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ABSTRACT

In 1993 and 1994, 33 experiments using commonprotocols were conducted in

the UK to examine weed control efficacy and crop safety of post-emergence

applications oftriflusulfuron in mixture with other herbicides. All treatments

were applied at least twice, but mainly as three or four-spray programmes.

Thefirst applications were applied at the early cotyledon stage of weed growth.

Addition of mineraloil to triflusulfuron had a greater influence on weed control

than non-ionic wetters. The spectrum of weeds controlled was increased by the

addition of phenmedipham or a phenmedipham:desmedipham:ethofumesate co-
formulation to  triflusulfuron. Four-way mixes of. triflusulfuron +

phenmedipham + metamitron orlenacil + mineral oil gave acceptable control

of most species. There was some indication of antagonism between

chloridazon andtriflusulfuron which resulted in poor control of Polygonum

aviculare. Substitution of the phenmedipham + desmedipham + ethofumesate

co-formulation for phenmedipham in the mixtures with lenacil or metamitron

resulted in faster kill of weeds. All treatments proved to be safe to the crop

with no undue reductions in plant numbers or vigour recorded. Atsixsites,

transient chlorosis was apparent, but this effect was not of a commercially

significant level. Triflusulfuron received registration for use on UK sugar beet

crops in September 1995.

INTRODUCTION

Triflusulfuron (as DPX66037) was announced at the 1991 Brighton Crop Protection

Conference (Peeples et al, 1991). Since then it has been registered in a number of

European countries and in the USA. UK registration was gained during the summer of

1995. Since 1992 manyfield trials have been conducted to establish efficacy and crop

safety of a number of chemical mixtures with triflusulfuron under UK conditions. This

paper covers the commonprotocoltrials conducted in 1993 and 1994 by DuPont (UK)Ltd,

British Sugar plc and Morley Research Centre. 



MATERIALS AND METHOD

Field trials were conducted on 20sites throughout the beet growing area in 1993 and 13 in

1994. Common protocols were used for all the trials in each individual year. The

treatments (chemicaldetails are in Table 1) changed from 1993 to 1994 to includea greater

number and to drop those that had not performed well in 1993 (see Table 2).

A randomised block design with three replicates was used. All treatments were applied

post-emergence in the absence of a pre-emergence herbicide spray. Thefirst application

was applied to weeds at the cotyledon stage of growth. Subsequent applications were

applied whenthe next weed flush emerged or 7-14 days after the first flush. Assessments

of broad-leaved weed control and crop safety were madeatall sites.

Table 1. Details of test substances for 1993 and 1994.

 

Abbreviation Trade or code Chemical ga.i. 1’ or % Formulation

used in name name

following tables

 

trifl’on Debut (DPX66037) _triflusulfuron 50 %

non-ion a Citowett non-ionic wetter 100 %

non-ion b KG691 non-ionic wetter 100 %

oil Cropspray IIE mineral oil 99 %

phen. Betanal E phenmedipham 14 gail

phen. Betanal Progress phenmedipham 62 gai. I!

des. desmedipham lo6gai I"

etho. ethofumesate 128 gail

metam. Goltix WG metamitron 70 %

chlorid. Pyramin DF chloridazon 65 %

lenacil Venzar lenacil 80 %

 

In 1993 and 1994, triflusulfuron treatments were compared with an untreated control and

a conventional mixture withouttriflusulfuron (treatment 23, see Table 2). In 1993, ten

mixtures (Table 2) were applied three times and in 1994 twelve were applied three or four

times. In 1994 two additional sequences(treatments 21 and 22, see Table 2) were included.

Treatments 1-3 were included in 1993 for registration purposes only.

RESULTS

The results for weed control efficacy in each year have been averaged and compiled into

Tables 3 and 4. These show average weed control for each treatment on a selected range

of species. Of the three adjuvants tested in 1993, the mineral oil was found to be 



Table 2. Treatments and doses in 1993 and 1994.

 

Treatments Rate (g a.i. ha") Year of use

 

trifl’?on + non-ion. a 15+0.05 % 1993
trifl’on + non-ion. b 15+0.05 % 1993

trifl’on + oil 15+ 1000 1993

trifl’?on + phen. 15+171 1993/1994

trifl’on + phen. + non-ion b 15+171+0.05 % 1993
trifl’on + phen. 15+228 1993

trifl’on + phen. + metam. 15+1714+350 1993/1994

trifl’on + phen. + chlorid. 15+171+260 1993
trifl’on + metam. + oil 15+350+ 1000 1993

10 trifl’on + metam. + oil 15+700+ 1000 1993
11 trifl?on + phen. + lenacil. 15+171+200 1994

12 trifl’on + phen. + oil 15+114+1000 1994

13 trifl’on + phen. + lenacil + oil 15+114+200+1000 1994

14 trifl’on + phen. + metam. + oil 15+114+350+1000 1994
15 trifl’on + phen./des./etho. 15+31/8/64 1994

16 trifl?on + phen./des./etho. + lenacil 15+31/8/64+200 1994

17 trifl’on + phen./des./etho. + metam. 15+31/8/64+350 1994

18 trifl’on + phen./des./etho. 15+62/16/128 1994

19 trifl’on + phen./des./etho. + lenacil 15+62/16/128+200 1994
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20 trifl’on + phen./des./etho. + metam. 15+62/16/128+350 1994
21 trif’on + metam. + oil (T1) 15+350+ 1000 1994

followed by treatment 13 at subsequent applications

22 trifl’on + lenacil + oil (T1) 15+200+ 1000 1994
followed by treatment [3 at subsequent applications

23 phen. + metam. 285+ 1050 1993/1994

24 untreated nil 1993/1994

 

the most effective; giving superior control of Chenopodium album and Polygonumaviculare

in particular.

The addition of phenmedipham (treatment 4) greatly increased the weed spectrum

controlled, giving acceptable control of most species. Increasing the dose of

phenmedipham (treatment 6) or adding non-ionic wetter b (treatment 5) gave more

consistent control of P. aviculare and C. album. The three-way mixesoftriflusulfuron +

phenmedipham + metamitron(treatment 7) gave good control of most species. Substituting
metamitron with chloridazon (treatment8) also controlled most species, but antagonism was

recorded on P. aviculare and to a lesser extent on Galium aparine. Weed kill from

mixtures of triflusulfuron + metamitron + mineral oil (treatment 9) gave slow, but

effective control of most species. There waslittle or no improvement from increasing the

dose of metamitron (treatment 10). 



Table 3. % Average final weed control in 1993.

 

C. G. P. Brassica Matricaria Fallopia

album aparine aviculare napus spp. convolvulus

Sites: 7 6 7 3 5 >

 

52 81 65 88 99 38

45 75 1 91 99 33

67 80 85 92 99 39

83 86 84 94 100 84

82 89 OF 93 100 92

90 85 93 95 100 82

92 85 89 93 100 86

83 76 63 91 100 91

79 a 76 05 100 38

82 76 83 94 100 43

98 74 99 94 100 90

0 0 0 0 0 0
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Table 4. % Averagefinal weed control in 1994.

 

G, P, Matricaria_ F. Urtica Viola

album aviculare spp. convolvulus —_urens arvensis

Sites 7 3 1 8 3 4

 

4 87 71 93 90 98 94

7 95 TI 100 96 98 95

11 94 78 94 95 98 95

12 90 75 97 96 99 98

13 93 td 96 98 98 99

14 97 79 99 93 99 98

15 90 77 91 89 98 96

16

=

93 77 100 94 98 96

17 93 76 100 90 98 95

18 94 81 100 96 99 oF

19 96 82 99 98 99 98

20 «97 80 100 97 98 98

21 94 84 100 95 99 98

22 93 81 94 98 98 97

23

«|

OF 87 100 95 99 99

24 0 0 0 0 0 0

 

Four-way mixesoftriflusulfuron + phenmedipham + lenacil or metamitron + mineraloil

(treatments 13 and 14) gave good control of a wide range of weed species. 



Table 5. % Crop chlorosis in 1994.

 

Site code* 502 LA
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* site code for the organisation carrying out the experiment.

In 1994, the use of the co-formulation of phenmedipham + desmedipham + ethofumesate

proved to be very effective. Control was noticeably faster than that with phenmedipham

alone. The higher dose of phenmedipham:desmedipham:ethofumesate (treatment 18)

improved control of P. aviculare compared to treatment 15, but had little additional effect

on other species. In 1994 (after the poorer treatments used in 1993 had been discarded),

most treatments gave acceptable control that was equal to or better than the standard

phenmedipham + metamitron (treatment 23). Triflusulfuron gave effective control of the

high populations of Urtica urens and Matricaria spp., that occurred at somesites.

In 1993, all treatments proved safe to the crop with no undue reductions in crop biomass

or plant numbers (data not presented). No treatmenthad a significantly greater effect than

the phenmedipham + metamitron standard (treatment 23) which gave a maximum 8 %

average reduction in biomass between 7 and 10 DATI. In 1994, slightly higher crop

biomass reductions were recorded (up to 16 % average maximum ontreatment 13 7-10

DATI). The inclusion of mineral oil tended to cause the greatest reductions, but these were

generally small and were outgrown by 47 DAT1. This wasparticularly evident after the

first two applications and remained visible until some time after the third application on

some sites. The standard (treatment 23) recorded a maximum average reduction of 7 %,

26-40 DAT1.

Crop chlorosis was recorded in both years but not onall sites. The results for 1994 are

shown in Table 5. Effects were transient and only affected the leaves that were sprayed. 



Leaves emerging after spraying were unaffected. However, 6 out of 33 sites were

noticeably yellow for a short period of time after treatment. The symptoms were cosmetic

and not of a commercially significant level.

No problems were encountered with the mixing or application of any of the treatments

tested.

DISCUSSION

These experiments show thattriflusulfuron can be used in a numberof mixtures with sugar

beet herbicides or additives to control a wide spectrum of weeds. The most effective

mixtures contained a residual component(triflusulfuron has only a very short residual life

in soil or sugar beet (Peeples et al., 1991)) to control late germinating weeds such as C.

album. However, an additional application of a non-residual mixture may have been

sufficient to achieve longer term weed control in suchsituations.

The addition of mineral oil to triflusulfuron + phenmedipham mixtures, with or without

a residual herbicide, decreased crop biomass. The reductions, although clearly visible,

werenot severe and no yield reductions were recordedin those experiments that were taken

to yield. However, as with other beet herbicides, it would be prudent to avoid the use of

oil on cotyledon beet and/or those suffering from stress.

The observed chlorosis was similar, but not identical, to manganese deficiency symptoms

and appears to be a particular, transient effect of triflusulfuron under certain conditions

(IIRB Weed Control Study Group, pers. comm.). It did not occur at every site nor after

every application, but could become very apparentparticularly on larger beet receiving their

last spray of the programme. It is an effect that new users will need to be aware ofin

order to avoid undue concern.
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ABSTRACT

The present weed control system in The Netherlands using low doses of

herbicides is described. To reduce the area which has to betreated,

sometimes band spraying is used, accompanied by hoeing. To decrease

the number of herbicide treatments, experiments have been carried

substituting them with harrowing. Harrows offer a good possibility for

weed control from the 4-6 leaf stage of the sugar beet. Weed stage

should not exceed the cotyledon stage to achieve the same weed control
as with herbicides in low dose systems. Some disadvantages of

mechanical weed control are discussed.

INTRODUCTION

Both political and economical reasons lead to efforts to reduce herbicide consumption in

arable farming. In the last decade, a system of low herbicide dosage has been developed

and introduced in sugar-beet growing in The Netherlands and some other countries (May

& Cleal, 1993; Wevers et al., 1994). These low dose systems resulted in a reduction of

the total amount of herbicides applied to sugar beet. Whilst the low dose system was

being developed, hoeing was also being studied and promoted to reduce the area that

required treatment with herbicides (Wevers ef al., 1993). Band spraying and hoeing

resulted in a reduction in herbicide use of 50 to 60%, but the labour requirement

increased.

From 1993 to 1995, experiments were carried out to reduce the number of low dose

herbicide applications by replacing them with harrowing. In this contribution some results

of the experiments are be presented. Also some of the restrictions met with the

introduction of mechanical weed-control systems are discussed.

MATERIALS AND METHODS

In close co-operation with the Institute for Arable Farming at Lelystad, PAGV, two

experiments were layed out per year, one on sandy soil at Vredepeel and one onclay soil

at Nagele. At Vredepeel, weed density is normally high e.g. 105 plants m? in 1994,

while in Nagele weed density is low with only about 12 plants m*. In these experiments a

standard low dose weed-control system was applied consisting of:

a. no pre-emergence herbicides, 



three (on clay) to five (on sand) applications at intervals of 7-12 days, of a low dose

system consisting of a four way mixture of 0.5 | or kg of product resulting in:

phenmedipham 80g a.i.ha' (Betanal EC 157 g.I')
metamitron 350 2 " " (Goltix WG 70%)

ethofumesate 100g " " (Tramat EC 200 g.I"')

mineral oil 425 ¢ " " (Schering 11E 850 g.I' )

In this low dosage combination metamitron could be replaced by chloridazon at 325 g

a.iha', (Pyramin WG 65%) depending on the weed species to be controlled. In

commercial situations, if weather delayed application the dose could be adjusted. In these

experiments this was not the case. In this paper the low dosage system is presented as

LDS. For historical reasons on clay soil the herbicides were applied as a band spray

application, but the dose was reduced in the sameratio as for the overall treated area.

Earlier studies at PAGV showed that the optimal weed stage for harrowing was the same

as the optimal timing for an application of LDS, being the cotyledon stage (Van der

Weide & Wijnands, 1993).

On sandy soils the treatments for the experiments were as follows:

A. 5x LDS
B. 4 x LDS, harrowing at last LDS application date

C. 3 x LDS, harrowing at the last two LDSdates

D. 2 x LDS, harrowing at the last three LDS dates

On clay soils the treatments were:
A. 3 x LDS
B. 3 x LDS,plus harrowing at 6 leaves stage

C. 2 x LDS, harrowing at last LDS application date

D. 1 x LDS, harrowing at the last two LDS dates”

E. no LDS, harrowing at all LDS dates (in 1993 only)

In 1994 LDShad to be applied twice before harrowing could bestarted.

On clay soils LDS was applied as a band spray and this was always accompanied by

hoeing to control the weeds between the rows. The number of LDS applications on clay

soil is also lower than on sandy soils because of the lower weed density and the higher

residual effect of the herbicides.

All the experiments were designed as completely randomized blocks in four replications.

For harrowing, different implements were used based on the Einbéck and Hatzenbichler

type of machine with varying working widths between 6 and 12 m. The harrows were

adjusted to a light pressure as earlier results showed that the numberof plants which were

removed was too high when harrowing was done veryintensively (Weversef al., 1994).

The data collected included the number of sugar-beet plants, sugar-beet yield, rate of

weed control and the amountofherbicides applied. 



RESULTS

The influence of harrowing on the numberofplants is presented in Table 1.

Table 1. Loss of plants as % of untreated plots after harrowing in 1993

and 1994 on different soil types and crop stage at the first harrowing

operation.

 

Treatment 1993 1994 1994

Crop stage at clay sand clay

first harrowing sand clay
 

at emergence 70.5 - -

2 leaves 13.7 15.7 13.1

4 leaves 5.2 4.8 2.8
6 leaves 2.8 2.6 0.7
 

Harrowing for weed control in sugar beet damaged the crop when carried out at stages

earlier than the four true leaves stage. The treatment with the greatest plant loss in 1993

was not harvested. The influence of plant loss on yield is shown in Table 2.

Table 2. Sugar yield (t.ha") after harrowing in 1993 and 1994 on different

soil types and cropstage at the first harrowing operation.

 

Treatment 1993

Cropstage at clay

first harrowing sand clay
 

at emergence n.d.”
2 leaves 12.0

4 leaves 12.5

6 leaves 12.5

LSD 95% 0.59
 

) not determined

The differences between the data presented in Table 2 are not statistically significant.

In the experiments the differences in the level of weed control were also notstatistically

significant with one exception. In 1993 on clay soil, the first harrowing took place at a

weed stage which was too early. The interval before the second harrowing was too long

and the rate of control was < 70%. The actual weed density on this field was only 11.5

plants m?, so that this poor weed control had no effect on the crop (see also Table 2). 



