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Summary

The effect of isoproturon and chlortoluron on wheat and A. myosuroides

growing under different temperature regimes (10/6, 16/10 and 26/16 C) was

investigated in controlled environment rooms. Absolute humidity deficit and

light were the same in the three temperature regimes and soil moisture was

maintained around field capacity. The activity of chlortoluron applied

pre-emergence to wheat was not markedly affected by the temperature regime in

whichthe Plants were growing whereas A. myosuroides was least damaged in the

26/16 C day/night regime. When both of these species were treated

post-—emergence at the three-leaf stage, chlortoluron was less active when grown

throughout the experiment in a 10/6 C regime.

The activity of isoproturon applied pre-emergence on wheat was increased by

high temperatures (26/16 C), whereas susceptibility of A. myosuroides was

unaffected by the temperature regime. When the wheat and A. myosuroides plants

were growing before and after spraying in the same conditions, the temperature

regime had little effect on isoproturon performance. When wheat plants were

kept at 16/10 C until spraying at growth stage 13,20 (Zadoks, Chang & Konzak,

1974), subsequent transfer to the high compared with the low temperature regime

resulted in increased phytotoxicity. A. myosuroides response to isoproturon was

lessaffected by temperature. When seedlings of both species growing in a

10/6 ¢ temperature regime were subjected to a short-term (24 h) exposure at

26/16 C, activity of isoproturon was not markedly altered.

Wheat seedlings treated with isoproturon were less damaged if plants were

watered by sub-irrigation rather than via the soil surface. With surface

watering, raising the moisture level from 50% to 100% FC increased activity.

With sub-surface watering via a tube, differences between 50% FC and higher

moisture contents were smaller and more erratic.

INTRODUCTION

Certain herbicides of the substituted urea group have been used to control

Alopecurus myosuroides Huds. (blackgrass) selectively in winter wheat. The

degree of control has sometimes been variable and this can in part be explained

by soil factors and cultural regimes. For example, stubble burning and direct

Grilling are associated with less reliable control of grass-weeds by these

herbicides (Nyffeler & Blair, 1978; Cussans, Moss, Hance, Embling, Caverley,

Marks & Palmer, 1982). Climatic factors may also have some influence on the

efficacy of this group of herbicides (e.g. Blair, Richardson & West, 1983).

This report describes pot experiments in controlled environment chambers

designed to assess the effect of temperature on the activity of isoproturon and

chlortoluron on both winter wheat and A. myosuroides. One experiment

investigating the effect of soil moisture is also included.

MATERIALS AND METHODS

Plant raising

5 seeds of wheat or 15 seeds of A. myosuroides were planted in 9 cm

diameter pots in Begbroke North soil (coarse sand 17%, medium sand 27%, fine

sand 31%, silt 10%, clay 15% and o.m. 2.2%) at 2.5 and 0.6 cm depth

respectively. Seedlings for post-emergence treatment were thinned to 4 per pot

after emergence. Plants were raised in controlled environments, either in 



'Votsch' rooms or 'Saxcil’ cabinets with vertical air flows of approximately 0.23

m/s. Light was provided by warm white,fluorescent tubes + additional tungsten

lamps giving a maximum level of 95 Wm for 14h daylength. Temperature and

relative humidity, which were controlled, changed diurnally and the detailed

environmental conditions under which plants were grown are given with the

results of each experiment. Soil temperatures under these conditions closely

followed air temperature (Blair, 1983). The soil was kept at around field

capacity (21.5 g water/100 g dry soil) by application of water to the soil

surface but in 2 experiments (Fig. 2 & 4) an approximate measure of water loss

was made by weighing pots at irregular intervals. In these 2 experiments some

of the water was added to the foil dish in which pots were standing. In the

soil moisture experiment, moisture level was controlled at 50, 100 or 150% field

capacity by weighing pots (Blair, Richardson & West, 1983). Water was added

either onto the soil surface or via a central tube in the pot (Blair, 1983).

Herbicide application

In the two pre-emergence experiments (Fig. 1 & 3), treatments were applied

using a sprayer fitted with a single ‘'8002E' Teejet nozzle which moved over the

stationary ts at constant speed, delivering a volume of 385 l/ha at a pressure

of 210 kN/m , this pressure being used in all experiments. In 2 of the 4

experiments in which treatments were applied post—emergence (Fig. 2 & 4) the

game sprayer was used but fitted with a single ‘8001’ Teejet nozzle delivering

175 1fha. In the other 2 experiments a volume rate of 210 1/ha was applied

either through '8003' (Fig. 6) or '8004' (Fig. 5) Teejet nozzles mounted on a

boom on a trolley moving over the seedlings. In the soil moisture experiment

(Fig. 7) the sprayer described by Caseley (1979) was used. It was fitted with

an '8001' Teejet nozzle delivering 250 l/ha.

