatus.

Uniformity over target area

The nozzles used in the simulator have a characteristic pattern of

intensity, and, when combined in a large array of identical equally spaced

nozzles, the result is a recurring pattern of predictable form. However

differences in the individual nozzle patterns do cause variations in the

measured rainfall in different places on the target area.

The degree of movement of the moving target assembly is designed to reduce

the effective spatial variation to an acceptable level. The maps show the

Gistribution of rainfall on the moving target, summed over several cycles of 
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movement. Uniformity coefficients, calculated by the method of Christiansen

(1941) are included, so that the performance may be compared with that of other

designs.

Intensity range

The lower limit of intensity is determined by the accuracy and

repeatability with which the simulator can be set. There are two problems in

setting low intensities. One is that a small change in the position of the

shutters produces a large percentage change in intensity, hence the mechanical

and electrical performance of the servo system is most critical at low

intensities. The other problem is that of measuring the rainfall. At an

intensity of 0.5 mm/hour, a standard 5" rain gauge collects only 6.3 ml of water

per hour. In order to set up the intensity in a reasonable time, it is

desirable to obtain a measurement of intensity within 5 minutes, which implies

being able to measure 0.5 ml or 80 of water with an accuracy of +0.05 ml). A

method has been tried using an electronic balance inside a modified rain gauge.

This can be read to within 0.02 g(i.e. 0.02 ml) quite easily.

Intensities of up to 28 mm/hour can be obtained by opening the shutters

fully. Higher intensities are possible by removing some or all of the

v-channels, but the drop size distribution of the nozzles is biased towards

representing low intensities, and so the simulator is not very suitable for higs

intensities.

Drips

Because the simulator has an extensive system of channels and shutters

beneath the nozzles, it has a tendency to produce drips. This problem was

minimised by:-—

a) Coating the lower surfaces of shutters and channels with a plastic which has

little affinity for water, and hence causes drops to fall away at smaller

diameters.

b) Attaching drip-collecting channels to the lower surface of structures

wherever possible.

c) Using the moving target mechanism, which distributes the drips more randomly

over the target area.
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List of equipment and suppliers

Nozzles and pipework

Main pump

Servo motor and amplifier

Automatic controller

Rain gauge

Made from ‘Durapipe' pvc pipe and fittings

(available from plumbers‘ merchants).

Goodenough self priming centrifugal pump.

Goodenough Ltd., Moss Industrial Estate, Leigh,

Lancs., WN7 3PZ.

‘Sumpak', type AU. Ingersoll-Rand Ltd.,

Queensway, Team Valley Trading Estate, Gateshead,

Tyne and Wear NE11 OOB.

McLennan RM 3432 motor, PM 121 servo amplifier,

McLennan Servo Supplies Ltd., Yorktown Industrial

Estate, Doman Road, Camberley, Surrey.

‘Data Trak‘ 73211 process controller, Westlairds

Ltd., North Green, Datchet, Slough, Bucks SL3

9JH.

*‘Artech' MK3 with small base and 750 om”

collector, Artech Meteorological Ltd., Blackwater

Trading Estate, Camberley, Surrey.

Lamps, switches, relays, plugs and sockets were obtained from:

R.S. Components Ltd., PO Box 427,

13-17 Epworth St., London EC2P 2HA.

Suitable items are stocked by many other wholesale and retail component

suppliers. Splash resistant plugs and sockets used for connection of rain

gauge: -

Deioniser

Plastic coated metal parts

Hydraulic pump and rams

Bulgin L1349 range supplied by:

Farnell Electronic Components Ltd.,

Canal Road, Leeds LS2 2TU.

Elga Products Ltd., Lane End, High Wycombe,

Bucks.

Alcan Building Materials, Blackpole Trading

Estate, Worcs.

Smiths Industries, Burford Road, Witney, Oxon.
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APPENDIX 2

Performance measurement methods

Drop size distribution.

The drop size distribution was estimated using two methods:—

Drops from 0 to 0.5 mm diameter were measured using a Particle Measuring

Systems PDPS-11C particle size analyser equipped with a standard 2D probe. It

works by measuring the size of shadow cast by the drop on a linear array of

photocells. Drops from 0.5 to 2.7 mm were estimated using the Stain method

(Hall, 1970).