The reduction in the amount of herbicides used, when replacing LDS by harrowing

differed very much for the two experimental locations. The earlier studies showed that at
least two applications of herbicides were needed to allow the sugar beet to grow to a

sufficient size to allow harrowing. Therefore the number of LDS applications on clay soil

which can be substituted by harrowing is restricted to only one, while the reduction in the
number on sandysoils is three out of five. On clay soils at Nagele this meant a reduction

of 33% of the total amount of herbicides used. If treated overall, the standard amount

would have been three applications of 0.955 g a.i.ha’ each. The saving of 33% is then

0.955 g a.i.ha!, However, because of band spraying, the absolute amount of herbicides

saved is only about half of that quantity i.e. 0.5 g a.i.ha’.

On sandy soil at Vredepeel the total amount applied was five times 0.955 = 4.775 g

a.iha!. Replacing three LDS applications by harrowing meant a reduction of 60% or

2.765 g a.i.ha’.

DISCUSSION

If applied from the 4 to 6 true leaves stage of the sugar beet onwards, harrowing was a

form of mechanical weed control which hardly affected the number of sugar beetplants.

Not more than 5%, but mostly less than 3% of the plants were lost. Most of the plants

which were pulled out of the soil were small with poor rooting systems. This was

probably the reason that yield was not affected by harrowing.

Weed control with harrowing can be as good as with chemical treatments. It is very

important to treat the weeds in the same stage as with LDS. Weeds larger than the

cotyledon stage are difficult to control. In 1994 after a period of rain, two treatments with

a harrow were needed immediately after each other on weeds with true leaves appearing,

in order to achieve adequate control.

On sandy soils, the amount of herbicides that can be saved by the introduction of

harrowing is reasonably high. On clay soils it is much less. If band spraying and hoeing

are integral parts of a weed-control system, the amount of herbicides saved is very

restricted. Although savings in herbicides can be achieved, the extra cost in machinery

and labour have to be paid. From questionnaires to farmers by the sugar industry it has

become clear that following introduction of low dose herbicide systems, the use of band

spraying and hoeing decreased. This was the result of the small savings in herbicide costs

not warranting the expenditure on hoeing or band spraying. The same wastrue in the UK

(McClean & May, 1986). The same problem has also risen when introducing harrows.

The additional costs of machinery and labour is hardly compensated for by the savings in

costs of herbicides.

If other disadvantages of mechanical weed control appear, farmers will tend to stay with

more traditional systems. Some of the disadvantagesare:

- Increase in vulnerability to wind erosion of sandy soils and to water erosion for

all soil types.

- Problems with the treatment of mechanical weed control when cover crops are

(or have been) grown.

- For Dutch conditions, volunteer potatoes should be controlled by wiping with

glyphosate. Mechanical weed control should be omitted until volunteer potatoes 



have been controlled.

- Overall sprayers are present on almost all farms. If a band sprayer and hoe has

to be purchased for the first two applications of herbicides in sugar beet and a

harrow for the rest of the weed control, the total investments will be high.

- Although this does not apply to harrows of 18 m width which have been

introduced recently, most mechanical operations require more labour than chemical

weed control. Compared to overall spraying with a boom of 18 m wide, a harrow

with the same width will lead to a saving of labour provided the working speed is

about the same. Sprayers require filling time.

- The dependency of the weather conditions is higher for mechanical than for

chemical weed control. In a LDS system, a delay in application time can, within

limits, be compensated by an increase in herbicide dose. With harrowing such a

compensation is only possible by repeating the operation within hours, with the

dangerfor plant loss.

Because the situation on every farm is different with respect to vulnerability to erosion,

the growing of cover crops, the presence of machinery, farm size and labour availability,

every farmer has to decide for his own farm which is the best weed control system for
him. From research institutes many possibilities have been developed.
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ABSTRACT

Work by British Sugar’s Agricultural R&D Department has indicated that

beet growth stage might be used to time post-emergence herbicide

applications in sugar beet. During the years 1992-94, experiments

investigated the feasibility of delaying the timing of herbicides such that

weeds might be controlled at a much larger growth stage than current

commercial practice.

The trials were situated on a number ofsites, to cover a range of weed

species, weed populations and soil types. The optimum timing to achieve

the greatest effect from a single herbicide application was identified as 2-4

true leaf stage of the crop. The optimum timing for the second application

seemsto beless critical and is being investigated further.

The results suggest that it might be possible to achieve a greater flexibility

of spray timings by using beet crop growth stage. This may enable a

simpler system for the management of herbicide applications to the beet

crop. The only prerequisite is that the herbicides selected are of a high

contact activity and specific to the weed species present. A relationship

between speed of beet growth and herbicide damage to the beet crop has

been identified from this work and requires further investigation.

INTRODUCTION

Weed control in sugar beet has changed little over the last twenty years. Weeds emerge

and are killed using low dose, low volume sprays, before they reach much beyond the

cotyledon growth stage. The speed and frequency of weed flushes can be erratic and

prolonged. Upto five applications of herbicides may be required on some soil types, each

critically timed (Anon. 1994). The industry would like to achieve savingsin uses ofactive

ingredient, management, labour and machinery and therefore the new approach reported

here was investigated.

A possible solution appeared when investigating the problems of volunteer oilseed rape

control in sugar beet (Anon. 1993). The cotyledonsof oilseed rape are very waxy andthis

may reduce efficiency of herbicides. The work carried out by British Sugar suggested that

if oilseed rape were at the first true leaves stage, the sprays were more effective. These

findings coincided with the testing of ‘hot mix’ or ‘high contact’ herbicide treatments

(Anon. 1992). These latter trials showed a good level of weed control with the spray

programmeinitiated at a late stage.
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The research programme reported here was set up to exploit the potential use of delayed

applications to maximise the effect of herbicides. The objectives were to test the

possibilities of extending the period between applications and reduce the numberofsprays.

The benefits would be reductions in use of spray machinery, in crop management and,

possibly, active ingredient used.

The objectives of this project have been met by two experimental programmesof work,

using timing trials and randomised block experiments. The former investigating the

optimum application timings, the latter to test on a wider scale the results of the timing

trials.

MATERIALS AND METHODS

Timing trials years, 1992 - 1994

Over the course of the three years, eleven blocks of application timing trials were laid

down, using herbicide mixtures and doses selected for their high level of contact activity

on larger weeds (Table 1). The objective was to examine the optimum stage of weed and

crop growth at which to apply one and or two herbicide mixtures for prolonged and

maximum efficacy. A single herbicide mixture was applied at 2-3 day intervals on 8

different occasions to 3 m?plots, beginning at the expanded cotyledon stage of sugar beet
growth. Each plot received two applications at right angles overlaying each other, to give

each and every combination of spray timings.

Treatments were applied by hand held AZO sprayer using Lurmark F-110 - 01 nozzles at

2.5 bar pressure producing 80 litres ha * water volume.

Table 1. Treatments applied in 1992-1994.

Location Chemical mix Year _Replicates

 

Southorpe pmp.(399g) + lenacil (176g) 1992

Southorpe pmp.(399g) + lenacil (176g)+mineraloil (1.0 1) 1992

Blackbush 1 pmp.(399g) + tri-allate (600g) 1993

Blackbush 2. pmp.(399g) + tri-allate (600g) 1993

Nth. Lopham pmp.(331g) + chloridazon/ethofumesate (275/170g) 1993

mineral oil (1.0 1)

Chatteris pmp.(399g) + lenacil (176g) + mineral oil (1.0 1) 1994

Whittlesey pmp.(399g) + lenacil (176g) + mineral oil (1.0 1) 1994

 

pmp. = phenmedipham Doses are in grammesorlitres of active ingredient ha 



Weed and crop percentage biomass comparedto untreated control was scored 7 DAT and

at 50 % crop cover. In 1993 and 1994, at each spray date, 5 beets were randomly selected

from an untreated area of experiments at Blackbush, Nth. Lopham, Chatteris and

Whittlessey and weighed to measure the rate of fresh weight growth.

Randomised block trials 1995

In 1995, trials were set up on four sites each with four randomised blocks. Two, two-spray

programmes were compared with a conventional three-spray programme (Table 2). The

timings for the two sprays were those identified as the optimum for one spray from the

timing trials results and a best estimate for a following second spray.

Table 2. Treatments applied in 1995

Chemical mix

Application timings g or ml ha!

 

1) Untreated control

2) SD1 beet at 2-4 TL pmp.(331) + chloridazon/ethofumesate (275/170)

+ mineral oil (1000)

SD2 beet at 4-6 TL pmp.(331) + chloridazon/ethofumesate (275/170) +

mineral oil (1000)

3) SDI beet at 2-4 TL pmp.(399) + lenacil (176) + mineral oil (1000)

SD2 beet at 4-6 TL pmp.(399) + lenacil (176) + mineral oil (1000)

4) SD1 beet at cotyledon pmp.(330) + metamitron (875)

SD2 beet at 2 TL pmp./ethofumesate (160/200) + metamitron (700)

SD3 beet at 4 TL pmp.(331) + chloridazon/ethofumesate (275/170) +

mineral oil (1000)

 

TL = True Leaves Doses are in grammesorlitres of active ingredient

ha’!

Total weed numbers and percentage of each species in the control plots were recorded at

commencementof the experiment. Weed and crop biomass wereassessed, relative to the

control plots (being 100 %), 7 DAT. Crop and weed biomass wereassessed at 50 % crop

cover and commercial weed control (i.e. season long) assessed in early July. 



RESULTS

Timing trial 1992-1994

Figure 1. Weed biomass measured 7 DATofa single treatment.
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Figure 1 showsa consistent reduction in weed biomass, from the applications up to and

including those timed at 2-4 true leaves of beet, when assessed 7 DAT. After this time in

two of the three years control declined dramatically. In the third year, however, weed

control did not decline until applications were beyond the six true leaf stage of beet.

The results for two sprays (Figure 2) are expressed as the meaned score from all plots

receiving a spray at the spray date identified by the (x) axis and a second spray on another

date.

Figure 2. Effect of two applications on weed biomassassessed at 50% crop cover.
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There was a reasonably consistent effect from the timing of the sprays on weed biomassin

1992 and 1993. A trend for good weed control was noted whenfirst treatments were 
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applied at the 2-4 leaves of the crop. However, in 1994 this trend differed slightly in that
control did not fall until the six true leaf stage of the crop. Sequences started at the

cotyledon stage of the crop gave the most variable weed control.

Figure 3 shows the effects of a single herbicide application on crop biomass 7 DATas a

mean of the four sites measured and the corresponding rates of fresh weight gain per day

on untreated crop.

Figure 3. Effect of a single herbicide spray on crop biomass and rate of crop growth.
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When the sites were averaged, rapid crop growth and retardation of crop by single

herbicide application occurred simultaneously. When rate of growth of the beet was slow,

the extent of herbicide damage was small and vice versa.

Replicated block trials 1995

Table 3. Summary of weed control achievedat all sites in July 1995

Control acceptability

% Plots with commercially score (7=commercially

Treatment acceptable weed control acceptable)

 

LSD @5 %

  



None ofthe treatments, when combining all sites, produced commercially acceptable weed

control. However, 25 % ofall two-spray plots and 56 % of the standard three-spray plots

were commercially clean at the end of July.

DISCUSSION

It would appear that 2-4 true leaves of the crop was the latest timing that these mixtures

would control weeds with one application. After this, weed control fell rapidly. Where

weed numbers were low (1994), weed control continued to be successful up to the six true

leaves of the crop, with most single sprayed plots commercially clean at the end of the

season. These results suggest that in somesituations, one timely spray was sufficient to

control weeds throughout the growing season.

Plots scored at 50 % crop cover, after receiving two applications of herbicide, still showed

a slight increase in weed control where they received an application at 2-4 true leaves

compared to cotyledon stage of the crop. Applications at cotyledon stage showed variable

weed control from year to year, almost certainly owing to low weed emergence at the time

of application. The level of commercial control was not shown, as this was difficult to

indicate when combiningall sites and years on charts as used here. However, all sites in

all years had some commercially clean plots at the end of the season,including the 1993 fen

sites. The meaned crop biomass at 7 DAT,indicated a critical period around two true

leaves of the crop when crop biomass was adversely affected by herbicide applications. This

coincided with a period when crop growth was rapid, (up to 40 % fresh weight gain/day).

The randomised blocktrials in 1995 did not achieve consistent weed control. These were

carried out in a very difficult season for weed control, early season temperatures were cold

and conditions dry. Neither the conventional standard of the three-spray programmenor the

two-spray programmes gave consistent acceptable control overall sites. It is likely that a

more ‘weed species specific’ choice of chemical mix may have improved the control in this

season.

Future work will concentrate on evaluating the technique over more sites and weed control

situations. Where the technique has not worked, it has highlighted the requirement of more

careful selection of herbicides as compared to the more usual programmeof three-sprays.

More workis required to identify the optimum timing for the second spray.
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ABSTRACT

A Field study was conducted to investigate the effect of wheat and barley straw on

Orobanche ramosa growth and development in potatoes. Surface and preplant

incorporated mulches of wheat and barley straw were applied at four different

rates: 0, 6000, 9000, and 12000 kg.ha! each. Results indicated that wheat and

barley residues at different rates significantly reduced Orobanche shoot number,

height and dry weight. Preplant incorporated residues of both crops were more

effective than surface applied residues in reducing Orobanche growth and

infestation. All tested treatments delayed Orobanche shoot emergence above the

soil surface and reduced the Orobanche dry weight. High levels of both types of

straw had no effect on the potato yield, but affected the vegetation growth of

potatoes as compared to control.

INTRODUCTION

Orobanche ramosa, commonly called branched broomrape, is a noxious root

holoparasitic higher plant. It is widely distributed in disturbed habitats, colonizing

diverse ecosystems throughout semi-arid regions of the world. Grasses are not

attacked, but a wide range of herbaceous dicots are parasitized by Orobanche (Janudi,

1982; Parker and Riches 1993). It is a serious agricultural problem and in Lebanon,

potatoes and tomatoes are the primary commercial crops it parasitizes. It is especially

troublesome in potatoes, where it causes severe economic losses by reducing yield

quantity and quality (Saghir, et al., 1982). Quantitative data on losses caused by

Orobanche species are scarce and not precise, but yield losses of around 34 % across

all species have been suggested by Linke er al.(1989).

O. ramosa reproduces primarily by producing thousands of seeds. One plant can

generate up to 500,000 seeds, and one gram ofseed contains around 150,000 (Zimdahl,

1993). Some seeds germinate in the next growing season, while others remain dormant

in the soil for up to ten years. Germination is stimulated by secretions from the host’s

root. Upon germination, a germ tube "rootlike structure" movespositively toward the

root of the host. Onceit strikes the root, it immediately forms an appressorium. If no

host attachment occurs, the germ tubeloses its ability to parasitize within a few days

(Linke et al., 1989).

An important aspect of Orobanche is our present inability to control it. A lot of 



research on its control has been published, including cultural, biological, mechanical

and chemical methods (Linke et al., 1989; Parker and Riches, 1993; Saghir et al.,

1982). Yet none of these methods has been successful, effective and economic. In

Lebanon control measures are limited to fumigation and hand pulling which is

expensive and injurious to the host plants (Janudi, 1982). Thus research on an

alternative control method such as using crop residues is necessary.

The concepi of crop residues such as wheat and barley straw had not been tested on

parasitic weeds. It is well documented that wheat and barley straw affect germination,

growth, and developmentof several weeds. Putnum et al.(1983) indicated that residues

of wheat and barley reduce the density and biomass of several weed species. Residues

of wheat have been found to reduce the fresh weight of Aegilops cylendrica by 70 to

85 % (Anderson, 1993). The main objective of this study was to determine if the use

of surface-applied or incorporated wheatand barley straw reduces O, ramosa growth

and population in potato.

MATERIALS AND METHODS

Seed source

Seeds of C. ramosa were obtained from plants parasitizing potate in the Beqa’a plain

of Lebanon in 1993. Seeds werestored in darkness at room temperature until used for

experimental purposes.

Field experiment

A naturally infested field with O. ramosa wasselected at the Agricultural Research and

Education Centre (AREC) in the Beqa’a plain, Lebanon on June 28, 1994. The AREC

is located :n the northern central Beqa’a plain, Lebanonatan elevation of 1000m. The

soil is silty clay loam with a pH of 7.68, organic matter 1.86 % and E.C. of 0.39

mmhocm*. Thefield wastilled and disked twice and then shaped into furrows 75 cm

wide.

