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A LABORATORY POT SPRAYER FOR USE WITH CONTROLLED ENVIRONMENT CHAMBERS
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INTRODUCTION

When investigating the effects of environmental factors on pesticides,

using environmental chambers, it is often desirable to spray the plants

without removing them from the chamber. It has not been possible to do this

with conventional laboratory sprayers which are permanently installed in fixed

locations. So, we examined ways in which a sprayer might be made to operate

inside or close to a walk-in plant growth chamber. There are many problems

associated with spraying plants inside a room which has predominantly

recirculated air. Contaminated air is a hazard to other plants in the room

and to the operator. Any traces of herbicide remaining on the walls and floor

of the room are also potential hazards. Pots usually require sorting from a

randomised layout before spraying for which extra space is required. A

sprayer inside the room will encroach on the available space which may be very

limited if the room is being used to maximum capacity. We therefore decided

to concentrate on developing a sprayer which could be attached to the doorway

of a walk-in growth room. The mechanism of the sprayer could then be made a

convenient size and a unit arranged to accept plants from an operator within

the room and return it to him after spraying. A ventilation system which

draws air from the room and expels via a filter has the dual effect of

minimizing contamination of the room's air and of causing the sprayer interior

to adopt the environmental conditions of the host room.

DESIGN REQUIREMENTS

The controlled environment rooms at WRO are Votsch VKZPH units with an

internal area of approximately 5 x 3m. Plants are grown on 19 trolleys, each

0.7m x 0.7m arranged in three rows of six, with a gangway between two of the

rows, and a single trolley at the end of the gangway.

Throughput

The first requirement for a sprayer to be used with these rooms is that

the throughput of plants is sufficient to allow experiments to be sprayed in

reasonable time. Using a conventional laboratory sprayer 2 people can spray 8

batches of 8 plants, changing herbicides between batches, in about 40 minutes,

so it seemed reasonable to expect the same order of throughput from the new

sprayer. There would not be any time spent wheeling trolleys of plants to and

from the sprayer but time must be allowed for moving the unit from room to

room. If 10 minutes out of the 40 are allowed for such things as changing

herbicides then the unit must be capable of spraying 64 plants in 30 minutes,

i.e. just over one plant every 30 seconds.

Airflow

A flow of air out of the controlled environment chamber through the

sprayer via a vent pipe and filter to the atmosphere is required. This

performs two purposes. First, it ensures that air containing spray drops and

vapour is removed from the operating area of the spayer. Second, the air in

the sprayer tends to have the same temperature and humidity as the room from

which it came. This minimises environmental shocks and allows spraying to be

performed at conditions. close to those of the growth chamber. The air

velocity must be great enough to overcome turbulent effects at the doorway but

not so great that it distorts the spray pattern or causes excessive demands on

the room's air conditioning. Smoke tests indicated that a velocity greater 
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than 0.05 m/sec was required at the sprayer door junction. To achieve even

this velocity an air loss rate of about 150 cubic metres an hour is required.

This is 50% more than the normal air exchange in the growth room.

Operating staff

The WRO unit was envisaged from the beginning as a machine requiring two

operators. One prepares the plants for spraying, loads and unloads them and

returns them to their places in the chamber, while the other who works from

outside the machine fills the reservoirs, sets and monitors the operating

conditions and controls the sprayer. This philosophy simplifies the design of

the unit, avoids the need for quantities of herbicide to be taken into the

growth chamber and allows safer operation of the machine since two people are

always present when it is being used.

Spraying methods

Hydraulic nozzles and rotary atomizers are used routinely at WRO and

provision was made for both types of application when designing the sprayer.

New types of application equipment are constantly under development and it is

desirable to be able to accommodate new devices in the sprayer if necessary.

The sprayer was therefore designed with this in mind. The rotary disc unit is

removable to allow other units to be installed and both electrical and

pneumatic signals are available for operating equipment.

CONSTRUCTION

Main features

The sprayer (Fig. 1) consists of an insulated cabinet mounted on a

wheeled frame. Inside the cabinet an ovoid track encircles a central pillar

which contains the air exhaust outlet. A spray assembly is suspended above

one of the straight portions of the track, and comprises a moving spray head,

driven pneumatically, and a fixed head fitted with a rotary disc atomizer.

The spray assembly height is adjustable. One end of the cabinet has a docking

doorway intended to mate with the doorway of a controlled environment

chamber.

Cabinet

The cabinet is constructed in sections. The lower section is fabricated

from 1.5" x 1.5" x 1/8" angle iron; it supports the track and main cabinet

and contains the track driving unit and speed control.