Both chlortoluron and isoproturon were applied as commercial flowable

formulations (isoproturon as ‘Hytane 500L') except in the soil moisture

experiment in which for each dose of isoproturon the formulation ingredients

present in the commercial product 'Hytane 500L’ were added to give the

concentration present when the product is used to apply 2 kg a.i./250 l1/ha.

This was accomplished by mixing the dose of technical isoproturon (CGA 18731)

with a small volume of water, adding the requisite amount of formulation

component, and finally mixing with the required volume of water. Treatments

were replicated four times.

Post-—spray conditions

After spraying, pots were returned to the appropriate growing condition

(see Results). Plants were out of the controlled environment for as short a

time as possible. Watering was carried out as in the pre-spray period, but

taking care to avoid the foliage.

Assessment

Fresh weights were measured at the growth stages (Zadoks, Chang & Konzak,

1974) indicated in the results section, followed by dry weights after 48 h in an

even at 100 C. These data are presented as graphs.

Analysis of data

As it was impossible to replicate environments it is assumed that there was

no difference between growth rooms or cabinets other than that which was being

tested. Standard errors are indicated in the Figures.

Faults in controlled environment facility

These experiments were carried out during the early phase of the

development of a new controlled environment facility at WRO. Consequently from

time to time there were malfunctions resulting in a deviation from the defined

conditions. In some cases it has been possible to compare similar treatments 



Fig. 1. The effect of temperature on the activity of chlortoluron applied
pre-emergence to wheat and A. myosuroides

(Dry weight as % of untreated control)

EON 26/16°C ee ceoeee 16/10°C =Dom 10/6°C

reaeeee

2

A. myosuroides

2 wo

Chlortoluron (kg a.i./ha) 



under the same conditions in different experiments and this gives confidence

that any effects observed are real and not a result of changes in conditions.

However, in most cases, such comparisons have not been possible and this should

be remembered when considering the results.

RESULTS

The results for each experiment are given opposite the appropriate figure.

Experiment 1.

Environmental conditions: 10/6°C, 64/87% rh day/night
16/10C, 75/86% rh day/night

26/16 C, 85/93% rh day/night

Growth stage at treatment: pre—-emergence

Growth stage and days after treatment at assessment:

Wheat (cv Atou) A. myosuroides

Growth stage Days Growth stage Days

10/6 13,21-11 33 13,21-22 33

16/10 13,22-23 33 13,21-23 33

26/16 13,21-22 33 13,21-22 a

When averaged over dose levels the wheat plants growing in 10/6°c were

Significantly less damaged by chlortoluron than in the other two regimes,

although the dose x temperature interaction was non-significant. A. myosuroides

was more damaged at the intermediate temperature when averaged over doses, and

at 1 kg ai/ha, high temperature resulted in least damage.

 



Fig. 2. The effect of the same temperature pre- and post-spraying on the activity

of chlortoluron applied at the 3 leaf stage af wheat and A. myosuroides

(Dry weight as % of untreated control)
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Experiment 2

Environmental conditions: 10/6°C, 64/87% rh day/night

16/10¢, 75/86% rh day/night

26/16 C, 85/93% rh day/night

Plants were grown in the same environment throughout the experiment.

Growth stage at treatment: 13, 20.

Growth stage and days after treatment at assessment:

Wheat (cv Maris Huntsman) A. myosuroides

Growth stage Days Growth stage Days

10/6 13-14, 28 25 ‘13-14, 28 25

16/10 13,24-25 24 13-14, 28-29 24

26/16 13,22-23 21 13-14, 29 18

When applied to wheat seedlings chlortoluron treatments resulted in

Significantly less damage in the 10/6 C regimes than at higher temperatures. A.

myosuroides was least damaged in the cold temperature (10/6 C) but greatest

Gamage occurred in the intermediate regime (16/10 C).

 



Fig. 3. The effect of temperature on the activity of isoproturon applied
pre-emergence to wheat and A. myosuroides

(Dry weight as % untreated control)
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Experiment 3.

Environmental conditions; 10/6°C, 64/87% rh day/night
16/10°C, 75/86% rh day/night
26/16 C, 85/93% rh day/night

Growth stage at treatment: pre-emergence

Growth stage and days after treatment at assessment:

Wheat (cv Atou) A. myosuroides

Growth stage Days Growth stage Days

10/6 13,21-22 42 13,21-22 50

16/10 13,21-23 33 13,21-22 33

26/16 13,21-22 29 13,21-22 29

When isoproturon was applied to wheat pre-emergence, high temperature increased

damage, but only at the highest dose of 2 kg ai/ha. Temperature had no

influence on A. myosuroides response to isoproturon.