In all experiments, residues of local wheat cv."Nessr" and barley cv. "Rihan”,

consisting mainly of stems and leaves (straw) were collected from AREC in June 1994,

and stored in dry conditions until study initiation. Certified potato seed "Mondial"

were used. The experimental area received uniform application of 2500 kg.ha! of NPK

(15:15:15), one week before sowing, followed by shallow tillage. No further nitrogen

was supplied.

Wheatand barley residues eachat four levels (0, 6000, 9000 and 12000 Kg.ha") were

applied. These levels were based on the amount of straw left in the field from previous

wheat and barley crops. The amountsleft in the fields were found to vary from 7000-

9000 kg.na! for both mulches. Residues were either soil-incorporated one day prior

to planting potato seeds or applied as cover mulch (surface-applied) one day after

sowing potato. To eliminate weeds, the herbicide metribuzin (Sencor®) was applied at 



a rate of 0.75 kg a.i.ha™ after the addition of mulch.

Potato data included the numberof shoots 3 m', crop height, and potato yield of the

two middle rows, trimmed to 3 m in the centre. The height of five potato plants per

replicate were measured at random, 90 days after planting. Orobanche shoot

emergence, number of shoots 2 m® (twice/season), shoot height and dry weight of

Orobanche shoots 2 m? were recorded. Orobanche shoot height was measured on ten

shoots per replicate chosen at random one day before potato harvesting. Experiments

were arranged as a randomized complete block design with four replications. Plots

were 6 m long and 3 m wide.

RESULTS AND DISCUSSION

Both incorporated and surface-applied crop residues reduced significantly Orobanche

growth and development (Table 1). Orobanche shoot number(1st assessment) and dry

weight were significantly reduced by all treatments in comparison with the control. The

treatments reduced Orobanche shoot numberearly in season by 73 % to an average of

81 % compared to 300 shoots 2 m? in the control. However, late in the season, all

treatments, except for incorporated wheat at 12000 kg.ha™ and barleyatall levels, were

without an effect (2nd assessment). The highest reduction in Orobanche shoot number

was obtained with surface-applied barley at 12000 kg.ha".

All treatments delayed the appearance of Orobanche shoots and reduced the incidence

of its emergence as compared to the control (unpublished data). This suggests that

Orobanche germination and growth slowed downat early stages of potato growth. The

results also indicate that the incorporated mulches at all levels reduced significantly

Orobanche shoot height in comparison to surface-applied ones and the parasite-control.

Surface-applied mulch of wheat at 6000 and barley at 6000 and 9000 kg.ha™', were the

only effective treatments in reducing Orobanche shootheight.

All treatments reduced significantly Orobanche dry weight and incorporated mulch of

both crops were more effective than surface-applied ones. Incorporated mulches of

both crops reduced Orobanche dry weight by an average of 70 % compared to 55 %

by the surface-applied. The highest reduction of Orobanche dry weight was obtained

with incorporated mulch ofeither crop at 12000 kg.ha’. Dry weight was reduced by

87 and 80 % in incorporated wheat and barley mulch respectively when compared to

the control (Table 1).

Patrick er al. (1963) indicated that the location of wheat residues with respect to the

plant roots had a direct effect on root growth. Plant residues caused injury if the

residues were in contact with or in the vicinity of plant roots. Kimber (1973), indicated
that surface-applied wheat straw depressed seed germination of many weeds. Our

results show that incorporated residues are more effective in reducing Orobanche

growth than surface-applied mulch. Both crop residuessignificantly reduced Orobanche

growth and developmentearly in the growing season. Thus placementof residues with

respect to Orobancheis critical. 



Its well known that the intensity of Orobancheinfestation is affected by several factors
including, soil moisture, pH, and soil fertility (Parker and Riches, 1993). Crop

residues conserve moisture in the soil, lower the soil temperature and reduce the

nitrogen level. Several local farmers indicated that high soil moisture could curb the

growth of O. ramosain potatoes. Parker and Riches (1993) indicated that Orobanche
growth is reduced under wet conditions.

Table 1. Effect of wheat and barley residues on the shoot number, shoot height, shoot

dry weight of Orobanche.
 

Treatment Rate Shoot no. Shoot no. Shoot Shoot
(kg.ha') (1st) (2nd) height dry wt.

(cm) (g)

Control-parasite 0 Og Oe Oc Of

Control-+ parasite 0 300 a 452 a I7 a 82a

Soil-incorporated mulch
Wheat 6000 153 b 373 abc 13 b 24 cde

9000 136 be 342 a-d 13 b 39 bed
12000 84 cde 276 bcd 11 b 10 ef

Barley 6000 65 def 184 d 13 b 23 cde

9000 84cde 249 bed 12b 33 bed
12000 69 def 230 cd 12 b 17 def

 

Surface-applied mulch
Wheat 6000 43 efg 298 a-d 15 ab 52 b

9000 69 def 344 abc 12b 34 bed

12000 100 b-e 305 a-d 13 b 40 bed

Barley 6000 111 bed 399 ab 15 ab 45 be

9000 43 efg 349 abc 14 ab 30 cde

12000 14 fg 30 e 12 b 23 cde

Meansfollowed by sameletter do not significantly differ (Duncan’s MRT, P=0.05).
 

Extent research indicates that crop residues reduce nitrogen level in soil. Nitrogen has

been found to enhance Orobanche seed germination (Rakesh and Foy, 1992), but

inhibits the parasitic growth of Orobanche (Abu-Irmaileh, 1981). Thusit is likely that

nitrogen immobilizationin soil due to the application of crop residues delays Orobanche

seed germination and seedling emergence abovethesoil and reducesits infestation. In

addition, other factors such as physical and chemical effects of the residues and the

effect of their breakdown products (allelochemicals) could affect Orobanche growth and

development. Several scientists reported that wheat and barley residues produce

allelochemicals that inhibit the growth of many crops and weeds (Guenzi and McCalla,

1966; Guenzi et al., 1967; Putnum ef al., 1983).

Results in Table 2 indicate that none of the mulch treatments were phytotoxic to potato

plants. The numberofplants, height and yield was not affected by the addition of crop

mulches. In fact, a significant increase in the potato yield was observed in most of 



treatments. This increase besides being a result of the significant Orobanche control,

may also be due to the indirect effect of the treatment such as high level of organic

matter, low soil temperature and high soil moisture. However, high levels of soil-

incorporated mulches affected the vegetation growth of potatoes compared to the

parasite free-control. Chlorosis was observed later in the season with high levels of

incorporated mulches, but yield was notaffected.

Table 2. Effect of wheat and barley residues on the plant number, height and yield of

potato.
 

Treatment Rate Plant no. Crop height Tuber fresh
(kg.ha') 3mlength (cm) wt.(kg)

Control-parasite 0 17a 94.7 4a 1.30c

Control + parasite 0 20a 88.0 ab 1.10 ¢

Soil-incorporated mulch
Wheat 6000 21a 81.7 ab 2.33 ab

9000 18a 68.0 ab 1.13 ¢
12000 19a 84.0 ab 1.24 ¢

Barley 6000 Sa 85.3 ab 2.30 ab
9000 17a 60.3 b 1.82 be
12000 18a 81.7 ab 1.76 be

Surface-applied mulch
Wheat 6000 18a 88.0 ab 2.25 ab

9000 23a 96.7 a 2.13 ab

12000 25a 85.0 ab 1.78 be
Barley 6000 19a 81.0 ab 1.57 be

9000 23a 97.7 a 2.75 a
12000 ISa 82.0 ab 1.63 be

Meansfollowed by same letter do not significantly differ (Duncan’s MRT, P=0.05).

The degree ofvariation in this experiment was extremely high. The nature of the host-

parasite relationship is very delicate and is mediated by several factors such assoil

moisture, soil microorganisms, soil temperature and nutrient levels in soil (Parker and

Riches, 1993). All these factors varied during the growing season and between weeks

of the growing season. Furthermore, being a naturally infested field there were three

main constraints, including the difficulty of creating plots free of the parasite, the

random distribution of the parasite and the emergence of Orobanche shoots over an

extended period.

Ourresults have led to the conclusion that Orobanche growth and development can be

suppressed with residues of mature cereals, both incorporated and surface-applied wheat

and barley residues inhibited the growth of Orobanche under the condition of ourtest,

soil-incorporated residues were more effective than surface-applied ones in reducing

Orobancheinfestation and the severity of Orobanche growth inhibition depends on the

residue concentration and the location of the residue with respect to the Orobanche 



seeds and seedlings. Further greenhouse and laboratory studies should be conducted

in greater deiail to verify these results.
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ABSTRACT

Four experiments in the season 1993/94 investigated the relative competitive
effects of 11 annual weeds in winter oilseed rape. By integrating infestation
levels with the reductions in crop growth caused by the weeds it has been
possible to produce a tentative index of their competitive abilities. Galium
aparine was most competitive followed by Papaver rhoeas, Stellaria media, and
Sinapis arvensis. Lamium purpureum, Veronica persica, Matricaria perforata and

Poa annua were intermediate, whilst Capsella bursa-pastoris and Fumaria

officinalis were only weakly competitive. Viola arvensis was least competitive.

INTRODUCTION

The techniques used in the production of oilseed rape have been evolving over the last

ten years as a result of economic pressures,legislative requirements, technical progress

and changes in EU supportfor arable agriculture. The profitability of winter oilseed rape
has declined during this period, encouraging reductions in fertiliser and pesticide usage.
This means that the use of herbicides has to be clearly justified.

The experiments reported in this paper are part of a larger programme which has the
primary aim of identifying the benefits arising from the control of broad-leaved weeds
in winter oilseed rape. Earlier research on the effects of these weeds was limited and,
because muchof the data was from mixed infestations, it was not possible to identify the
critical species (Bowerman, 1989; Davies et al., 1989). The overall impression was that

there was not often an economic yield benefit resulting from their control (Wahmhoff,
1990; Lutman, 1991). Research in Germany has begun to identify the competitive effects
of some broad-leaved species (eg Munzelet al., 1992), ranking species accordingto their
competitiveness. They concluded that Stellaria media was their most competitive broad-
leaved weed followed by Matricaria spp. and then Lamium purpureum, Viola arvensis,
Myosotis arvensis and Capsella bursa-pastoris. Similar data were not available in the UK.

An earlier paper (Lutman ef al., 1993) reviewed the competitive effects of S. media,
Galium aparine and Matricaria perforata, from experiments in 1992 and 1993. This paper
provides information on a wider range of species from experiments completed in 1994. 



MATERIALS AND METHODS

The experiments described were doneon the research farms of the four authors: IACR

Rothamsted, ADAS-Boxworth, Morley Research Centre - Stonham farm, SAC Aberdeen

- Tillycorthie farm. Details of cropping and assessments are given in Table 1. Each

experiment was of a randomised block design with three replicates and included 5-7

weed species chosen from the following: Sinapis arvensis, S. media, G. aparine, Veronica

persica, Fumaria officinalis, V. arvensis, Papaver rhoeas, L. purpureum,M.perforata, C.

bursa-pastoris and Poa annua. Each species was sown at two appropriate densities and

each experiment included a weed-free treatment. Species studied and the densities

established in each experimentare presentedin Tables 2 and 3. Indigenous weeds were

controlled when necessary with appropriate herbicides or by hand weeding. Samples

(0.25 - 1.0 m?) were taken in December/January and in April. Crop and weed dry

weights were determined. Rapeyields(t ha? at 9% moisture) were recorded at maturity.

Table 1. Details of experimentsites

 

Details

Soil type

Rape cultivar

Sowing date

Plot size

Rape plants m®
Nitrogen (kg ha? N)

Aberdeen

sandy loam

Rocket

30 August

2.1 x 20m

80

180

16 Dec.

Boxworth

clay

Bristol

7 Sept.

2.25 x 20m

83

190

11 Jan.

Morley

fandy clay
oami

Apex

7 Sept.

2.25 x 10m

64

201

14 Jan.

Rothamsted

pity clay
oam

Falcon

7 Sept.

3x14m

78

175

15 Dec.Assessment date 1

Assessment Gate 2

Harvest date,

21 April

31 August

25 April

18 July

1 April

29 July

7 April

29 July
 

RESULTS AND DISCUSSION

Details of the December/January harvest are not given in the paper but can be found

in the full report of this project (Lutmanet al., 1995). The vigour of the crops and weeds
varied between the foursites, the crop at Boxworth being of particularly poor vigour in
the winter, resulting in a low yield. As it was not possible to establish identical
populations of weedsat all sites, comparisons between sites are partially confounded.

However, it is still possible to establish some overall conclusions as to the relative

competitive effects of the studied species. The relative behaviour of the species tended

to be similar at all sites. Complete suppression of the indigenous weeds wasnot always

achieved but in most plots the survivors did not have a marked effect on yields.

G._aparine

This weed was only tested at Rothamsted. Growth of the plants was slow until June,as 
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Table 2. The effect of competition from two densities of seven weed species in
Aberdeen(a) and five species at Boxworth (b) on the weight of rape and weeds in
April and on rapeyields (figures in bold are significantly different from the weed free
(P=0.05)).

a) Aberdeen
 

Weed Weed Sample dry weights (April) (g m?) Rape seed

species density yields
(plants m?) Rape Sownweed Total weed (t ha’)
 

 

S.media 152 43.7 527 642 —«1.89 (59.5)*
320 20.4 350 396 —«1.77 (62.1)

M.perforata 3 75.0 1 83 3.47 (25.7)

50 164 12 119 3.59 (23.1)

Vpersica 96.3 76 103 3.95 (15.4)

35.3 356 2.16 (53.7)

V.arvensis 78.2 144 2.56 (45.2)

82.3 180 2.89 (38.1)
Foofficinalis 179 50 4.47 (4.3)

56.1 110 3.00 (35.8)

C.bursa- 97.3 78 4.40 (5.8)

PaSIOUS 96.8 106 3.35 (28.3)
P.annua 148 156 3.40 (27.2)

67.0 214. ~—«.2.87 (38.5)
Weedfree 119 30 4.67

SED 49.4 : 120 0.778 (16.7)

b) Boxworth

S.media 251 338 0.81 (59.5)*

153 366 0.40 (62.1)

V.persica 246 199 0.92 (38.3)

146 353 0.57 (61.7)

S.arvensis 115 328 1.10* (26.2)

84 466 1.19* (20.1)

L.purpureum 317 31 112 1.40 (6.0)

194 187 0.90 (39.6)

P.rhoeas : 290 46 120 1.06 (28.9)

202 66 125 0.60 (59.7)

Weed free 241 88 1.49

SED 65.5 53.2 68.7 0.221 (14.8)

 

 

figures in parentheses = % yield loss
rape yields on S.arvensis plots contain approximately 11 % of S.arvensis seeds 



Table 3. The effect of competition from two densities of six weed species at Morley
(a) and Rothamsted (b) on the weight of rape and weeds and April and on rapeyields
(figures in bold are significantly different from the weed free (P=0.05)).

a) Morley

Weed Weed Sample dry weights (April) (g m*) Rape seed
species density yields

(plants m?) Rape Sown Total weeds (t ha’)
weeds

S.media 155 92 443° 2.70 (30.6)
620 464 2.37 (39.1)

M.perforata 56 50 4.17 (-7.2)

156 3.20 (17.8)

Vpersica 96 4.11 (-5.7)

795 3.45 (11.3)

S.arvensis 123 3.52* (9.5)

276 3.21* (17.5)

L,purpureum 104 3.77 (3.1)

542 3.07 (21.1)
P.rhoeas 205 3.07 (21.1)

496 3.17 (18.5)

Weedfree 0 3.89

SED 0.317 (8.23)

 

b) Rothamsted

S.media 185 3.19 (20.4)*

142 3.45 (14.0)

G.aparine : 249 6 58 3.72 (7.2)

. 270 7 63 2.42 (39.7)

M.perforata 261 27 65 3.94 (1.7)

208 58 4.08 (-1.7)

V.arvensis 284 12 58 4.02 (-0.2)

295 26 57 3.89 (3.0)

S.arvensis 159 131 165 2.25 (43.9)

70 264 303 0.83 (79.3)

L.purpureum 233 26 80 3.99 (0.5)

165 163 197 3.42 (14.7)

Weed free 269 73 4.01

SED 27.1 27.9 25.3 0.239 (6.00)
 

Figures in parentheses = % yieldloss
Rape yields of S.arvensis plots contain an unknown % of S.arvensis seeds
Weed weights at Morley = sown weeds + indigenous species 
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it had been iin the previous experiments (Lutmanetal., 1993), but the density of only 6.3
plants m? reduced yield by nearly 40% (Table 3), making it the most competitive weed
at this site. The main reason for the yield loss was the difficulty caused by the weed at
harvest. In addition, this density caused 26% contamination of the harvested grain.