The centre section is constructed from 2" x 2" x 1/8" angle iron clad all

around with a 2.25" thick hardboard and polystyrene foam sandwich. On one

side is an aluminium framed double glazed access door. The centre section

also supports the exhaust systems and docking door. Above the centre section

is mounted the spray assembly housing and the height adjustment mechanism.

The control panel is to the left of the access door.

Docking door

One end of the cabinet has an aperture that fits the doorway of the

controlled environment room and clamps into position (Fig. 2). An underfloor

duct runs from near each room to a filtered exhaust. A fan in the duct

induces a lower pressure in the cabinet via the exhaust system and draws the

air from the C/E room into the cabinet. 
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Safety door The lower part of the docking door assembly is blocked by an

insulated panel which may be pushed outwards to allow escape from the room in

an emergency. The wheeled frame is recessed to allow easier egress.

Track
The track is oval with a moving surface of plastic slats attached to a

continuous chain driven from below by a sprocket, governed by a reduction gear

and differential pulley driven by a 3 phase electric motor. Metal trays ride

on the track, the plants to be sprayed are placed on the trays.

Track speed indicator The track speed is indicated by an electronic

tachometer (Fig.3). A slotted disc is attached to the output shaft of the

track drive and this interrupts a light beam passing between a light emitting

diode and an optical sensor. The pulses from the sensor are fed to the input

of a '555' timer which produces pulses of constant width and amplitude. These

pulses are integrated by a diode-capacitor network, and the resulting DC

voltage is displayed on a meter.

Exhaust system

The air in the cabinet is exhausted via a row of holes to the rear of the

centre column, out through the bottom of the cabinet to a flexible pipe

connected to the floor duct extraction system.

Drainage

All liquids in the cabinet are collected in two trays one at each end of

the cabinet and fed through the bottom of the cabinet via an interconnecting

pipe to the drain.

Spray system

Air inlet Air from a laboratory supply at 552 kPa (80 1b/in? ) is fed viaa

self-sealing bayonet coupler to a manifold for distribution to the three

pneumatic circuits. A filter and a moisture trap are included in the supply

line.

Hydraulic spray head The spray head is a conventional hydraulic nozzle fitted

to the bottom of a 500 ml liquid container on the travel unit. A solenoid

valve fitted immediately before the nozzle controls the spray. The spray

container is mounted on the travel unit trolley (fig 4) and is removed for

filling or cleaning. High pressure air is reduced to the required spray

pressure by a reducing valve and fed to the liquid container mounted on the

travel unit. A pressure gauge displays the pressure.

Travel unit The spray head transporter is powered by a 'Mardrive' pneumatic

transport system. This consists of a tube containing a piston driven to and

fro by air pressure. The piston has a series of magnets mounted in it, and on

the outside of the tube runs a trolley also mounted with magnets. The

connection between the trolley and the piston is provided by the fields of the

magnets. The speed of the trolley is governed by the air pressure acting upon

the piston and the direction by means of a changeover valve. Two pressure

control valves are used. One valve regulates the air through an inline

lubricator and controls the speed of the transport; a gauge indicates the

pressure. The other valve supplies air at a set pressure to operate the

control valves.

Inconsistencies in the performance of the Mardrive unit have led us to

consider alternative drive systems, with the assistance of NIAE. At the time

of writing, however, an alternative has not been selected for trial.

A commercially available timer chip and display are used to show the time

taken to travel over the central 0.5 m of the Mardrive track. Microswitches 



Fig.4.Sprayhead

Tubesupportingairsupplypipe

Tubeforstabilisingtrolley

Tubewithmagnet-carryingpistoninside

Stabilisingtrolley

Driventrolley+hedmagnets

Solenoidvalve

Spraynozzleonbayonet

 



mounted on the track supports are used to trigger the timer.

Spinning disc unit The multiple disc unit is completely shrouded in a Plastic
chamber and has a separate drain to the bottom of the cabinet. The discs are
individually fed by stainless steel tubes from a manifold mounted on top of
the chamber, and are driven by an electric motor. The chamber has a spray
aperture covered by a solenoid controlled shutter. The unit is mounted upon
an off-centre pivot which adjusts the aperture orientation to correct for the
changes in swath direction at different disc speeds. High pressure air is fed
via a reducing valve to the spray container mounted beneath the control panel.
The liquid flow from the container is controlled by an adjustable needle
valve, passes through a tap measured by two inline flow meters, and is fed to
a manifold on top of the disc unit.