The PMS probe was mounted vertically on the moving target trolley, so that

its measuring element was 1.2 m above the target surface. The analyser was set

up using a program from the National Institute of Agricultural Engineering which

was intended for pesticide sprayer measurements. It rejects images which are

not sufficiently in focus, those falling on either end element of the photodiode

array, and those which failed the bulk area ratio test. (This is a test of

*‘roundness' since the sizer assumes when calculating drop diameters that the

image is of an approximately spherical object). The handbook for the PDP-11C

contains descriptions of these tests and their mathematical basis.

The probability of detecting a drop close to the maximum size of the

detector’s capability is very gmall, so sample times of up to 4 hours had to be

used. The manual advises against accepting data for size classes greater than

0.55 mm (the detector'’s maximum is 0.62 mm) since these data represent a very

small sample multiplied by a very large correction factor.

The stain method uses the relationship between the diameter of stain made

by a drop absorbed on an absorbent medium, and the diameter of the drop. This

relationship has been determined experimentally by a number of workers using

Whatman No. 1 filter paper. The quoted coefficients vary from author to author,

go we chose values in the middle of the range.

oe 0.66
a = (3.3 /

where @ = drop diameter, D = stain diameter.

About 50 filter papers were briefly exposed to the rain by uncovering a

tray containing the papers, beneath the simulator array. The papers were

prepared by drying in a aesiccator, then dusting with powdered Brom-—cresol

green. This is brownish-yellow when dry, but changes to blue when wet. The

resulting stains were Classified into size groups using @ particle sizing

program on an Optomax image analyser. Stains made by drops <0.6 mm in diameter

were not reliably counted, as they were irregular in shape and not deeply

coloured enough to be detected. Drops greater than about 2.75 mm diameter

tended to splash, producing irregular stains with poor outlines. These effects

defined the limits over which measurements could be made.

Presentation of results

Combination of the two methods results depends on subjective estimation, as

there is little overlap, and no absolute reference to relate the two sets of

results, because neither method allows a straightforward calculation of numbers

of drops per unit area per unit time. Converting the numbers to logarithms does

allow us to plot the results on one graph since the intercept on the 'log number

of drops' axis is an arbitrary scale factor which can be varied so that the two

sets of points are aligned at their junction. Since the distribution of drops

by size is likely to be a continuous function, the slope of the curves either 



side of the junction should be similar. If they were not, an error in one of

the methods might be indicated. There was considerable uncertainty attached to

the values at the larger end of the PMS range, for reasons given already, and so

groups of 15 size classes were averaged to get a more reliable estimate of the

mean slope. Where the slope changed more rapidly but consistently from one size

class to another, means of five adjacent classes were plotted. It is difficult

to get an estimate of the accuracy of the PMS analyser results, as there is only

one estimate for each size class and its accuracy depends on both the number of

drops sampled and the square root of the factor applied to correct for effective

sample volume. NIAE regard unexpected discontinuities in the slope of a size

distribution with suspicion unless they appear on a number of repeated runs, but

do no formal statistics, since it is fairly obvious from the look of the graph

whether it is a good estimate of the distribution. It is possible however to

devise some kind of standard error for the groups of five and 15 adjacent size

classes mentioned above, by treating the curve as being linear over these short

size ranges, and each value as a contributor to a mean estimate of log (no. of

drops) against diameter. With the stain method, replication of the entire sample

several times is the only way of obtaining information about the variability of

the estimate. In this series of tests there was not enough time or materials to

replicate runs, but some assumptions may be made by comparing runs made with

different settings, but which gave similar results. Thus, for example, the

unexpected peak at 2.5 to 2.7 mm appeared in all the runs, and is therefore very

unlikely to be due to chance.

Uniformity

Uniformity of distribution was tested by collecting the rain in 100 mm

diameter plastic containers at 70 equally spaced positions over the target area.

The volume of water in each was measured and the measurements used to prepare a

map.

The maps display the areas which differ more than 5% from the mean value.