Prostrate species (S. media, V. persica, L. purpureum

S. media grew very vigorously during the autumn and winter,significantly reducing crop
weight in April at all sites except Boxworth (Tables 2 & 3) Atthree sites, densities of
132-155 plants m” the previous autumn reducedyields by 30 - 60% andatthe fourth site
(Rothamsted) by c. 20%. The effects of intra-specific competition were clearly seen at
this site because of similar yield losses recorded at densities of 59 and 328 plants m*
The generally high level of yield loss agrees with the experiments carried out in 1992 and
1993. V. persica at high densities, like S. media, produced a large weightof plant by the
end of the winter and at Morley it also significantly reduced crop weight. However, as
it tended to senesce very early in the summer,yield losses were not as great as those
recorded for S. media. L. purpureum has a similar phenology to the other two species,
growing vigorously in autumn and winter. It reduced rape weights in April at two of the
three sites. Significant yield losses (15 - 40%) were recorded onall three sites. It
appearedslightly less competitive than S. media, but similar to V. persica.

Erect species (S. arvensis, M. perforata, P. rhoeas)

The behaviour of S. arvensis was different at the three sites. It grew vigorously in the
autumn, so that in December/January it was almost as abundant as the S. media and
caused marked reductions in rape weights. During the following three months it was
almost killed by the frost at Morley and was partially damaged at Boxworth but was

unaffected at Rothamsted. Consequently, in April the S. arvensis was extremely vigorous
at Rothamsted and was nearly absent at Morley. Yields reflected these effects, as less
than 20 plants m* reduced yields by 44% and abi at Rothamsted and Boxworth,

respectively, whilst an autumn density of 276 plants m® at Morley only loweredyields by
17%. S. arvensis contaminated the harvested grain and so the yields at Morley, may be
a slight overestimate. Analysis of the harvested seeds suggested it caused up to 15.5%
contamination at Rothamsted and c. 11% at Boxworth. In contrast to the S. arvensis, M.

perforata was not very competitive, as had been shown inthe earlier experiments. Low,
but non-significant, yield losses in the region of 20% were recorded from c. 150 plants
m” at Aberdeen and Morley. Similar densities at Rothamsted had no effect on yields.
Over 200 P. rhoeas plants m® at Morley reduced crop growth in April and lowered yields
by c. 20%. At Boxworth, where densities were lower,it had little effect on crop growth
in April but still reduced yields by 60%.

C. bursa pastoris, F. officinalis, P. annua

These three species were only studied at Aberdeen,as they wereparticularly relevant to
Scottish conditions. Only P. annua had significant effect on the crop, reducing yields
by 38%. At the studied densities, the other two species may have had someeffects,
especially C. bursa pastoris, but because of the patchy distribution of the weeds and
resulting high standard errors, their effects were notstatistically detectable. 



CONCLUSIONS

From thesefourtrials it is possible to producea tentative ranking of competitive abilities
of the 11 studied species:

Very highly competitive: G. aparine
Highly competitive: P. rhoeas, S. media, (S. arvensis)

L. purpureum,M.perforata, V. persica, P-annua, (S. arvensis)
Poorly competitive: C. bursa pastoris, F. officinalis
Very poorly competitive: V. arvensis

The position of S.arvensis depends on whetherit survives the winter. More work would
be needed to confirm these relative effects, but research elsewhere (eg Munzelet al.,
1992) gives a similar order of competitiveness for some of these species. Thus farmers
should be most concerned aboutthe presence of G. aparine, P. rhoeas, S. media and S.
arvensis in their rape crops, and should target herbicide treatments at these species.
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ABSTRACT

Field trials over two seasonsinvestigated the potential for reducing the dose of

metazachlor in winter oilseed rape and the influence ofinitial chickweed density

and crop sowing date on the efficacy of reduced doses. Metazachlor applied

early post-emergence gave good weedcontrolat half dose in a vigorous crop in

a good growing season, and even quarter dose wassufficient to preventyield

loss due to weed competition. However, im a less vigorouscrop, full dose was

necessary to prevent yield loss, and, where application of the herbicide was

delayed, weed control was not visually acceptable. Theresults of these trials

confirm the variability in yield response ofoilseed rape to broad-leaved weed

control and suggest that a semi-prophylactic approach based on an early

treatmentis a goodbasis for a cost-effective weed controlstrategy.

INTRODUCTION

Farmers are under increasing pressure to reduce agrochemical inputs for financial and

environmental reasons. In winter oilseed rape the costs of weed control represent a

substantial 15-27% ofthetotal variable costs of production (Anon., 1993, 1994a). Several

authors have reported yield responses to control of broad-leaved weedsin herbicidetrials to

be low (less than 6%; Davies, 1987; Bowerman, 1989) or variable (negative to greater than

20%; Davies et al., 1989; Walker et al., 1990). In many cases, yield response was not

related to the level of weed control achieved. Recent weed competition work has confirmed

that yield losses from broad-leaved weedsin oilseed rape are dependant onsite and season

(Lutman ef al., 1993).

Thehigh costs of weed controlin relation to the often small effects of weed competition on

yield suggests that herbicides are a good target for reducing the costs of inputs in oilseed

rape It also emphasises the need to develop an advisory strategy for cost-effective weed

control in this crop. However, the variability in yield response makes it very difficult to

predict the requirement for herbicides and to develop weed thresholdsto aid decision making

in oilseed rape. One potential approach is to adopt the use of routine reduced or

‘appropriate’ dose herbicide sequences, as advocated by Proven et al. (1991) for winter

cereals. However, the successful use of the appropriate dose approach requires an

understanding ofthe factors influencing theefficacy of reduced dosesin thefield.

Previous work onthe timing ofweed controlin oilseed rape suggested that late-sown crops 



are moresensitive to weed competition and yield loss may not always be prevented if weed

control is delayed beyond the early post-emergence stage of the crop (GP. Whytock,

unpublished data). Thus, an early treatment would be a useful basis for herbicide

programmesdesigned to achieve acceptable weed control with reduced inputs. The aim of

the trials reported here was to evaluate the potential for reducing herbicide doses and to

investigate the effect ofinitial weed density and crop sowing date on the need for herbicides

and the efficacy ofreduced doses.

MATERIALS & METHODS

Field trials were carried out over two seasons, 1991-92 (Experimeat 1) and 1992-93

(Experiment 2), at Tillycorthie Farm, Udny, Aberdeenshire on a freely drained sandy loam

soil. In Experiment1, oilseed rape, cv. Samourai, was sown with an Oyjord plot drill on 28

August. Chickweed (Stellaria media) seed was sown at two target densities, 125 and 500

plants m2 (low and high respectively). In Experiment2,oilseed rape, cv. Rocket, was sown

on 26 August, 3 September and 9 September. On each occasion, chickweed seed was sown

at a target density of 200 plants m-2-. In both experiments the crop seed rate was 6 kg ha“!

and chickweed seed was broadcast by hand before sowing the crop. Four herbicide

treatments were imposed within each chickweed density in Experiment | and within each

sowing date in Experiment 2. In both seasons, the herbicide treatments were metazachlor

(Butisan S; BASFple; 500 g ai. litre!) at 750, 375 and 188 g ai. ha"! and an untreated

control, The treatments were applied early post-emergence at crop GS 1,0-1,1. All

treatments were applied with an Azo propane small plot sprayer fitted with TeeJet 11002

‘low-drift! nozzle tips and calibrated to deliver 200 | ha-! at a pressure of 2.5 bars.

Harvested plot size was 1.95 m x 18 m and there were four replicates in a randomised block

design in Experiment 1 and four replicates in a split plot design with sowing date as main

plot in Experiment 2. Percent weed ground cover wasscored visually by species on a whole

plot basis on 3 October 1991 and 23 January, 17 March and 26 April 1992 in Experiment |

and on 15 December 1992 and 10 February, 18 March and 26 April 1993 in Experiment2.

The plots were swathed with a Haldrup plot swather. In Experiment 2, the three sowing

dates were swathed separately as each reached the correct stage of maturity. Plots were

harvested on 6 August and on 1 September (all sowing dates) in Experiments 1 and 2

respectively with a Deutz Fahr 660 plot combinefitted with an electronic balance. A seed

sample of approximately 1 kg was taken from each plot and a sub-sample of 100 g dried at

80°C for 48 hrs to determine dry matter content. A further sub-sample of 100 g was cleaned

by sieving, aspiration and handpicking to determine ‘clean seed conteat'’. Clean seed yield

was expressedin t ha-!at 91 % d.m.

RESULTS

The crop in Experiment 1 was sown at the end of August when soil temperatures were high;

rain fell within a few days of sowing which ensured good establishment. Warm sunny

weather in September encouraged rapid growth resulting in a vigorous crop which

overwintered well. The sown chickweed established better than expected, especially at the

lower density (272 m*2 vs 125 mr? target at the low density, compared to 555 m2 ys 500

m2 target at the high density). The developmentofchickweed ground cover (mean oftwo 



densities) over the season is summarised in Figure 1. In October,all herbicide treatments

significantly reduced chickweed ground cover compared to untreated but there was no

difference between doses. Chickweed ground cover in untreated plots increased from a

mean of 12 %in October to 52 % in January. Despite this, full dose herbicide reduced mean
chickweed ground cover to less than 2 % and half dose to 4.9 % in January. Remaining

chickweed ground cover at quarter dose wassignificantly greater than either of the higher

doses at 12.6 %, butstill significantly less than the untreated (Figure 1). Chickweed ground

cover peaked at a mean of 68 % in untreated plots in mid-March, while weed ground cover
scores in the treated plots remained very similar to those in January. There was noeffect of

sown weed density onfinal yield (Table 1); failure to control weeds, however, significantly

reduced the meanyield of the two sowing dates by 10 % compared to full dose herbicide.

Despite the visually poorer weed control at quarter dose noted throughout the season

(Figure |), this rate of application was sufficient to prevent yield loss due to chickweed

competition (Table 1).

Table 1. The effect of chickweed density and herbicide dose on seedyield,t ha!

at 91 % d.m. in Experiment1.

 

Herbicide dose

Target chickweed

density Quarter
 

Low 3.79

High 4.00

Mean ’ . 3.90

 

LSD (P<0.05): Sowing date NS; Herbicide dose 0.240; Means in body oftable NS

During the establishment of Experiment 2 the mean soil temperature in autumn was

approximately 2°C below average. The crop was sown into moist soils, but low

temperatures delayed establishment, and growth slowed further when soil temperatures

dropped in October and November. Asa result, the crop was small going into winter and

slow to grow away in spring, Sown chickweed established bettter than anticipated in the

first sowing (363 plants m2 vs 200 m2 target), close to the target density in the second

sowing (208 m-2) and belowtarget in the third (149 m2). The development of chickweed

ground coverin plots either treated with full dose herbicide or left untreated is shown in

Figure 2 for the three sowing dates. For simplicity, the data for half and quarter doses are

not presented. Throughout the season, across all three sowings, chickweed ground cover

was alwayssignificantly less in plots treated with full dose herbicide than in untreated plots.

However,the efficacy of the herbicide differed between the sowing dates. Plots treated with

full dose herbicide had consistently greater chickweed ground coverat the early compared to

the two later sowing dates, up until March (compare 23.8 % ground cover in the 26 August

sowing with 3.7 % and 0.0 %in the 3 and 9 September sowingsrespectively). Chickweed 
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Figure 1. The effect of herbicide dose on the development of chickweed ground

cover (mean oftwo target chickweed densities) in Experiment1.
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Figure 2. The effect of sowing date and full dose herbicide on the development

of chickweed ground cover in Experiment2. 



ground coverincreased substantially between March and April in all sowing dates (Figure 2).

As a result of the poor growing season, seed yields were low compared to the previous year

(mean 1.53 compared to 3.75 t ha! in 1992). Sowing date hadnosignificant effect on seed

yield overall, perhaps because the effect of delayed sowing was masked by considerable

variation within sowing date. However, failure to control weeds substantially reduced yield

(Table 2); untreated plots yielded on average 55 % less than those treated with full dose

herbicide, and all treated plots yielded significantly more than the untreated. Yield declined

sharply as herbicide dose was reduced.

Table 2. The effect of sowing date and herbicide dose on seedyield, t ha~!
at 91% d.m. in Experiment2.

 

Herbicide dose

Sowing date Half Quarter Nil
 

26 August 1.82 1.69 1.11

3 September 1.51 1.16 0.93

9 September 1.99 1.28 0.76

Mean ; 1.78 1.37 0.93

 

LSD (P<0.05): Sowing date NS; Dose 0.353; Meansin body oftable NS

DISCUSSION

The results of these trials confirmed the variability in the yield response of oilseed rape to

broad-leaved weed control (Lutman et al., 1993) and demonstrated the role of crop vigour

and seasonal weather pattemsin influencing these responses.

Metazachlor gave visually acceptable weed control at full and half doses in a vigorous crop

in Experiment 1. Although weed control was poorer at quarter dose, the amount of

chickweed remaining was not sufficient to compete with the crop and reduce yield.

Therefore it could be argued that weed control was acceptable. There was no evidence to

suggest that initial chickweed density influenced the efficacy of the herbicide, though this

would not necessarily have been the case in a less vigorouscrop.

By contrast. in Experiment 2, where crop vigour was poor, even full dose herbicide failed to

give visually acceptable weed control in the early sowing. However, weed control was good

until March in the later sowings. This may be because application ofthe herbicide in the first

sowing was delayed by slow crop establishment and windy weather and the chickweed had

reached the 4-6 leaves stage by the time of spraying. Treatment was moretimely in thelater

sowing dates: none of the chickweed had more than 2-4 leaves and therefore it would have

been more susceptible to the herbicide. especially at low doses. It is worth noting that the

‘full’ dose used here, although the standard dose used in Scotland,is, in fact, only 60% ofthe
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maximumdose on the label (Anon.. 1994b). Given the late application in the first sowing,
perhaps a higher dose should have been used in this case. Full dose herbicide was

necessary to prevent yield loss due to weed competition irrespective of crop sowing date.

The contrasting results of these twotrials highlight the difficulties of attempting to predict
the responsesofoilseed rape to weed control and strengthen the case for adopting a semi-

prophylactic approach to the control of broad-leaved weeds. In vigorous crops in good

growing condjtions, a reduced dose of metazachlor applied early post-emergence maybeall

-that is required. In less vigorous crops, the use of such an early treatment offers the

flexibility of following up with a low dose post-emergence herbicide such as benazolin +

clopyralid or cyanazine later in the autumn, if the dose of metazachlor required is

underestimated. This approach is a soundbasis for a cost-effective weed control strategy

and need not eatail any extra application costs, at least in Scotland, where most crops are

sprayed with a fungicide in autumn to control light leaf spot (Cylindrosporium

concentricum) {Sutherland er a/., 1994)
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ABSTRACT

Pre- and post-emergence herbicides were compared to assess efficacy on
oilseed rape volunteers sown shallowly at 0-10 mm, or deep at 60 mm
depth, in peas. Pre-emergence pendimethalin/prometryn and
fomesafen/terbutryn were effective in 1993 and 1994 when shallow sown
rape was more easily controlled but, under dry soil conditions, were
inadequate in 1995. Post-emergence tank-mixes terbuthylazine/isoxaben
+ bentazone (315/56 + 480 ga.i. ha-!), pendimethalin + bentazone (800
+ 750 g ai. hav!) (not registered in the UK) and half a dose of
bentazone/MCPB + cyanazine (400/400 + 100 g a.i. ha-!) performed
best. This latter treatment and MCPBat 1680 g a.i. ha"! were the least
expensive. In 1993, desiccants were compared, the addition of wetter
improved speed of action of diquat; glufosinate ammonium was slow to
desiccate oilseed rape volunteers.