 



Fig. 4. The effect of the same temperature pre- and post-spraying on the

activity of isoproturon applied at the 3 leaf stage

of wheat and A. myosuroides

(Dry weight as % of untreated control)
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Experiment 4,

Environmental conditions; 10/6°C, 64/87% rh day/night
16/10°C, 75/86% rh day/night
26/16 C, 85/93% rh day/night

Plants were grown in the same environment throughout the experiment.

Growth stage at treatment: 13, 20-21

Growth stage and days after treatment at assessment:

Wheat (cv Maris Huntsman) A. myosuroides
Growth stage Days Growth stage Days

10/6 13,23-24 23 13-14, 28 32
16/10 13,24-25 19 13-14, 29 28
26/16 13,23 18 13-14, 29 aL

When meaned over the different doses wheat seedlings in 10/6°C were
Significantly more damaged than in 26/16°C with least damage occurring at the
intermediate temperature. However, differences were small and the temperature x
dose interaction was non-significant. A. myosuroides was severely damaged in
all temperature regimes.

 



Fig. 5. The effect of pre- and post-spray temperatures on the activity of

isoproturon applied at the 3 leaf stage of wheat and A. myosuroides.

(Dry weight as % untreated control)
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Experiment 5.

Environmental conditions: 10/6°C, 64/87% rh day/night
16/10C, 75/86% rh day/night

26/16°C, 85/93% rh day/night

Growth stage and days after treatment at assessment:

Wheat (cv Maris Huntsman) A. myosuroides

Growth stage Days Growth stage Days

Plants raised 10/6 13,25 17 13-14, 27-28 22

in 26/16 C 16/10 13,25 ae 13-14, 29 21

(13,20) 26/16 13,23 14 13-14, 28 17

Plants raised 10/6 13,24 19 13-14, 26

in 16/10 C 16/10 13,24 19 13-14, 19

(13,20) 26/16 13,25 15 13-14, 14

Plants xaised 10/6 13,25 19 13-14, 29

in 10/6 Cc 16/10 13,24 16 13-14, 520 16

(13,20) 26/16 13,25 16 13-14, 29 16

When seedling wheat, raised in 26/16°C regime, was sprayed with isoproturon

therewas a decrease in damage when plants were moved after treatment to either

16/10 C or 10/6 C as compared with plants remaining in 26/16°c, For A.

myosuroides there was a trend for plants in 10/6 C after treatment to be less

damaged. Wheat seedlings,raised in 16/10°C regime, were more damaged when -

Plants were moved to 26/16 C after treatment compared with those kept in 16/10 C

or moved to 10/6 C. When A. myosuroides was treated in the same way plants

movedinto 10/6°C were more damaged thanthose kept in 16/10°C or moved to

26/16 C. Wheat seedlings raised in 10/6 C and moved after treatment to 26/16°C

were more severely damaged than if they were kept in 10/6 C or moved to 16/10 C.

There was little difference between the response of A. myosuroides in different

temperatures.

 



Fig. 6. The effect of a 24h exposure to 26/16°C around the time of treatment

on isoproturon activity (mean of 1 and.2 kg a.i./ha)

on plants growing at 10/6 C

(Dry weight as % untreated control)
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Experiment 6.

Environmental conditions: 10/6°C, 64/87% rh day/night
26/16 C, 85/93% rh day/night

Plants grown in10/6°C regime (labelled ALL in Fig. 6) but moved for short-term
stress to 26/16 C and then returned to initial temperatures.

Growth stage at treatment: Wheat 13,20

A. myosuroides 13, 20-22

Growth stage at assessment: Wheat (cv Maris Huntsman) 13, 25; 17 days after

treatment

A. myosuroides 13-14, 29; 19 days after treatment.

Transferring wheat seedlings from 10/6°C to 26/16°C regime for 24 hours before

returning to 10/6 C, did not alter the plants’ response to isoproturon. When

averaged over doses some short term high temperature periods did alter A.

myosuroides response to isoproturon but the pattern of change was not clear.

 



Fig. 7. The effect of soil moisture regime on the activity of isoproturon
applied at the 3 leaf stage of wheat growing in 16/10-C

(Dry weight as % untreated control)
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Experiment 7.

Environmental conditions: 16/10°C, 75/86% rh day/night
100% FC = 21.5 g water/100 g dry soil

Plants grown in the same environment before and after treatment.