Christiansen's uniformity coefficient is expressed for evenly spaced

samples as

cu = 1-£{x-x!

rx

where x, ... n are the individual observations and £x is the sum of these

observations. It tends towards 1 for uniform distributions.
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(* denotes Reports now out of print)

The botany, ecology, agronomy and control of Poa trivialis L. rough-
stalked meadow-grass. November 1966. GP Allen. Price - £0.25

Flame cultivation experiments 1965. October 1966. GW Ivens. Price - £0.25

The development of selective herbicides for kale in the United Kingdom.
2. The methylthiotriazines. Price - £0.25

The liverwort, Marchantia polymorpha L. as a weed problem in
horticulture; its extent and control. July 1968. IE Henson. Price - £0.25

Raising plants for herbicide evaluation; a comparison of compost types.
July 1968. IE Henson. Price - £0.25

Studies on the regeneration of perennial weeds in the glasshouse;
I. Temperate species. May 1969. IE Henson. Price —- £0.25

Changes in the germination capacity of three Polygonum species following
low temperature moist storage. June 1969. IE Henson. Price - £0.25

Studies on the regeneration of perennial weeds in the glasshouse.
II. Tropical species. May 1970. IE Henson. Price — £0.25

Methods of analysis for herbicide residues. February 1977. (second
edition). Price - £5.75

Report on a joint survey of the presence of wild oat seeds in cereal seed
drills in the United Kingdom during spring 1970. November 1970.
J G Elliott and P J Attwood. Price - £0.25

The pre-emergence selectivity of some newly developed herbicides,
Orga 3045 (in comparison with dalapon), haloxydine (PP 493), HZ 52.112,
pronamide (RH 315) and R 12001. January 1971. WG Richardson, C Parker
and K Holly. Price. £0,525

A survey from the roadside of the state of post-harvest operations in
Oxfordshire in 1971. November 1971. A Phillipson. Price - £0.25

The pre-emergence selectivity of some recently developed herbicides
in jute, kenaf and sesamum, and their activity against Oxallis
latifolia. December 1971. ML Dean and C Parker. Price — £0.25 



A survey of cereal husbandry and weed control in three regions of

England. July 1972. A Phillipson, T W Cox and J G Elliott.

Price — £0535

An automatic punching counter. November 1972. R C Simmons.

Price £05.30

The pre-emergence selectivity of some newly developed herbicides:

bentazon, BAS 3730H, metflurazone, SAN 9789, HER 52.123, U 27,267.

December 1972. WG Richardson and ML Dean. Price — £0.25

A survey of the presence of wild oats and blackgrass in parts of the

United Kingdom during summer 1972. A Phillipson. Price - £0.25

The conduct of field experiments at the Weed Research Organization.

February 1973. J G Elliott, J Holroyd and T O Robson. Price -

£25

The pre-emergence selectivity of some recently developed herbicides:

lenacil , RU 12068, metribuzin, cyprazine, EMD-IT 5914 and benthiocarb.

August 1973. WG Richardson and ML Dean. Price - £1.75.

The post-emergence selectivity of some recently developed herbicides:

bentazon, EMD-IT 6412, cyprazine, metribuzin, chlornitrofen, glyphosate,

MC 4379, chlorfenprop-methyl. October 1973. WG Richardson and

MeL: Dean. Price-—=2£3%5 |

Selectivity of benzene sulphonyl carbamate herbicides between various

pasture grasses and clover. October 1973. AM Blair. Price - £1.05

The post-emergence selectivity of eight herbicides between pasture
grasses: RP 17623, HOE 701, BAS 3790, metoxuron, RU 12068, cyprazine,

MC 4379, metribuzin. October 1973. AM Blair. Price - £1.00

The pre-emergence selectivity between pasture grasses of twelve

herbicides: haloxydine, pronamide, NC 8438, Orga 3045, chlortoluron,

metoxuron, dicamba, isopropalin, carbetamide, MC 4379, MBR 8251 and

EMD-IT 5914. November 1973. AM Blair. Price - £1.30

Herbicides for the control of the broad-leaved dock (Rumex obtusifolius

L.). November 1973. AM Blair and J Holroyd. Price - £1.06

Factors affecting the selectivity of six soil acting herbicides against
Cyperus rotundus. February 1974. ML Dean and C Parker. Price - £1.10

The activity and post-emergence selectivity of some recently developed

herbicides: oxadiazon, U-29,722, U-27,658, metflurazone, norflurazone,

AC 50-191, AC 84,777 and iprymidam, June 1974. W G Richardson and
M L=Deanses Price: = £3-62

A permanent automatic weather station using digital integrators.