Disc speed control The rotary disc atomiser is driven by a small DC motor
with integral tachogenerator (fig 5). TR1 and TR2 form an amplifier feeding a
voltage to the motor whose magnitude is controlled by the variable 10 KN
potentiometer. TR3 provides current limiting since the base-emitter voltage
of TR3 depends on the voltage across R2, which will vary according to the
current passing through it. If the voltage across R2 rises above about 0.6V,
corresponding to a motor current of about 90 ma, then TR3 will start to
conduct, lowering the base voltage of TR1 and hence the voltage applied to the
motor. Note that under motor short circuit conditions, R2 may have to
dissipate up to 1W, and should be rated accordingly. The tachogenerator
output is amplified and fed to ICl, a '555' device wired as a monostable. The
output from ICl is a stream of pulses of uniform amplitude and width,
generated at the tachogenerator output frequency. The 22uf capacitor
integrates these pulses to give a mean DC level which is proportional to
frequency. This voltage is displayed on a meter, which is scaled to read
directly in revolutions/minute.

Height adjustment On top of the cabinet and directly above the track is a
double glazed steel framework at each end of which are two aluminium tubes
running in nylon guides. The tubes support the Mardrive and disc unit.
Connected to the ends of each tube are two steel cables which run over pulleys
to the outside of the cabinet. The cables are wound one clockwise and one
anticlockwise about grooved aluminium drums. The drums are linked by a steel
shaft driven by a handwheel through a wormdrive. Operating the handwheel
raises or lowers the spray and disc mechanisms.

Control system

The need to accommodate different spraying methods, and to allow for
future developments, means that the sprayer must have several modes of
operation. These modes allow for different combinations of track and
sprayhead movement as well as operation of the appropriate spray solenoid or
disc shutter. [In addition, manual operation of each part of the unit is
possible.

Plant detector For all the automatic modes a photoelectric detector senses
the presence of an object on the track as it passes into the straight section
of the track. The signal from this detector starts the appropriate cycle of
operations. During a cycle, further detector signals are ignored, thus
preventing premature restart of the cycle. The dectector is a commercial unit
made by Photain Controls. It consists of a light source and detector head
mounted side by side in the cental pillar of the sprayer, and a reflector
mounted on the opposite side of the track. Any interruption of the beam will
trigger the detector and activate its output relay. 



 

 

Fig. 5 Rotary disc atomiser speed control and indicator circuit 



Modes of operation

Disc mode In this mode, the detection of the plant pot causes the following
sequence of events:

Time delay.

Disc shutter opens.

Further time delay, during which shutter remains open.

Disc shutter closes.

The time delays in steps 1 and 3 are adjustable to allow for changes of :
track speed, a single control knob adjusts both timers, since the ratio of the
two is always constant.

Static spray mode Detection of the plant causes the following events:

Time delay.

Spray solenoid is operated.

Further time delay, during which spray solenoid remains actuated.

Spray solenoid releases.

The logic of this operation is identical to that of the disc mode, except
that the spray solenoid is operated instead of the disc unit shutter.

Spray solenoid actuated, travel start solenoid actuated
momentarily.

Spray head travels forward, spraying.

Spray head strikes first microswitch, run timer starts.

Spray head strikes second microswitch, spray solenoid releases,
run timer stops and displays time for that run.

Spray head strikes reversing valve actuator, spray head

returns to home position.

The time delay in step 1 is derived from one of the timers used in the
other modes, but a different time constant capacitor is used to allow the

correct range of delays to be obtained.

Sequence controller This consists of two timers plus associated relays and
Switches. Fig. 6 shows the circuit of the controller. Closure of the
detector relay contact causes TR1 and TR2 to turn on. TR1 operates the

counter, while TR2 initiates a timing cycle of the first '555' timer. This is
wired as a monostable and its function is to provide the delay necessary for
the plant to travel from the point of detection to the point at which the
spraying operation starts. Capacitors Cl and C2 provide alternative ranges,
selected by the mode switch, because delays needed for the travelling spray
mode are shorter than those needed for the static modes. Setting of the delay
time is by one half of the ganged potentiometer. At the end of the delay
period, the output of ICl goes low, initiating a timing cycle of IC2, alsoa
'555' device.

IC2's output is directed by one set of contacts of the mode switch while
another set control the duration of the ‘output high' condition. In the
travelling spray mode, IC2 produces only a brief pulse, sufficient to energise

the travel start solenoid via TR5 and the spray relay A via TR6. A latches on

through its own contacts Al until released by the sprayhead reaching and

operating a microswitch the far end of the travel path.. The travel start

solenoid operates a pneumatic valve, which causes the travel reverse valve to
operate, sending the sprayhead along the travel unit. At the other end of the

travel path a mechanically operated valve releases the reverse valve allowing

the sprayhead to return to its home position. 