INTRODUCTION

Oilseed rape volunteers (Brassica napus) frequently occur in peas where both crops
are grown in the samerotation. A survey of 17.7 thousand ha of vining peas in
England in 1992 (Knott, 1993) showed that 24.8 % were infested with rape volunteers
which can cause a weedy contaminant problem. In peas harvested dry, oilseed rape
can cause severe combine harvestingdifficulties and treatment with a desiccant adds
to production costs. Farmer experience suggests that rape seedpersists in the soil for

five years or more and research on this topic is being carried out by Lutman (1993).
Garrett and Orson (1989) found that emergence ofoilseed rape from seed sownin

pots at 75 mm depth was good, but seven days later than shallow sownrape, but only

8 % of seed sown at 100 mm depth emerged. In the’field, pre-emergence herbicides

may not control seed germinating from depth and a prolonged period of emergence

presents a problem for the timing of post-emergencesprays.

The objectives of the experiments in field (combining) peas reported here were: to

identify the most effective herbicide treatments, the optimum dose and timing of
application relative to growth stage of crop and volunteer, and in 1993 and 1994 to

assess controlofoilseed rape sownatdifferent depths. In 1993 desiccation of oilseed
rape volunteers wasalso studied. The experiments were funded by PGROpulselevy.

MATERIALS AND METHODS

The experiments weresited on sandy loam soil at Thornhaugh, Cambridgeshire. In

March,peas,cv. Solara in 1993 and 1994, ev. Grafila in 1995, were sown 50 mm deep

and oilseed rape cv. Libravo was sown in rows between the peas. In 1993 and 1994,

rape was shallow sown just on the soil surface at 0-10 mm or deep sown at 60 mm,

and in 1995 at 50 mm only. Theplots wererolled with a Cambridge roll after sowing. 



The experiment was of randomised block design for herbicide treatments and with
four (1993) or three (1994 and 1995) replications. Plot area was 4 m x 10 m with
plots split for shallow or deep sownoilseed rape, except in 1995 where the area was
2mx 10m.

Dates of emergence of peas and oilseed rape were noted and growth stages recorded
at each application timing (Table 1). The peas were tested for leaf wax using crystal
(methyl) violet dye before each herbicide application timing and wax cover was good
on all occasions. In 1993 and 1994, oilseed rape wasalso tested for leaf wax.

Table 1. Herbicide application dates and growth stages ofpeas and oilseed rape
deep (D) or shallow (S) sown for experiments from 1993 - 1995.

 

Growth stages
Timing Application date Peas Oilseed rape

D

 

1993 experiment sown 9 March
TO 16 March pre-em
Tl 16 April 1-2 node
T2 20 April 2-3 node
T3 29 April 4-5 node
T4 3 May 5 node

1994 experiment sown 23 March
TO 21 April pre-em
Tl 27 April 1-2 node
T2 2 May 2-3 node
T3 10 May 4-5 node
T4# 27 May 7 node

1995 experiment sown 19 March
TO 30 March
Tl 13 April < 2 node
T2 21 April 2 node
T3 28 April 3 node
T4 3 May 4 node

# treatment T4 delayed because of adverse weather

 

Applications of herbicides and desiccants were made with an Azo plot sprayer
delivering 200 litre ha! through Lurmark flat fan nozzles 02F110 at 200 kPa
pressureto give fine spray quality.

The herbicides evaluated were pendimethalin/prometryn (Monarch; 264/170 g aii.
litre! SC), fomesafen/terbutryn (Reflex T; 80/400 g aii. litre! SC),
terbuthylazine/isoxaben (Skirmish 495 SC; 420/75 g_ ai. litre"! SC),
terbutryn/terbuthylazine (Opogard 500 SC; 350/150 g ai. litre-1 SC), pendimethalin
(Stomp 400; 400 g ai. litre-’ SC), bentazone (Basagran; 480 g ai. litre! SL), 



cyanazine (Fortrol; 500 g a.i. litre"! SC), MCPB/MCPA(Trifolex-Tra; 216/34 g a.i.
litre SL), MCPB (Tropotox; 400 g a.i. litre-+ SL) and bentazone/MCPB(Pulsar;
200/200 g a.i./litre-! SL). Pre-emergence herbicides were applied at rates
recommended for the light soil type, except for those containing pendimethalin
where the samerate is used forall soils. Post-emergence herbicide treatments were
applied either at the full dose recommended on the productlabel, or at half doses at
an earlier timing than recommended. A post-emergence tank-mix of pendimethalin
plus bentazonewasincluded, although it is not registered for use in the UK butit is
widely used in peas in France as Vulkan T. Programmesof pre- and post- emergence
herbicides were also assessed. In 1993, desiccants diquat (Reglone; 200 a.i. litre
SL) alone or with non-ionic wetter (Agral) and glufosinate-ammonium (Challenge;
150 § a.i. litre"! SL) were applied on 2 August at normal desiccation stage for peas
GS 301 (Knott, 1987) when mostof the crop was yellow, lower pods dry and brown,
upper pods green and wrinkled and pea seed moisture content about 40%. Atthis
timing the oilseed rape wasin flower, several pods were set and the leaves green.

Counts of oilseed rape plants in three random one metre lengths of row per plot
were made at appropriate intervals after spraying. Some treatments severely stunted
but did not kill the rape and therefore final assessments were made at dry harvest
stage for the peas. Analysis of variance was carried out. The effect of desiccants was
assessed as percentage area of leaf, pod and stem desiccated at intervals after
treatment.

RESULTS AND DISCUSSION

In the 1993 and 1994 experiments, there was rainfall after sowing and good
emergence of both shallow and deep sown oilseed rape with only 4 % and 14 %
reduction in emergence respectively. Deep sown rape emerged about 10 days later
than shallow sownrapein both years. Crystal violet tests showed that oilseed rape at
cotyledon and onetrue leaf (1 TL) stage had virtually no leaf wax with almost 100 %
dye retention. At later stages wax appeared dependent on weather conditions (it was
reater after a warm dry period), and also on pest and disease attack. Rape leaves at
-3 TL stage retained 10-50 % dye and wax was unexpectedly poorat the later stages

in both years.

Pre-emergence herbicide treatments (Table 2

In all experiments there was almost 100 % emergenceofoilseed rape plants on plots
treated with pendimethalin or pendimethalin/prometryn. However, most remained
at cotyledon stage, assumed a purple colouration and subsequently died in the 1993
experiment. In 1994, some survived during a wet April, although the plants were
stunted at harvest. The other pre-emergence herbicides reduced emergence.

In 1993 and 1994, pre-emergence herbicides in most cases achieved better control of
shallow sown than deep sown rape. Fomesafen/terbutryn and pendimethalin
/prometryn were the most effective pre-emergence treatments in two years but, for
the 1995 experiment, rainfall following application was negligible and consequently
residual activity was very poor. Terbuthylazine/isoxaben was less reliable and
terbutryn/terbuthylazine wasineffective in all three years,

Post-emergence herbicide treatments (Table 2)

At post-emergence timings, deep sown oilseed rape was at a less advanced growth 



Table 2. Percentage control of 'volunteer' oilseed rape deep (D) or shallow (S) sown in peas, with herbicide treatments at timings (see Table 3), for experiments from
1993-1995.

 

Herbicide Dose

(gai. ha”!)

Oilseed rape control (%)
Application 1994
timing D S Mean

 

pendimethalin/prometryn

fomesafen/terbutryn

terbuthylazine/isoxaben

terbutryn/terbuthylazine

terbuthylazine/isoxaben

terbuthylazine/isoxaben + cyanazine
terbuthylazine/isoxaben + bentazone
terbuthylazine/isoxaben + bentazone

pendimethalin + bentazone

bentazone/MCPB + cyanazine

bentazone/MCPB+ cyanazine

cyanazine + MCPB/MCPAsplit dose

cyanazine + MCPB/MCPA

MCPB
MCPB

1320/850

200/1000

420/75

805/345

420/75

315/56 + 750

315/56 + 240

315/56 + 480

800 + 750

400/400 + 100

800/800 + 200

500 + 216/34 & 500 + 216/34

1000 + 432/68

840

1680

Tl TLI
TO 97:5
TO 87.3
TO 44.3)”
Tl 76.8
T2 47.6
Tl -
Tl 100
T2 99.3

T2 98.8
T3 94.8
T2 & T4/T3 75.6
T3/T4 67.0

T2 71.9
T3/T4 6. 83.1

pendimethalin & bentazone/MCPB + cyanazine 1000 & 400/400 + 100 TO & T3 100
fomesafen/terbutryn & terbuthylazine/isoxaben + 200/1000 & 315/56 + 480 TO & Tl
bentazone

fomesafen/terbutryn & bentazone/MCPB +

cyanazine

fomesafen/terbutryn & MCPB

200/1000 & 400/400 + 100 TO & T2

200/1000 & 840 TO & T2

Mean numbersoilseed rape plants/m2 on untreated

Significance @ P=0.05
LSD
CV%

 

() data not analysed single plot; - treatmentnot includedin this year 



stage than shallow sown rape and hence better control was achieved.
Terbuthylazine/isoxaben alone or at a lower dose plus cyanazine were inadequate.
MCPBat 840 g a.i. ha~! did not perform as well as the normal dose. Control with
MCPB,or cyanazine + MCPB/MCPA,which rely on hormone herbicide activity,
was superior in the dry season of 1995 but many rape plants recovered during wet
weather in 1994. Both treatments were slowto act, causing distortion of the growing
points and the leaves remained green for about 30 days before plants died
completely.

Early application with tank-mixes of terbuthylazine/isoxaben + bentazone at
(315/56 + 480) § a.i. ha~*, low doses of bentazone/MCPB + cyanazine ft (400/400
+ 100) g a.i, ha-* and pendimethalin + bentazone (800 + 750) g a.i. ha~! applied to
rape at cotyledon -2 TL gave excellent control, causing severe scorch and complete
necrosis within a few days. Later applications with the full dose of bentazone/MCPB
+ cyanazine (800/800 + 200) g a.i. ha~+ also pe very effective control of rape at 4-6
TL stage, particularly when applied in ideal conditions of warm sunny weatherin
1993, but wasless effective in 1994 even though the rape was smaller 3-5 TL.

In 1995, the oilseed rape germinated overa long period in dry weatherandpossibly a
few emerged after the T1 and T2 timings, hence these early treatments wereslightly
less effective than in previous trials. The higher dose of 480 g a.i. ha"! bentazonein
tank-mix with terbuthylazine/isoxaben improvedcontrol.

The programmeof pendimethalin pre-emergence followed by bentazone/MCPB +
cyanazine in 1994 gave complete control. In 1995, because of poorresidual activity
in dry conditions, pre-emergence application of fomesafen/terbutryn used in
programmes did not significantly improve control compared with post-emergence
treatments alone.

Desiccants (Table 3)

In 1993 and 1994, the oilseed rape was vigorous, growing through Solara peas, and a
desiccant would have been required to avoid harvesting problems. In contrast, under
the drought conditions of 1995 the rape was suppressedbythetaller cv. Grafila.

Table 3. Effect of desiccants on volunteer oilseed rape in 1993, expressed as
percentage leaf area desiccated, visual assessment DAT.

 

Desiccant Dose % area desiccated
ga.i. hav! DAT leaf pods stem

 

diquat 600 2 80 50
5 100 100

diquat + non-ionic wetter 600 + 0.1% final volume 2 100 100
glufosinate ammonium 450 2 little effect

7 100 10
10 100 100

 

At the time of desiccant application, the oilseed rape was flowering, leaves, pods and
stem were green and dry hot weather followed. Results show that the
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addition of wetter to diquat speeded up desiccation and this treatment had the most
a effect. Glufosinate-ammonium had very slow action. Desiccants hadlittle
effect on the thick rape stems.

CONCLUSIONS

The experiments demonstrated that volunteer oilseed rape control with pre-
emergence herbicides may be unreliable, particularly if no rain follows application.
Oilseed rape often emerges after treatment with pendimethalin/prometryn and some
may survive under good growing conditions. The dilemmafor the farmeris to decide
at an early stage whethera follow-up herbicide application is worthwhile.

Consistent and nearly complete control of rape volunteers was achieved with: very
early applications to small rape of terbuthylazine/isoxaben + bentazone;
pendimethalin + bentazone whichis not registered in the UK andthe half dose of
bentazone/MCPB + cyanazine when the peas were at 2 node stage, earlier than
label recommendations. Further data on crop tolerance is needed tat the last two
treatments, but varietal tolerance screens in one year at Processors and Growers
Research Organisation suggest that safety margins may be adequate.

Under CAP reform, UK peas are now sold at world market prices and the most
economic treatments are sought. The cheapest, most effective, treatment was the
half dose of bentazone/MCPB + cyanazine. The full dose of MCPB was also
inexpensive. If, as a last resort, desiccants are needed, diquat + non-ionic wetter had
the quickest action, but desiccation may not overcomedifficulties of cutting through
thick rape stems with the combine cutter-bar at harvest.
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INTERACTION BETWEEN ANNUAL GRASS WEED POPULATION AND THE
TIMING OF WEED REMOVALON THE YIELD OF COMBINING PEAS AND SPRING
FIELD BEANS

S E WILSON
Zeneca Crop Protection, Fernhurst, Haslemere, Surrey, GU27 3JE

ABSTRACT

Twotrials in each of spring field beans and combining peas were conducted at
the Processors and Growers Research Organisation to determine the effects of
annual grass weed population and timing of weed removal on yield. Grass weed
infestations were simulated by sowing winter barley at various densities. These
were removed by application of fluazifop-P-butyl at two timings. Significant
yield reductions occurred at low weed populations in the absenceof control. In
general, there was a greater yield response to early weed removal at the 2-3

leaf pair/node stage than to later removal.

INTRODUCTION

It has long been understood that combining peas, and to a lesser extent field beans,

compete poorly with weeds. Both crops are regularly treated with herbicides in the UK
for grass and broad-leaved control with up to three applications being made in a season.

The efficacy and robustness of post-emergence graminicides allows growers to be
flexible in their approach to grass weed control (Knott, 1985). This encourages a ‘wait
and see’ approach to control which is sensible when the extent of grass weedinfestation

or emergence is not known. It is perceived by some growers and advisers that recent

product introductions have further increased this flexibility by having later harvest

intervals and, in the absence of contrary information to advise otherwise, there is a

tendency for graminicide applications to occur later year by year. Furthermore, there has

been little study of the effect of grass weed populations on the yield of combining peas

and field beans (Lutman et a/., 1994) or populations that justify herbicide treatment.

The purpose of the work described here was to assess both the effect of different grass

weed populations andthe effect of timing of weed removalon yield.

MATERIALS AND METHODS

Twotrials in each of field beans and combining peas were conducted at the PGROin the

spring/summer of 1994. The trial design was a randomised block arrangement with four

replicates. Plots were 2 mx 15 m.

Winter barley cv. Marinka was used as the representative grass weed (the most common

grass weeds in spring sown peas and beansare cereal volunteers) and was broadcast by
hand at the required density and then incorporated with a rotary cultivator. 95%

germination of the barley was achieved. Crops were then drilled two days later except

site 2 of the field beans which wasdrilled on the same day. 



Weed control was achieved using fluazifop-P-butyl (as ‘Fusilade’ 250EW) at 187.5 g

a.i.ha’’ together with non-ionic surfactant at 0.1% of spray volumein 200l/ha of water.

Applications were made with a plot sprayer pressurised with propane gas, using 110

degree flat fan nozzles, delivering a fine spray quality at 2 bar pressure.

Table 1. Treatments and timings.

 

Weedcontrol Weed density(pl m*) Timing

 

Untreated 0

Untreated 5

Untreated 20

Untreated 50

Untreated -

Untreated -

Complete removal T1 (2-3 nodes)

Complete removal T1 (2-3 nodes)

Complete removal T1 (2-3 nodes)

Complete removal T1 (2-3 nodes)

Complete removal T1 (2-3 nodes)

Complete removal T1 (2-3 nodes)

Complete removal T2 (T1+4weeks)

Complete removal T2 (T1+ 4weeks)

Complete removal T2 (T1 + 4weeks)

Complete removal T2 (T1+4weeks)

Complete removal T2 (T1+ 4weeks)

Complete removal T2 (T1+ 4weeks)

 

Table 2. Site details.