September 1974. RC Simmons. Price £0.63.

The activity and pre-emergence selectivity of some recently developed

herbicides: trifluralin, isopropalin, oryzalin, dinitramine, bifenox

and perfluidone. November 1974. W G Richardson and M L Dean.

Price — £2.50 
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A survey of aquatic weed control methods used by Internal Drainage
Boards, 1973. January 1975. TO Robson. Price - £1.39

The activity and pre-emergence selectivity of some recently developed
herbicides: Bayer 94871, tebuthiuron, AC 92553. March 1975.
W G Richardson and M L Dean. Price - £1.54

Studies on Imperata cylindrica (L.) Beauv. and Eupatorium odoratum L.
October 1975. GW Ivens. Price - £1.75

The activity and pre-emergence selectivity of some recently developed
herbicides: metamitron, HOE 22870, HOE 23408, RH 29155 RP 520630.
March 1976. WG Richardson, M L Dean and C Parker. Price - £3.25

The activity and post-emergence selectivity of some recently developed
herbicides: HOE 22870, HOE 23408, flamprop-methyl, metamitron and
cyperquat. May 1976. WG Richardson and C Parker. Price - £3.20

The activity and pre-emergence selectivity of some recently developed
herbicides: RP 20810, oxadiazon, chlornitrofen, nitrofen, flamprop-
~isopropyl. August 1976. WG Richardson, ML Dean and C Parker.
Price =-£2.75.

The activity and pre-emergence selectivity of some recently developed
herbicides: K 1441, mefluidide, WL 29226, epronaz, Dowco 290 and
triclopyr. November 1976. W G Richardson and C Parker. Price - £3.40.

The activity and post-emergence selectivity of some recently developed
herbicides: KUE 2079A, HOE 29152, RH 2915, Triclopyr and Dowco 290.
March 1977. WG Richardson and C Parker. Price - £3.50

The activity and pre-emergence selectivity of some recently developed
herbicides: dimefuron, hexazinone, trifop-methyl, fluothiuron,
buthidazole and butam. November 1977. WG Richardson and C Parker.
Price - £3.75.

The activity and selectivity of the herbicides: ethofumesate, RU 12709
and isoproturon. December 1977. WG Richardson, C Parker, & ML Dean.
Price - £4.00

Methods of analysis for determining the effects of herbicides on soil
soil micro-organisms and their activities. January 1978. M P Greaves,
S L Cooper, H.A Davies, J A P Marsh & GI Wingfield. Price - £4.00

Pot experiments at the Weed Research Organization with forest crop andweed species. February 1978. D J Turner and W G Richardson.Price = £2.70

Field experiments to investigate the long-term effects of repeated
applications of MCPA, tri-allate, simazine and linuron —- effects on
the quality of barley, wheat, maize and carrots, July 1976.
JD Fryer, P D Smith and J W Ludwig. Price -— £1.20.

Factors affecting the toxicity of paraquat and dalapon to grass swards.
March 1978. AK Oswald. Price - £2.90

The activity and post-emergence selectivity of some recently developed
herbicides: NP 48, RH 5205 and Pyridate. May 1978. WG Richardson
and C Parker. Price - £2.50 



Sedge weeds of East Africa - II. Distribution. July 19785 -°Psd Terry.

Prices tl.o0

The activity and selectivity of the herbicides methabenzthiazuron,

metoxuron, chlortoluron and cyanazine. September 1978.

WG Richardson and C Parker. Price - £2.20.

Antidotes for the protection of field bean (Vicia faba L.) from damage

by EPTC and other herbicides. February 1979. AM Blatre-s tericer bl. 30

Antidotes for the protection of wheat from damage by tri-allate.