PcaEe

, Detector

a

Fig. 6 Sequence controller circuit

SWITCHES RELAYS & SOLENOIDS

A Spray hold relay
D Disc shutter solenoid

R Track motor contactor

5S Spray solenoid

T Travel solenci¢

Mode (disc,static,travelling)
Disc shutter

Travel (rin position is non-locking)
Track

Spray

Emergency track stop
EOT End of travel microswitch Ci-C3 are selected on test to give correct delay ranges. 



12

In the disc or static spray mode, IC2 has an 'ON' time set by the other

half of the ganged potentiometer. This controls the duration of spraying or

disc shutter opening, the choice of device being controlled by a changeover

contact on the mode switch. TR3 and TR4 are connected as a darlington pair

amplifier to ensure rapid and complete operation of the appropriate solenoid.

Miscellaneous features

Intercom A low cost domestic intercom is provided between the operating

position and the control panel, to allow conversation when the unit is locked

onto an environment chamber.

Safety devices A track stop switch is installed over the loading/unloading

aperture so that the operator may stop the track motion at will. Operation of

the stop button halts the track and inhibits spray travel. The stop button

latches until released by rotation of the switch collar.

PERFORMANCE

Track speed range

To achieve the required range of disc and hydraulic spray volumes we

needed a track speed range of 0.1 to 0.4 m/sec. The conveyor drive is in fact

capable of running at any speed between 0.04 and 0.46 m/sec. Practical upper

limit for all but the smallest target plants is 0.3 m/sec; above this speed

Plants tend to shake. At 0.1 m/sec plants take 48 seconds to travel round the

conveyor so speeds lower than 0.1 m/sec are of limited use.

Spray canister travel speed range

The travel mechanism can be switched off, so that the spray head remains

stationary, or can travel at up to 0.5 m/sec. At low speeds, below about 0.07

m/sec, speed stability is poor, with corresponding variations in spray

deposit.

Spray volume rates

The hydraulic spray unit is normally fitted with a Spraying Systems 8001

‘Teejet’ nozzle. At a track speed of 0.1 m/sec, and the mardrive unit static,

the nozzle will deliver about 1000 1/ha. At the maximum combined track and

travel speed of 0.9 m/sec the nozzle delivers about 110 l/ha.

Disc volume rates

The volume rate delivered by a rotary disc atomizer can be varied by

changing the flow rate to the discs. The maximum flow possible with the

four—disc unit fitted to the sprayer is about 100 ml/minute, which at a track

speed of 0.1 m/sec gives a volume rate of 90 1/ha. The flow rate may be

reduced to as low as 20 ml/minute, giving a volume rate of 9 l/ha at 0.2

m/sec. Further reduction in flow rate results in irregular delivery of liquid

to the discs, but this may be prevented by closing off one or more disc feed

Pipes. Using just one of the discs, volume rates of 2-3 l1/ha can be

produced.

Air flow

The air leaving the sprayer passes through a filter unit before discharge

to the atmosphere. The resistance of this filter effectively governs the air

flow rate for a given fan power, irrespective of the length of ducting between

the sprayer and discharge vent. A fan was chosen which gave a mean linear air

velocity of 0.05 m/sec at the sprayer/room junction. This is just adequate to

prevent spray vapour from passing into the C.E. chamber. At this speed about

150 m of air is drawn from the chamber per hour, and the chamber's

environmental control equipment has sufficient capacity to condition the 
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corresponding quantity of fresh air drawn in to replace it.

Temperature and humidity

The sprayer draws air from its host room, but is subject to conductive

and radiative exchange of heat with its surroundings, and to leakage of air

via the track drive. The conditions inside the sprayer are therefore not

identical to those in the room, but the plant being sprayed experiences

gradual rather than abrupt changes, and the temperature and humidity

aifferences are less than would be experienced if the sprayer was ventilated

by ambient air. Graph 1 is an example of the temperature inside the sprayer

for given ambient and chamber conditions.

Uniformity of spray deposition

The sprayer was tested under conditions as Similar as possible toa

typical experiment. It was compared with a travelling boom pot sprayer which

had been in use for several years and was generally considered to have

satisfactory evenness of spray deposition. The same type of nozzle was used

on each sprayer. Two groups of wild oat plants chosen at random were sprayed

with a herbicide, one group on each sprayer. Mean volume rates (measured by

weight of herbicide deposited on a dish) were adjusted to within 5% of each

other. A third group of plants was left unsprayed. The plants were

subsequently harvested and the results statistically analysed. Short term

variations in spray deposit will be manifest as increased variance of foliage

weight, while volume rate drift during the run will show as a change in the

mean foliage weight between earlier and later sprayed plants.