 

Site 1. Cottagers Piece, Thornhaugh Soil type SL over gravel

Site 2. Big Meadow, Thornhaugh Soil type ZCL

 

Site Crop Cv Sowing date Population (pl m’?)

 

1. Peas Solara 10 March 72

Beans Victor 10 March 42

Peas Grafila 20 March 66

Beans Maris Bead 25 April* 38

 

* 1st sowing destroyed by rooks 



Table 3. Treatment details.

 

Site crop Weed removal Crop GS Barley GS Harvest date

 

1. Peas T1 25 April 2-3 node 13,21-22 27 July

T2 23 May bud enclosed 31 27 July
Beans T1 25 April 2 node 13,21 15 August

T2 23 May 6 node 31 15 August

Peas T1 10 May 4 node 13,22 2 August

T2 2 June bud enclosed 31 2 August

Beans T1 23 May 2 node 13,21-22 26 August
T2 17 June 7-8 node 31 26 August

 

Weather summary

The spring was very wet with rainfall higher than the 20 year average for February

(136%), March (170%), and April (148%). There wasverylittle rain from 25 Mayuntil

24 July. June rainfall was only 30% of the 20 year average with higher than average

temperatures.

RESULTS

Although the experimental design was a full factorial, inspection of the data shows a

clear interaction between the use of fluazifop-P-buty and barley density making factorial

analysis inappropriate. Furthermore, because the factor of barley density forms an

ordered progression, use of multiple comparison procedures does not give the most

appropriate analysis for comparison of one barley density with another. Thus

interpretation should be based on the overall trends which are clearly apparentin the

graphical presentation of the results.

Table 4. Combining pea yields.

 

Weed control Target weed Yield- tha’ at 15%m.c.

density(pl m”) (% of treatment 1)

Site 1 Site 2

 

Untreated 4.19 (100) 3.31 (100)

- 4.03 (96) 3.14 (95)

3.64 (86) 2.97 (90)

3.32 (79) 2.83 (85)

2.68 (64) 2.59 (78)

2.44 (58) 2.10 (64)

Early removal 4.20 (100) 3.55 (107)

4.17 (99) 3.20 (97)

4.08 (98) 3.10 (94)

3.80 (91) 3.24 (99)

3.65 (87) 3.35 (101) 



 

Weedcontiol Target weed Yield- tha’ at 15% m.c.
density(p! m7) (% of treatment 1)

Site 1 Site 2

 

12. - 200 3.81 (91) 3.33 (101)

13. Late removal 0 4.09 (98) 3.50 (106)
14, 5 3.86 (92) 3.30 (100)
15. 20 3.48 (83) 3.16 (95)
16. 50 3.29 (79) 3.14 (95)
17. 2.71 (65) 2.78 (84)
18. 2.11 (50) 2.64 (80)

LSD (5%) 0.374 (8.93) 0.310 (9.35)

 

Figure 1. Effeci of weed population and timing of removal on the yield of combining peas

(mean of twotrials).
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The effect of weed competition in peas was greater on the short strawed cv. Solara than
on Grafila. The former suffered particularly acute drought stress during June and was
visibly wilted an occasions. In untreated plots in both trials weed papulations of 20 pl m

clearly reduced the yield of the peas. Early weed removal when the Peas wereat the 2-3

node stage preventedyield loss at site 2, but significant loss had already been caused by

this stage at site 1. There wassignificant yield gained by the later application at site 2 at

the higher weed populations over the untreated, but not at site 1.
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Table 5. Field bean yields.

 

Weedcontrol Target weed Yield- t ha’ at 15% m.c.
density(p! m7”) (% of treatment 1)

Site 1 Site 2

 

Untreated 4.45 (100)

- 4.12 (93)

- 3.64 (82)
- 3.46 (78)
- 2.93 (66)

2.19 (49)

Early removal 4.44 (100) 2.13 (101)

4.37 (98) 2.06 (98)
4.37 (98) 2.14 (102)

4.33 (97) 2.00 (95)
4.28 (96) 2.10 (100)
4.34 (97) 2.00 (95)

4.45 (100) 10 (100)

4.27 (96)
4.18 (94)
3.69 (83)
3.16 (71)

.97 (93)

.75 (83)

.47 (70)

.33 (63)

2.
4.45 (99) 2.10 (100)

1
1
1
1

LSD (5%) 0.387 (8.69) 0.292 (13.84)

 

Figure 2. Effect of weed population and timing of removal onthe yield of field beans

(mean of twotrials).
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The results from this work suggest that under some conditions field beans can be as
susceptible to weed competition as combining peas. Cereal volunteers at 5 pl m? gave a

significant reduction in yield at site 2. It should be remembered that this crop waslate

drilled, but would be representative of field situations where emergence was delayed or

redrilling occurred. Almostall the potential yield loss from weed competition was

recouped from herbicide applications at the 2-3 node stage whilst later application was

still worthwhile, although someyield loss occurred.

DISCUSSION

Although there was somevariability in the effect of both weed population and timing of

removal on the yield of the pea and bean crops examined, several conclusions are

suggested:

1. The yield of both combining peas andfield beans were strongly affected by grass

weed competition, sometimes by populations as low as 5 pl m?.

2. Herbicide applications for the removal of grass weeds were best madeatorjust

before the 2-3 node stage of both combining peas andfield beans.

3. It would seem that drought stress or susceptibility to drought stress exacerbated the

competitive effects of grass weeds. This is not in accord with the findings of Lutman et

al.(1994) or Babalola et a/. (1991) who found that grass weed competition increased

with greater rainfall. However, this dicotomy may simply be a result of the extreme
nature of the drought suffered by the peasat site 1 and thelate drilled beansat site 2.

Confidence in these conclusions would be increased by repeating the studyfor at least

one further year.

‘Fusilade’ is a Registered Trade Mark, the property of Zeneca Limited.
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USE OF A SIMPLE MECHANISTIC MODEL TO SIMULATE WEED AND CROP

GROWTH
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ABSTRACT

A simple mechanistic model has been developed to simulate individual plant

growth within monocultures. The modelallows for environmentalfactors and for

competition for these factors with neighbouring plants. The model parameters can

be determined easily by fitting the model to data from pure species stands. With

no further adjustment, the model gives good predictions of the growth of each of

the component species in mixed-species stands. The model will be used to

evaluate the effects of different weed control strategies on crop and weed growth

at different crop and weed densities, different relative seedling emergence times

and in different environments.

INTRODUCTION

The successoftailoring weeding strategies to crop weed control requirements depends upon

the ability to predict the competitive effect of weeds on crops under different environmental

conditions. Models to simulate competitive interactions between plants of different species

have been developed to quantify the amount of yield loss due to the presence of weeds

(Doyle, 1991). Most of the current models are static, empirical and deterministic (Cousens,

1985; Rejmaneker al., 1989; Roush eral., 1989). The predictive ability of these static models

can be weak (Martin et al., 1987), as they do not allow for the effect of different climatic

conditions on different species or for differences in emergence times andinitial plant sizes.

Cousens et al. (1987) and Kropff and Spitters (1991) allowed for these factors, but their

models were still static.

In this paper we demonstrate the ability of a dynamic modelto predict growth of weeds and

acrop. The model allows for the complex competitive growth interactions between crop and

weed. It is also mechanistically based, allowing for the effects of climatic conditions. These

relationships are simple compared with those in other mechanistic models, retaining the

advantage ofstatic models in having few parameters. For plants that are well fertilised and

irrigated, we assume growth is driven by temperature and light. The amount of light

intercepted by each plant is determined by the projected area of the shoot crown and the

within-crown leaf area index (lai). Plants within a stand are assumed to grow as though

isolated until canopy closure. Plant growth following canopy closure depends upon the

within-crown lai of the individual plants. If all plants have the same lai, then all will have

a lower relative growth rate (rgr) than if isolated, because their crowns cannot expand laterally

to their full potential. If, at canopy closure, some plants have a higher lai than others, then

the plants of higher lai will continue to grow as though isolated and expand their crowns

laterally at the expense of the plants of lesser lai. This inflates the lai of the plants with 



initially low lai. Consequently, as stand growth proceeds,the difference in lai between plants

diminishes. Whenthelai ofall plants are equal, then the rgr ofall plants becomesidentical

and no further disparity between plants in rgr develops, (Aikman & Benjamin, 1994). The

model can allow for different shoot canopy structures. Most simply, all plants could have a

uniform shoot height. Alternatively some plants may occupy an overstorey, and the others

would form an understorey. In each storey, there would be more space for lateral expansion

of the crowns,butthose in the understorey would suffer shading (Benjamin & Aikman, 1995).

MATERIALS AND METHODS

In experiments | - 4, one or moreof the species, carrot (cv. Marathon), mayweed (Matricaria

inodora) and speedwell (Veronica persica) were grown in monoculture. In experiment 5,

carrot was grown in mixed cultures a) with mayweed, and b) with speedwell.

Experiment |

Monocultures cf carrot, mayweed and speedwell were established on three occasions. Carrots

were sown on 23 May, 20 June and 26 July 1994. Mayweed and speedwell were established

in compostblocks and transplanted to the field on 22 June, 14 July and 31 August 1994. In

the field, the plants were 0.65 m apart in a triangular lattice layout. Between four and ten

plants were harvested on five to seven occasions about ten d apart. At harvest the following

were determined for each plant:- (i) the area of ground cover by the shoot crown,(ii) the area

of the smallest vertically projected circle to encompassall the leaves(iii) the total plantleaf

area, and (iv) total weight after drying at 80°C. The areas were determined by image analysis

of video captured onto a PC and processed using VISILOG.

Experiment 2

Carrot monocultures were grown in plots containing cells as in experiment 2, but cells were

either 0.05, 0.15 or 0.25 m wide. There were tworeplicates for each of two sowing dates (20-

21 May and 3-4 June 1991), and dry weights were determined from six plants in each single

age plot 35, 56, 77, 99 and 126

d

after the first sowing (Aikman & Benjamin, 1994),

Experiment 3

Two ages of mayweed seedlings were transplanted on 28 July 1992 to plots containing cells

either 0.05, 0.07, 0.10 or 0.14 m wide. There were three replicates of each treatment and dry

weights were determined on six guarded plants 15, 28, 42, 58 and 69 d after transplanting.

Single aged speedwell seedlings were transplanted on 19 August 1992 and harvested 14, 27,

40 and 54 d after transplanting. For this species, there was a single replicate of the spacings

used for mayweed andthree replicates of plots in which each alternate diagonal row ofcells

was left empty.

Experiment 4

The experiment was identical to experiment 3, except that speedwell was used andthe plants

were of the same ageat transplanting, on 24 May and 4 June 1993. Harvests were made 27, 



46, 62, 81 and 95 d after the second transplanting. Plants from the first transplanting became

senescent by 81 d, so the data for these plants at 81 and 95 d were excluded from model

fitting.

Experiment 5

In this experiment there were two treatments (i) carrots growing with mayweedand(ii) carrots

growing with speedwell. Each plot consisted of an array of cells, each cell being 0.07 m

wide. A single plant was grownin each cell. The carrots and the weed occupied alternate

diagonal rowsof cells, in a chequer board pattern. There were three replicates of each

treatment in a randomised block design.

Pre-germinated carrot seeds were sown in each designated cell on 6 June 1994. ‘Spare’

seedlings were used to replace any carrots that failed to establish within the plots. Mayweed

and speedwell were transplanted to their designated cells on 6 July 1994. Harvests were made

on 13 and 25 July, 8, 19 and 30 August, 13 September and 3 October. At each harvest six

guarded plants were lifted and the total plant weights determined for each species after drying

at 80°C.

RESULTS

Using the individual plant data from experiment1, the general relationships betweenleafarea,

s,, and plant dry weight (w) was found to be

Ss, = Fw® (1)

and that between projected crown zonearea, sz, and plant dry weight was

s, = Aw (2)

The values of F and 0, and of A and were determined by least squares linear regression of

log s, on log w, and of log sz on log w, respectively. The ratio of the two areas was used to

calculate the within-crown leaf area indices for any plant weight for each species. The

extinction coefficient for each species was estimated from the projected crown area, area of

ground coverandleaf areas for these isolated plants.

Having directly determined these parameter values, those relating to the conversion of light

energy to dry matter (dm) andthelinear relation between temperature and d.m. increase were

determined heuristically for each species byfitting to the weight data from experiments 3, 4

and 5. The agreement betweenfitted and observed weights were generally close in all three

species and the effects of density were well described (Figures 1, 2 and 3).

The model was then used to predict the weights for the mixed species stands in experiment

5. In this experiment, the stands consisted of 33 % ‘original’ carrots, 17 % transplanted carrots

and 50 % mayweedor speedwell. At canopy closure, as the plant zone areas fill the space,

we assume that the carrots and mayweed form a canopy of uniform height. Fixing the

allometric 



Figure 1. Fitted and observed weights ofcarrots in experiment2.
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Figure 2. Fitted and observed weights of mayweed in Expt3.
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Figure 4, Predicted and observed Figure 5. Predicted and observed
weights of carrots and mayweed weights of carrots and speedwell
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and growth parameters at the values determined for experiments 1, 2, 3 and 4 and using the

weights observedat the first harvest as starting values, the subsequent growth ofthecarrots,

and mayweedwaspredicted (Figure 4). The growth of the mayweed wasaccurately predicted,

whereas the growth ofthe ‘original’ carrots was underestimated and thatof the transplanted’

carrots was overestimated.

In the other combination, we assumedthat the carrots formed an overstorey and the speedwell

formed an understorey. This difference between mayweed and speedwell shoot canopies with

respect to the carrots was observed in the plant stands. The growth of the carrots was

accurately predicted, but the growth of the speedwell was overestimated (Figure 5). For

speedwell, the observed and predicted growth virtually ceased about 20 days after the first

harvest.

DISCUSSION

Wehave shownthata relatively simple dynamic mechanistically-based model, whenfitted to

monocrop data is able to predict the growth of both crop and weed in mixed species stands.

Estimates of the parameter values for individual weedspecies are difficult to obtain because

weeds, particularly speedwell, are difficult to establish reliably when grown in pure stands.

Moreaccurate predictions of growth in competition with carrots may be obtained whenusing

more extensive data sets for this species have been obtained.

The model can be used to explore the effects of different weed control protocols on crop

growth, allowing for different times of crop and weed seedling emergence, different crop and

weed densities and varying climatic conditions. For example, the timing and duration of the

‘critical period’ for weeding can be predicted. Figure 6 shows the simulated plant weight of

carrots after 125 d growth at 125 plants m? with mayweed at 656 plants m*. The solid line

showscarrot weight when mayweed wassimulated to emerge at the sametime as the carrots

and were removedat a given time after emergence. The dotted line showscarrot weight when

mayweed was not allowed to emerge until a given time after emergence. Under the above

conditions, the modelpredicts a critical period between 25 and 35 days after carrot emergence

during which the crop must be kept free of weeds to prevent yield loss. 



Figure 6. Critical period predicted by the competition model for carrot and mayweed
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The model can has the potential to allow growers to evaluate different weed control measures

under different cropping systems using estimates of likely weed populations from seed bank

data.
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ABSTRACT

Although field bean (Vicia faba L.) is becoming an increasingly popular crop

in the U.K.., relatively little research has been done on it’s response to weed

intereference. This is particulary true for the autumn-sown crop. Three

experiments were conducted to investigate the influence of autumn-sown

barley (Hordeum vulgare) and chickweed (Stellaria media), and spring-sown
oats (Avena sativa) and white mustard (Sinapis alba), on the yield of autumn-

sown field bean. Generally, field bean was resilient to weed interference and
maximum yield loss was only 33%. The level of yield loss and the relationship

between yield loss and weed density differed among weed species, and for

barley, between years. These differences were related to weed phenology and

weed dry weight. The results of these experiments suggest that significant

expenditure on weed control would rarely be warranted in this crop.