February :19795- ee M Blair. erice = "£2200

The activity and pre-emergence selectivity of some recently developed

herbicices: alachlor, metolachlor, dimethachlor, alloxydim-sodium and

fluridone. April 1979. WG Richardson and C Parker. Price - £3.00

The activity and selectivity of the herbicides carbetamide, methazole,

R 11913 and OCS 21693. May 1979. WG Richardson and C Parker. Price - £1.80

Growing weeds from seeds and other propagules for experimental purposes.

July 1979. RH Webster. Price - £1.10

The activity and pre-emergence selectivity of some recently developed

herbicides: R 40244, AC 206784, pendimethalin, butralin, acifluorfen

and FMC 39821. December 1979. WG Richardson, T M West and C Parker -

Price: = £37.55

The tolerance of fenugreek (Trigonella foenumgraecum L.) to various

herbicides. December 1979. WG Richardson, Price - £1.55

Recommended tests for assessing the side-effects of pesticides on the

soil microflora. April 1980. M P Greaves, N J Poole, K H Domsch,

G Jagnow and W Verstraete. Price — £2.00

Properties of natural rainfalls and their simulation in the laboratory

for pesticide research. September 1980. RC Simmons. Price - £1.25

The activity and post-emergence selectivity of some recently developed

herbicides: R 40244, DPX 4189, acifluorfen, ARD 34/02 (NP 55) and

PP 009. November 1980. WG Richardson, T M West and C Parker. Price - £3.75

. The activity and pre-emergence selectivity of some recently developed

herbicides: UBI $-734, SSH-43, ARD 34/02 (= NP 55), PP 009 and DPX 4189.

February 1981. WG Richardson, T M West and C Parker. Prices.3.00

. The activity and post-emergence selectivity of some recently developed

herbicides: SSH-41, MB 30755, AC 213087, AC 222293 and Dowco 433.

May 1981. WG Richardson, T M West and C Parker. Price - £3.50

The activity and pre-emergence selectivity of some recently developed

herbicides: chlomethoxynil, NC 20484 and MBR 18337. March 1982.

WG Richardson, T M West and C Parker. Price - £37.00

A system for monitoring environmental factors in controlled environment

chambers and glasshouses. June 1982. RC Simmons. Price - £1.50 



The activity and pre-emergence selectivity of some recently developed
herbicides: AC 213087 and AC 222293. December 1982. WG Richardson,
T M West and C Parker. Price - £2.00

The activity and post-emergence selectivity of some recently developed
herbicides: trifopsime, glufosinate, RH 8817, MBR 18337 and NC 20484.
December 1982. WG Richardson, T M West and C Parker. Price - £3.25

The activity and pre-emergence selectivity of some recently developed
herbicides: WL 49818, WL 82830, WL 83627, WL 83801 and DPX 5648.
December 1982. WG Richardson, T M West and C Parker. Price —- £4.00

The activity and late post-emergence selectivity of some recently
developed herbicides: AC 252925, DOWCO 453, HOE 33171 and HOE 35609.
March 1983. WG Richardson, T M West and G P White. Price - £3.25

The potential of various herbicides for selective control of weed

grasses and Stellaria media in newly sown ryegrass/clover leys and

ryegrass seed crops. May 1983. F W Kirkham Price - £1.75

A feasibility study of the use of chemicals for rural amenity areas.
Sponsored by the Countryside Commission. September 1983. E J P Marshall
Price - £5.00

The activity and late post-emergence selectivity of FBC 32197.
November 1983. W G Richardson, T M West and G P White. Price - £1.25

Paraquat persistence - statistical analysis of the WRO long term trial.
January 1984. R J Hance, T H Byast and T M Weight. Price - £1.00

The activity and post-emergence selectivity of some recently developed
herbicides: AC 252214, DPX-T6376, and chlorazifop. February 1984.
W.G Richardson, T M West and G P White. Price - £2.00.

The, effect of temperature and soil moisture on the activity of isoproturon
and chlortoluron on Alopecurus myosuroides and winter wheat. May 1984.
AM Blair. Price - £2.00

A laboratory rainfall simulator for pesticide studies. May 1984.
RC Simmons. Price - £2.00

 