Table 1 shows the results of this test. The means and variances are

almost identical for the two sprayers, while the older sprayer showed slightly

more variation between successive means. These data indicate that the new

sprayer is likely to be at least as uniform as the older unit, if not more

so.

Table 1

Comparison of sprayer performance with that of existing laboratory sprayer

Foliage fresh weight 3 weeks after spraying

C.E. sprayer Lab. sprayer Unsprayed control

Mean of first 10 plants . 46 .50

Mean of 2nd 10 plants . 47 +36

Mean of 3rd 10 plants 41 49

Grand mean .. 45 - 46

Variance

Coefficient of variation 76 <2

The authors would like to thank Mr R. Kibble-White and Mr R.Poddy for

their help in the design and construction of the sprayer, and Mr C.J. Stent

for the design and assembly of the electronics. Dr J.C. Caseley and Mr C.R.

Merritt lent their valuable expertise in the initial design. 



APPENDIX

List of suppliers

*Mardrive’ pneumatic drive

‘Rex' flexible chain conveyor

Electronic components

Pneumatic components

Marine Engineering Ltd

Stockport, Cheshire

LSP Engineers Ltd.

Collingwood Ironworks

18 Northdown Street

London N.1.

R S Components Ltd

P O Box 939

Corby

Northants NN17 9RS

Enotts Ltd

P O Box 22

Eastern Avenue

Litchfield, Staffs.
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* 20. A survey of cereal husbandry and weed control in three regions of
England. July 1972. A Phillipson, T W Cox and J G Elliott.
Priice.— £035

An automatic punching counter. November 1972. R C Simmons.
Price — £0.30

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 -
i275

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
ML Dean. Price - £3.31

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. WG Richardson and
ML Dean. 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. WG 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 2915, RP 20630.
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 end pre-emergence selectivity of some recently developed
herbicides: RP 20810, oxadiazon, chlornitrofen, nitrofen, flamprop-
~isopropyl. f/ugust 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, & M L. 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 1978.
J D Fryer, P D Smith and J W Ludwig. Frice - £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 1978. P J Terry.
Pricex—efd7. 50

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 Blair. Price - £1.35

Antidotes for the protection of wheat from damage by tri-allate.
February 1979. AM Blair. Price - £2.00

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 - £3.55

The tolerance of fenugreek (Trigonella foenumgraecum L.) to various
herbicides. December 1979. W G Richardson, Price - £1.55

Recommended tests for assessing the side-effects of pesticides on the
soil microflora. April 1980. MP 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 - £3575

The activity and pre-emergence selectivity of some recently developed
herbicides: UBI S-734, SSH-43, ARD 34/02 (= NP 55), PP 009 and DPX 4189.
February 1981. WG Richardson, T M West and C Parker. Price - £3.50

. 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.
W G Richardson, T M West and C Parker. Price - £3.00

A system for monitoring environmental factors in controlled environment

chambers and glasshouses. June 1982. R C 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. WG 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, P D Smith 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

Experiments on the effects of the herbivorous fish, grass carp

(Ctenopharyngodon idella Val.) on aquatic vascular plants, algae, zooplankton

and phytoplankton and the importance of water temperature on the success of

weed control. September 1984. MC Fowler. Price - £3.50.

The activity and post-emergence selectivity of some recently developed

herbicides: MCPA-thioethyl, MI-124, tridiphane, aclonifen and RST 20024 H.

October 1984. WG Richardson and T M West. Price - £5.40

A preliminary study on the effect of some agricultural herbicides on a range

of field margin flora. November 1984. JE Birnie. Price - £2.50

The activity and pre-emergence selectivity of some recently developed

herbicides: imazaquin, isoxaben, metsulfuron-methyl, aclonifen and

orbencarb. December 1984. WG Richardson and T M West. Price - £6.50 
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The side effects of alloxydim sodium, sethoxydim, acifluorfen and
fluazifop-butyl on legume growth and nodulation. January 1985. J M Bebb,
M P Greaves and W G Richardson. Price - £3.00

An IRGA system for continuous monitoring of CO, and H,C vapour exchange
in replicate plants growing in controlled environments. January 1985.
C R Merritt and R C Simmons. Price - £3.00

A laboratory pot sprayer for use with controlled environment chambers.
February 1985. RC Simmons and J A Drinkwater. Price - £2.50

 