INTRODUCTION

From 1981 to 1992, the area devoted to field bean in the UK rose from 45,000 ha to

130,000 ha. Despite this increase in popularity, relatively little research has been

conducted on the effect of weed interference on the yield of field bean and in particular
the autumn-sown crop. Autumn-sown beans have been reported to be resilient to weed

competition (Knott, 1994) but this claim is relatively untested. Babalola and his

colleagues (1991a, 1991b) found that the presence of barley at 200 plants m” caused a

maximum yield loss of 50% in one experiment but only 23% in another. They also

found that wild oats (Avena fatua) and chickweed,at densities of 200 plants m” caused

yield losses of 18 and 23% respectively (Babalola et al., 1993). Cook et al. (1991)

reported no measurable yield loss on autumn-sown field bean, competing with a variety

of natural weed populations containing both grass and broad-leaved weed species.

From these experiments general conclusions cannot be drawn on weed competitiveness

in this crop and more work needs to be done.

The purpose of this project was to investigate the resilience of autumn-sown field bean

to interference from four weed species, barley (Hordeum vulgare),cultivated oats (Avena

sativa) and mustard (Sinapis alba) which are erect and, chickweed (Stellaria media)

whichis prostrate. Barley and chickweed were sown in autumn and oats and mustard
in spring, thus providing different competitive situations. 



MATERIALS AND METHODS

A preliminary experiment was conducted with cultivated oats in autumn-sown field bean

(cv. Punch) in 1991/92. Field bean was sown on 24 October, 1991 and the oats (cv.

Dula) were sown on 4 March, 1992. Subsequently, field experiments were conducted,

one each in 1992/93 and 1993/94. Forthe first of these, barley and chickweed were

sown at the same time as the beans (31 October, 1992) and in the second, barley was

sown at the same time as the beans (2 November, 1993) and mustard was sown on 23

February, 1994. For all experiments, weeds were sown randomly by hand at various

rates designed to provide four final densities for each weed species (five for oats).

Weed counts were done using 1 m® quadrats early in April of each year, to determine

actual seedling densities in each 2.5m X 10 m plot (Table 1).

Table 1. Target and mean actual weed densities (plants m7”).

Experiment Weed Target_Density Weed Target Density

1991/92 Oats 1040 120 240 480

5 17 80 137 263

1992/93 Barley 50 100 200 400 Chickweed 50 200 600 1200

12 29 75 191 14 31103 322

Barley 50 100 200 400 Mustard 50 100 200 400

7_31 77 172 13. 34 66 130

In the 1992/93 and the 1993/94 experiments 1 m’ quadrats were harvested, from each

plot, at three or four dates, respectively. Species were separated and dry weights

recorded. On the 10 September 1992, 1 September 1993 and 23 August 1994, the bean

plants were harvested from 2 m’ quadrats in each plot, threshed, and the seed cleaned,

collected and dried with yields adjusted to 15% moisture content. For the 1992/93 and

1993/94 experiments the number of bean plants m”, stems per plant and pods per stem

were counted, and 1000 seed weights determined.

Regression analysis was used to estimate the relationship between weed density and

bean yield, and yield components. Data were fitted to either a simple linear model; y

= a + 8D; where y = bean yield, a2 = weed free yield (y intercept), 8 = the slope of

the line, D= density of weed species, or a general rectangular hyperbola model; y =

A + B/(1 + CD); where y = bean yield, A = asymptotic yield, B and C are additional

parameters, I) = density of weed species. For each data set the model used was that

which accounted for the greatest percentage of the variance.

RESULTS AND DISCUSSION

In no case did the weed species cause a large yield loss in the autumn-sown beans

(Figure 1), maximum yield loss being only 33%. The level of yield loss was dependent

upon the weed species. Maximum yield loss due to oats interference was 33% at

densities of up to approximately 300 plants m*. For barley, it was 14% and 33% in

1993 and 1994, respectively, at densities of up to approximately 200 plants m”, and with 
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mustard it was 20% at densities up to 180 plants m*. There was, however, no
discernible relationship between bean yield and chickweed density (the grand mean

bean yield was 5.06t ha"). For barley, the shape of the yield response differed between

years. For the 1993 data a rectangular hyperbola appropriately described the response

while for the 1994 data a simple linear regression was more suitable (Figure 1). For

some data sets, (Figures 1 and 2) the percentage variance accounted for by the models

was low. This was due not only to the variability of the data but also to the shallowness

of some of the responses.
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Figure 1. Influence of oats, mustard and barley on the yield of autumn-sown field bean.

(a) oats, 1992, y=2.73+1.345/(1+0.0129D),% variance accounted for (%VAF)=0.23,

(b) mustard 1994, y=4.13+1.01/(1+0.11D), %VAF=0.29. (c) barley 1993,

y=4.56+0.72/(1+0.19D),%VAF =0.26,(d) barley 1994, y=5.19-0.0086D,%VAF =0.54,

Bean dry weight differed markedly from dry weight of barley, chickweed or mustard

both in terms of quantity and the rate of accumulation (Figure 2). Noting the

logarithmic scale in Figure 2, bean dry weight was always much greater than the weed 



dry weight, particularly that of mustard and chickweed. Judging by the steepness ofthe
lines in Figure 2 it appeared that in both 1993 and 1994 the dry weight accumulation

rate of field bean, from mid-May to mid-July, was greater than that of any of the weed
species. The rate of dry weight accumulation of braley and mustard decreased after
mid-May, while for chickweed it decreased in early June due to senescence.

The level of bean yield loss due to competition from the three weed species can be
related to their dry weights (Figure 2). Thus barley had the greater effect, followed by

mustard and then chickweed. This ranking could also be related to the rate of dry

weight accumulation where barley and mustard, continued to grow (and therefore

compete) intc summer, while chickweed began to senesce at a time when the beans

were still accumulating dry weight at a steep rate.
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Figure 2. Dry weight of field bean (Be), barley (Ba), chickweed (Cw) and mustard

(Mu), over time. Values are grand meansofall treatments.

The yield components influenced by weed interference, differed between weed species,

and between years for barley. In both 1993 and 1994, the presence of barley caused a

measurable decrease in the number of bean stems m”. In 1994, barley interference also
caused a decrease in numbers of bean seeds per pod. Similarly, mustard interference 
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resulted in fewer bean seeds per pod, but had no effect on the number of bean stems

m?. 1000 bean seed weight and numbers of pods per stem, were found to be

uninfluenced by weed interference. The effect of barley and mustard interference on

the number of bean seeds per pod is unusual since it is reported to be the moststable

yield component of field bean and is usually only affected by stress during critical

periods, such as full flower (Dantuma & Thompson, 1982). In 1994, the drought during

this period (late June and early July) coupled with the stress of weed interference, may

explain this result. The fact that the number of bean stems m” was influenced, in both

years, by the presence ofbarley, suggests that the effect of barley on autumn-sown bean

was concentrated early in the season. This coincides with the differences in relative dry

weight accumulation rate between beans and barley, noted earlier, where the rate for

barley begins to diminish before that for beans. Lutman & Dixon (1991) reported a

similar phenomenon with volunteer barley in autumn-sown oilseed rape where reduction

of barley growth rates, especially between May and early July, resulted in relatively little

rape seed yieldloss.
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Figure 3. Influence of barley density (D) on the number of bean stems m”, (a) 1993,

y= 34.7-0.017D, %VAF=0.18, (b) 1994, y=17.2+33.4/(1+0.01D), %VAF=0.41; and

the influence of (a) barley, y=3.15+1.53/(1+0.15D), 2VAF=0.69, and (b) mustard,

y=2.69+2.0/(1+0.03D, %VAF =0.81, on number of bean seeds pod”. 



It is surprising that greater yield losses were not achieved in these experiments. Barley

at densities of 200 plants m? has been shown to cause up to 50% yield reductions in

autumn-sown field bean (Babalola ef al.,1991) and chickweed, at similar densities was

reported to cause yield losses ranging between 2% and 71% in autumn-sown oilseed

rape (Bowerman ef al.,1994). As well, the presence of mustard, at 400 plants m”, has

been found to completely prevent seed yield in spring wheat (Lotz, personal

communication). A number of factors could have contributed to the lack of effect of

weed interference on field bean yield. The most important of these is likely to be

relative size of the crop to the weeds. Unusually cold and wet autumn weather at

Rothamsted in 1992 and 1993 seemed to slow the growth of both barley and chickweed

more than the beans, giving the beans a size advantage which continued in warmer

spring conditions. The beans would have also had a size advantage over oats and

mustard since both were spring-sown. It is probable that the difference in competitive

effect of chickweed on oilseed rape and autumn-sown beans is due to sowing date,

oilseed rape being planted in August/September when warmer and drier conditions

allow chickweed to develop a sizeable and competitive canopy before winter.

These experiments offer some evidence that yields in autumn-sown field bean are little

affected by the presence of appreciable infestations of weed species of different growth

patterns. This is especially true when the weeds emerge after the beans, or under
autumn weather conditions which favour the growth of the bean crop. These
conclusions need confirmation through further testing, but they do indicate that

significant expenditure on weed control in this crop will rarely be warranted.
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ABSTRACT

Experiments were conducted on swedesto investigate the effects of seed condition

on the sensitivity of germination and seedling growth to metazachlor. Low quality

seed was produced by ageingseedartificially at elevated temperature and moisture

content. Germination and early shoot growth were insensitive to high

concentrations of metazachlor, but root growth wasinhibited by concentrations as

low as 10-9 M. Ageing seed reduced therate andfinal percentage of germination,

but had no effect on the sensitivity of germination or root growth to metazachlor.

In pot experiments, sowing naturally-aged seed led to poor seedling establishment.

Application of metazachlor also reducedestablishment, but old and new seed were

affected equally.

INTRODUCTION

Metazachlor is widely used in Scotland for the control of a range of broad-leaved weeds in

Brassica crops, particularly oilseed rape, swedes and turnips.It is known to cause damageto

crops of oilseed rape under certain conditions. The most serious damage can occurif the

herbicide is applied as the seed is germinating (Stormonth & Woodroffe, 1982). For this

reason the label recommendation is that pre-emergence applications be made within 48 h of

sowing. In the case of winter oilseed rape metazachlor may also be applied early post-

emergence (Anon., 1994). However, slower seedling growth and distorted foliage have been

observed even when the herbicide is applied according to these timings (Lutman & Dixon,

1991, Bingham, unpublished results).

Cases of crop damage are not confined to oilseed rape. In recent years we have received

reports from farmers that fields of swedes treated with metazachlor have resulted in poorly

established or stunted crops. Many of these same farmers had either used old seed or

complained of poor seed quality. This raises the question as to whether seed deterioration

increases the susceptibility of swedes to herbicide damage. Pathways for the degradation of

metazachlor in dicotyledonous species are not well documented, but in the Gramuinae

conjugation to glutathione is a major route for metabolism of the chloroacetamide group of

herbicides (Lamoureux ef a/., 1991). Since ageing of seeds during storage can lower their

reduced-glutathione content (de Vos, 1994), seedlings emerging from deteriorated seed may

be less able to detoxify metazachlor. In this paper we report the results of a series of

laboratory and glasshouse experiments whoseobjective was to investigate the effects of seed

ageing on the tolerance of swede (Brassica napus) to metazachlor during germination and

early seedling growth. 



MATERIALS AND METHODS

Germination and growth experiments were conducted on swede seeds (cv. Doon Major)

supplied untreated by Sharpes International, Sleaford UK. Seed lots were agedartificially by

storing at 45°C and 20% moisture content for 36 h (Matthews & Powell, 1981). Control

seeds were unaged. After ageing, seeds were imbibed and germinated in Petri-dishes

containing germination paper (Papierfabriek Schut) soaked with 3.5 ml of metazachlor

solution at concentrations ranging from 10-2 to 10-9 M depending on the experiment. These

concentrations were achieved by serial dilution of metazachlor (‘Butisan S'; 500 g r! Sc;

BASFplc) in water. Replicate dishes of 25 seeds were coveredin polythene and placed in the

dark at 25 + 1©C . Dishes were inspected at 12 h intervals to assess germination and the

lengths of roots and shoots were measured to the nearest mm at the end ofthe experiment.

For experiments on seedling establishment, two seed lots (cv. Doon Major) were obtained

from a local merchant (N & F Allan, Aberdeen); one lot was new seed produced the same

season, the other was old seed that had been stored for 4 years. Both lots were supplied

coated with a gamma-HCH + thiram (‘'Hydraguard'’,; 615:230 g I! FS; Agrichem) and

iprodione (‘Rovral WP’ 500 g kg"! WP; RP Agriculture) polymer seed treatment. Seeds were

sown in 1.5 litre pots containing sandy loam soil. Prior to sowing, the soil was watered to

field capacity. Sixteen seeds were sown per pot to a depth of 15 mm and 24 h later

metazachlor was applied to half the pots using a small volume, hand-held mister which

delivered the herbicide in a fine spray at an equivalent rate cf 0.75 kg ai ha“! in 450 | har! of

water. The remaining pots received water. Pots were arranged in a randomized block design

in an unheated glasshouse. Water loss was monitored by weighing the pots daily and losses

replaced by watering the soil surface with the required volume. At the sametime, counts of

seedling emergence were made.

RESULTS

Germination was recordedasprotrusion ofthe radicle through the testa. For unagedseed lots

imbibed in water, germination commenced 24-36 h after imbibition (data not shown). The

final germination after 96 h was 98% and ofthose seeds capable of germination, 50% did so

within 32 h (Table 1). Time to 50% germination is a measureofthe rate of germination. Thus

on thebasis ofits high rate and final percentage germination, this seed lot can be regarded as

being of high vigour. Incubation in metazachlor had no effect on any of these germination

parameters up to a concentration of 10-3 M. At 10-2 M the rate and final percentage

germination was reduced marginally (Table 1). Similarly, metazachlor had no appreciable

effect on the emergence ofcotyledons from the testa up to 10-3 M, but at 10-2 M therate of

emergence was decreasedandthe final percentage emergence reducedby nearly a half.

Insensitivity to metazachlor was also observed in measurements of shoot extension. Shoot

length 96 h after imbibition was reduced significantly (P<0.05) only at concentrationsgreater

than 10-3 M (Fig. 1). In contrast, root extension was extremely sensitive to the herbicide,

with a 76% reductionin root length occurring at concentrations of 10-7 M. 



7C-11

Table 1. Effects of metazachlor on germination (radicle protrusion) and emergence of the

cotyledon from unaged seed 96 h after imbibition. Values are means of two replicates of 25

seeds + SE.

 

Germination Cotyledon emergence

Conc.(M) Time to 50% Final germination Time to 50% Final emergence

germ. (h) (%) emerg. (h) (%)

0 32+ 0.4 98 + 1.4 66+ 1.1 98+ 1.4

10-7 31+0.2 98 + 1.4 68 + 1.5 98+ 1.4

10-6 32+ 0.4 100+0 70+ 1.0 94+1.4

10-5 32+0.8 98+ 1.4 70+1.0 94+1.4
10-4 33 +0.8 98 +2.8 7T1+1.5 96 +2.8
10-3 33 +0.8 98+1.4 72+1.6 92 +0
10-2 36+0.2 96+0 88 + 1.4 54+1.4
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Figure 1. Effects of metazachlor on the length of roots and shoots measured 96 h after

imbibition . Values are means of 75 plants. LSD bars are for herbicide concentration P=0.05.

Artificial ageing of seed reducedthe final germination by 12% and the rate of germination by

nearly a half (Table 2). Similarly, the rate and final percentage of cotyledon emergence was

also reduced (data not shown). However, ageing appeared to have no effect on the sensitivity

of germination to metazachlorat concentrationsofless than 10-3 M (Table2).

The lower range of concentrations used in these later experiments allowed a more complete

analysis of the dose-responserelationship of metazachlor and root growth to be conducted.

(Fig. 2a). Here root length was measured 168 after imbibition. Fig. 2a illustrates that some

inhibition of root extension occurred at concentrations as low as 10-° M. ECso values 



Table 2. Effects ofmetazachlor and seed ageing on germination (radicle protrusion) measured

168 h after imbibition. Values are means ofthree replicates of 25 seeds + SE.

 

Unaged Aged

Cone.(M) Time to 50% Final germ. (%) Time to 50% Final germ. (%)

germ. (h) germ. (h)

0 34+0.4 100 +0 59+0.7 88 + 4.0

10-9 31+0.1 100 +0 56+ 0.6 92+4.1

10-8 31+0.7 99+1.9 56+0.5 87 + 3.3

10-7 32+0.3 97+ 1.9 58+ 1.7 92+ 1.9

1076 33 + 0.7 97+ 1.9 61+ 1.4 88 + 4.6

36+ 1.3 96 + 3.3 58+0.9 88+ 4.1

36+1.8 100 +0 $8+1.1 91+3.5

39 +0.3 100 + 0 60+ 0.8 89+ 4.1
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Figure 2. Effects of metazachlor on a) root length and b) shoot length of aged and unaged

seed 168 h after imbibition. Values are means of 75 plants. SE omitted forclarity.