Growth stage at treatment: 13, 20.

Growth stage of wheat (cv Maris Huntsman) at assessment: 13-14, 26-28 except

for 50% surface water plants which were at 13, 24-25 stage: all assessed 21 days

after treatment.

Plants watered via a central tube were less damaged than those receiving water

to the soil surface. With surface watering, raising the moisture level from 50%

to 100% FC increased activity. With sub-surface watering by tube, differences

between 50% FC and higher moisture contents were smaller and more erratic.

 



DISCUSSION

other studies have shown both chlortoluron and isoproturon to be active

largely as a result of herbicide uptake from the soil (Richardson, Dean &

Parker, 1977; Richardson & Parker, 1978; Blair, 1978). When plants were sprayed

post—emergence some herbicide was retained on the foliage but, as the seedlings

were still relatively small, more than 90% fell onto the soil surface. It is

assumed that the ratio of soil to foliar uptake is unaltered by pre-spraying

temperature regime although this has not been checked experimentally.

Rates of germination, establishment and development of the seedling and the

water status of the plant are all influenced by temperature. Herbicide

degradation in the soil and metabolism in the plant are also temperature

dependent. Hence the relationship between herbicide availability and uptake

into the plant with movement and metabolism within the plant will determine the

degree of activity.

As low temperatures (48°C) have been shown to increase the half-life in

goil of chlortoluron (Kibler, 1979) and isoproturon (Mudd, Hance & Wright,

1983), it seems probable that in the experiments reported above therewould be

less herbicide breakdown in the soil in 10/6 C as compared with 16/10 C as

compared with 26/16°C regimes. Since both herbicides were most active when

temperatures were high after spraying, this implies that herbicide entry into

and movement through the plant occurred more quickly than breakdown in the soil

and plant. Plants of Bromus sterilis kept in 26/16 C transpired at least twice

the volume of water of those in 10/6 C (Blair, Richardson & West, 1983).

Therefore since both chlortoluron and isoproturon are transported in the

apoplast it seems probable that accumulation of the herbicide in the aerial part

of both wheat and A. myosuroides will be quicker under high temperatures.

When the herbicides were applied pre—emergence temperature affected the

rate of seedling emergence ( 3-4 days in 26/16 C and 14 days in 10/6 C).

Hence the relative stage of development of the seedling could vary in relation

to the location of herbicide in the soil profile under the different temperature

regimes. As for post-emergence treatments, the ultimate activity will depend

upon the balance between herbicide degradation in soil and the entry, movement

and metabolism within the plant.

Two pathways for the degradation in soil and metabolism in plants have been

proposed for chlortoluron (Ryan, Gross, Owen & Laanio, 1981) and in the soil for

isoproturon (Mudd, Hance & Wright, 1983). It is not known whether the balance

between these two pathways is influenced by temperature.

Comparing treatments where seedlings were grown constantly in 26/16°C in

Pig. 4 with those in Fig. 5 shows that there was greater damage in the second

experiment (Fig. 5). It may be that such differences reflect the importance of

soil moisture levels and the way the water is applied as is illustrated by the

data in Fig. 7 and elsewhere (Blair, 1983).

The main facts emerging from this series of experiments are:- 1) that it is

important to define and use a method of watering which can be repeated, and 2)

that increased damage to wheat seemed often to be associated with higher

temperature particularly post-treatment. However, in practice in the field

temperatures will rarely be as high in the UK at the times of year when

isoproturon or cChlortoluron are being used and would be of very short duration

should they ever occur. Although Pig. 6 demonstrated that short duration (24 h)

high temperatures did not affect plant response to isoproturon, slightly longer

exposures (2-4 days) may be worth further study.

je relevance of these studies to the situation where these herbicides are 



used in warmer climates, e.g. India and South America, needs further

consideration.
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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 =—.£0335

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

Price: £0.50

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 -

£125

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. W G Richardson and M L Dean.

Prices = £2550 
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A survey of aquatic weed control methods used by Internal Drainage

Boards, 1973... January 1975.*.T 0 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 ML 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 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. WG 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 € 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.
Prree = 2£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 and
weed species. February 1978. D J Turner and WG 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, maive and carrots. July 1978.
JD 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.
Price - £1,506

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. 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 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. RC Simmons. Price - £1.50 



The activity and pre-emergence selectivity of some recently developed
herbicides: AC 213087 and AC 222293. December 1982. W G 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 Marshal]
Price =.£5200

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 Alopecurusmyosuroides and winter wheat. May 1984.
AM Blair. Price - £2.00

 