(concentration required to give 50% of maximum inhibition) were derived from sigmoidal

dose-response curvesfitted to the data. Seed ageing had nosignificant effect on the sensitivity

of root growth to metazachlor, with the ECs, for aged seed being almost identical to that of

unaged(1.17 x 1078 M and 1.53 x 10-8 M respectively).

The length of the shoot 168 h after imbibition is shown in Fig. 2b. With the exception of lots

imbibed in deicnised water, the response of aged and unaged seed to metazachlor was

comparable with some reduction in length occurring at concentrations of 10-8 or 10-7 M.

Interpretation of these curvesis difficult because ofthe rather surprising increase in length of

shoots from aged seed compared to unaged in the absence of herbicide. If this represents a

real increase, then it would appear from Fig. 2b that ageing increased the sensitivity of shoot 
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growth to metazachlor. However,ifthe value is uncharacteristic of the population as a whole,

then, since the remainder ofthe curve is comparable for aged and unaged seed, there may be

little or no changein sensitivity.

When sown in soil, old seed that had aged naturally produced seedlings which emerged at a

slower rate and resulted in a poorer final establishment than new seedlots (Fig. 3). In each

case, application of metazachlor at rates equivalent to the recommendedfield rate reduced the

final percentage seedling emergence. Analysis of variance on the final sample data indicated

that the effects of seed lot and herbicide application were significant at PS0.05, but there was

no significant interaction between the two. Thus, metazachlor reduced establishment from

both new andold seed lots equally.

75

—- New- herb.

—o- New + herb.

25 —#- Old - herb.

—@ Old + herb.

50

E
m
e
r
g
e
n
c
e
,
%

o 7 3 3 75 67 8 9 1011

Time from sowng, days

Figure 3. Effects of seed age on the emergence of seedlings from the soil with and without

application of metazachlor. Values are meansofeight replicate pots, each with 16 seeds.

DISCUSSION

Germination of swede seed is remarkably insensitive to metazachlor. Concentrations greater

than 10-3 M were required to reduce the rate and extent of germination (Table 1). It is

extremely unlikely that seed in the soil would ever experience concentrations of this

magnitude. At recommended rates of application the concentration in the spray tank would

range from 6 x 1073 to 1.2 x 10°? M ai. After further dilution by soil water and adsorption

onto organic matter, concentrationsin soil solution would be considerably lower. In contrast,

post-germination root growth is extremely sensitive to metazachlor (Fig. 2a). These results

suggest that tolerance of swede to metazachlor in the field results largely from depth-

protection of the roots and that, unlike other species such as soyabean and maize (Lamoureux

et al., 1991), the contribution from metabolism of the herbicide may be minimal, at least at

this early growth stage. Theresults are consistent with the herbicide label recommendation to

avoid application to Brassica crops during germination (Anon., 1994) as this is a time when

the primary root may comeinto contact with concentrated herbicide prior to its dispersal by

soil water.

Up to 96 h after imbibition when shoots were in contact with the herbicide, there was no

inhibition of shoot growth by concentrations less than 10-3 M, which suggests that there may

have beenlittle direct uptake by shoot tissue, as reported for other species (Stormonth &

Woodroffe. 1982). Between 96 and 168 h after imbibition, shoots had grown away from the

917 



germination paper and were no longer in direct contact with the herbicide. The apparent

increase in sensitivity of shoot growth to herbicide over this time (cf. Fig. | & Fig. 2b)

probably results from a slow translocation of metazachlor from the roots and a gradual

accumulation in the shoot during this period.

One of the primary objectives of crop husbandry is the rapid and uniform establishment of

crops. Poor establishmentcan lead to greater susceptibility to pests and diseases and, in some

types of crop, irregular sized produce and lower final yield (Matthews & Powell, 1986).

Thus. any factor that reduces or delays establishment is undesirable. In the present work, both

low seed quality and metazachlorapplication reduced establishment (Fig. 3), but appeared to

operate in different ways. Ageing (naturalorartificial) of seed during storage can reduce the

rate and final percentage seedling establishment through its effects on germination and early

post-germination mortality (Matthews & Powell, 1986). There was no effect of ageing on

root extension in swede under laboratory germination conditions (Fig. 2a). In contrast,

metazachlor must have reduced establishment through its effects on root growth since

germination and early shoot growth wereinsensitive to the herbicide. Although there was no

evidence of any significant influence of seed ageing on the inherent tolerance of swede to

metazachlor (Table 2, Fig.2), our results suggest that where metazachlor is used in

conjunction with poor quality seed, their independent effects could combine to produce an

unacceptablelevel of crop establishment.
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AN ECONOMIC COMPARISON OF CHEMICAL AND LOWER-CHEMICAL

INPUT TECHNIQUES FOR WEED CONTROLIN VEGETABLES.
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ABSTRACT

Since 1990, we have organized a Demonstration Farm, which has made an

economic comparison of three minifarm systems of vegetable and small

fruit production: (i) conventional chemical, weed, pest, and disease

control, with chemical fertility input, system; (ii) integrated lower chemical

input system; (iii) organic system with no chemical inputs. Interactions

betweeninputs, e.g. the effects of weed incidence on level of disease and

arthropod pest attack are also recorded.

This paper reports an economic comparison of: (i) recommended rates of

herbicide use (bensulide, naptalam, trifluralin, and paraquat dichloride) with

two alternative methods of non-chemical weedcontrol in tomatoes, peppers,

and cucumbers. These are: (ii) use of a cut/blown mulch method of weed

control, and (iii) maintaining weeds belowthreshold levels by minimal

cultivation. All chemical. labour, and other inputs were recorded to enable

the economic performanceofthe three systems to be assessed and reported.

The mulch system performed best with peppers and tomatoes, there was
little difference between the herbicide and threshold cultivation systems.

INTRODUCTION

There is an increasing need for methods of weed control that require lower inputs of

herbicides, because these chemicals are relatively expensive, can have environmental side

effects on other organisms (Edwards. 1993) and often move into ground water, (Edwards et

al., 1992). Manybiological and cultural methods of weed control have been tested, and

adopted in recent years, as complements to chemical control. Of these techniques,

cultivations have long beena traditional method of weedcontrol (Edwards and Regnier; 1989)

and are nowbeing used increasingly to minimize herbicide use. The use ofliving or chopped

plant mulches for weed control, has had considerable success in recent years (Madden, 1995).
Progressively, the principle of using competitive weed thresholds. in order to assess the

number andtiming of herbicide application or cultivations, has become increasingly widely-

adopted (Oliver, 1988). Such practices have become important components of integrated

weed management, as complements to herbicides, in recent years (Gogerty, 1995).

However, although there have been manystudies of chemical and non-chemical methods of

weed control, and a progressive adoptionof these practices into integrated weed management

programs, there have been relatively few detailed economic comparisons between

conventional and integrated lower chemical input weed management systems. An exception 



to this was a study by Lybeckeret al.(1988) who made comparisonsof the economic

performanceof four weed managementsystemsin a corn, bean, and sugarbeet rotation. They

concluded that the intensive use of herbicides, had a much lowerrisk efficiency than the

lower chemical input systems they tested. Temple et al. (1994) compared low-input and

organic farming systems, emphasizing weed management, in processing tomatoes, safflower,

corn and beans. with tomatoes as the main cash crop. Their results were very variable, but

indicated that the lower input systems performed much better after a suitable transition

period. lLanini and Le Strange (1991) studied the low-input management of weeds in

vegetable fields, including bell peppers and cucumbers, and emphasized the importance of

timeliness in weed control by cultivations.

The project described here was part of the program of a university/state government

Demonstration Farm which compared the overall economic performance of conventional

chemical input, integrated lower chemical input and organic systems of production ofarable,

fruit and vegetable crops, from 1990to date. Such detailed economic studies are rare; the

first began in 1978 in Germany(El Titi and Landes, 1988) andis still continuing. There are

not many other projects, that address in detail, the economic issues of weed managementin

the context of farming systems.

MATERIALS AND METHODS

This project was part of a larger experiment in 1994 which used a replicated, Latin square

design to comparethe effects of various weed control methods and fertility inputs on insect

populations and disease incidence. In this paper, we discuss the effects of four weed control

strategies on the overall economic performance of processing tomatoes (Lycopersicon

eculentum), cucumbers (Cucumis sativus) and peppers (Capsicum annuum).

Plots measured 4.5m x 4.5m with four replicates per treatment. Raised beds were used in

production of all three crops. Tomatoes and peppers were planted in rows with 37 cm row

spacings, and cucumbers were seeded. and thinned subsequently to one plant every 0.9 m,

with a 1.5 m bed spacing.

Fertilizer applications were based onspring soil test results, with fertility applied broadcast

in a split application, with the remaining nitrogen sidedressed at flowering. Noinsecticides

or fungicides were applied, since insect and disease populations that resulted from fertility

or weed control treatments were studied in the larger context of this experiment.

Treatments

1. Control - The control plots function as a check; no weed control measures were used in

these plots.

2. Herbicide-treated - Pre-plant herbicides were applied as follows: tomatoes (trifluralin, 0.9

kg a.i./ha), cucumbers (naptalam 2.4 kg a.1./na and bensulide 7.2 kg a.i./ha), peppers

(trifluralin, 0.9 kg a.i./ha). Paraquat dichloride(0.56 kg ai/ha) was applied for post-emergent

control inall plots. All sprays were applied using a Durand Wayland W100 boom sprayer

at 3.1x10° Pa with Tee Jet 8002 flat tan spray tips giving 280 I/ha. 
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3. Mulch treatment - These plots were treated with a cut ryegrass mulch; the mulch was

sownthe preceding fall, cut with a forage blower and raked from a wagon onto the mulch

plots and spread betweeen the plants rows. The mulch wasinitially applied at a thickness of

15cm (and reapplied as required through the season) to maintain 100% soil cover.

4. Threshold Cultivation treatment - The threshold cultivation plots were maintained by

cultivating all weeds, within 20cm of each plant, whenever a threshold treatment level of

weed populations had been reached. Threshold levels were assessed visually and varied with

the weed species present and the stage of growth ofthe crop, i.e. O-1 highly competitive

weeds e.g. Canadian Thistle (Cirsium urvense) were tolerated per row early in the season and

3-4 later in the season. Although hand-hoeing wasused to avoid disturbing pest entrapment

apparatus, a custombuilt tool bar fitted with Bezzerides Bros. (Orosi, CA, USA) small crop

cultivation tools was used to develop accurate production-scale cultivation costs; this

cultivator was used several times to check that it was equally as effective as hand-hoeing.

Economic Analyses

Whole plots were harvested, graded and weighed to obtain marketable yields. The economic

analysis of this experiment was based on a comprehensive list of fixed and variable costs.

Variable costs, including costs of fertilizers, seed, transplants, pesticides (where applicable),

interest on operating capital and hoeing labour, were recorded. Fixed costs associated with

mulch production, spraying, seedbed preparation, planting/transplanting, cultivation, land

rental, management, general maintenance and irrigation were estimated from current and

previous farm records and production budgets, to determine the most appropriate costing for

each implement or activity. Labour was calculated on the basis of a $6.50 hourly wage;

labour involved in harvesting and marketing was calculated asa flat-rate commission based

on crop yield.

Operating costs associated with equipment were added in on a "per use” basis.All equipment

and other durable items were depreciated over reasonable life expectancies. The cost of

equipment used was based on a farmsize of 32 ha. The market value of the crops and yield

data were usedto calculate returns on investment; market values were estimated from Ohio

state averages based on budgets prepared by Ohio State University Farm Management

Extension. When compared with other economic comparisons, some variation in values

placed on equipment, labor and market value must be expected. All values were entered on

to QuattroPro (ver. 5.0) spreadsheet software. Fixed and variable costs were summed and

subtracted from receipts to yield a profit or loss for each treatment. Graphs were derived

from these data.

RESULTS

The costs, returns and profit (losses) are summarized for tomatoes in Figure 1, for peppers

in Figure 2 and for cucumbers in Figure 3. The yields obtained for each of the crops studied

are given in Table 1. The yields for cucumber were abnormally low due to the lack of control

of cucumber beetles who transmit the vascular wilt virus. 



Figure 1. Comparison ofcosts, returns and profits for tomatoes: control (CONTRL),

herbicide-treated (HERB),mulch-treated (MULCH)and threshold cultivations(THRESH).
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Figure 2. Comparison of costs, returns and profit for peppers: control (CONTRL),

herbicide-treated (HERB), mulch-treated (MULCH)andthreshold cultivations (THRESH).
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Figure 3. Comparison of costs, returns and profits for cucumbers: control (CONTRL),

herbicide-treated (HERB), mulch-treated (MULCH)andthreshold cultivations (THRESH).
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Table 4. Comparison of yields for cucumbers, peppers and tomatoes by treatment

 

CUCUMBER(T/ha) PEPPER(bu/ha) |TOMATO(T/ha)
CNTRL 0.0 12.7 0.0
HERB 2.6 219.1 15.1
MULCH 3.4 380.9 22.1
THRESH 3.0 210.5 15.3

DISCUSSION

The experiment on which this economic study was based used various weed control

strategies. Monitoring economic and pest (weed, insect, disease) parameters provides the

opportunity for a truly integrated study of the economicsofalternative farming systems.

For weed managementtreatments. an evaluation of inputs and returns on investment can

help to clarify their relative benefits to farmers. When linked with data on pest and disease

incidence, the merits of each weed control treatment can be assessed further to indicate

whether the most economically sound treatment may also provide even greater side

benefits in pest and disease control. For example, a mulch system of weed control

enhances pest predatoractivity andretains soil moisture.

The overall economic performance of the three vegetables in 1994 differed greatly;

peppers were mostprofitable, followed by tomatoes; cucumbersresulted in a financial loss

for all treatments. The untreated plots (CNTRL) resulted in financial losses forall three

vegetables. The most expensive weed management systemforall three vegetables, was 



the use of mulch, followed by herbicide use, with threshold cultivation costing least.

However, whenfinancial returns were also considered, the mulch system proved to be the

most profitable for peppers and tomatoes. Newer technologies in mulch production and

use may decrease costs per acre and encourage adoption in larger operations that depend

on economy-of-scale operating budgets. There waslittle difference in profitability between

the herbicide and threshold treatments. No conclusions were made on cucumberssinceall

three treatments cost more than the financial returns for the crops in the 1994 season.

The data presented demonstrate the need for financial analyses in choosing the best weed

managementstrategy. The lack of published data to enable such choices to be made means

more economically-based, integrated studies on farming systems management are needed.
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AN ECONOMIC ASSESSMENT OF MULCHESIN FIELD SCALE VEGETABLE

CROPS

S R RUNHAM,S J TOWN
ADASArthur Rickwood, Mepal, Ely, Cambs CB6 2BA

ABSTRACT

Herbicide availability is increasingly limited in many vegetable crops, with a

continual tightening of restrictions on usage. There is interest from the industry

in alternative methods of weed control such as the use of mulches(plastic, paper

and straw). Mulches could become adopted more widely as a part of an

"Integrated Crop Management System" encouraged by some buyers of

horticultural produce. Recent MAFF-funded research and private research has

shown that mulchescan bevery effective at suppressing weeds without reducing

crop vigour by chemical damage. Mulches incur extra costs either for the

material itself or for their application which can be partially recouped in high

value vegetables but a premium for the produce maybe required.

INTRODUCTION

The past fifteen years has seen an increase in the area of plastic covers and mulches used for

the production of horticultural crops. There is a wide range of materials used for mulching

such as plastic, paper and straw (Bradley, 1992). Other materials such as living plants,

including grass strips, and plant debris other than straw have been evaluated particularly in

organic systems of crop production (Millington et a/., 1990; Marks, 1993). Mulches may be

used for soil moisture conservation, to prevent soil erosion, for crop cleanliness, for soil

warming to advancecrop earliness and for weed control. This latter role is the focus ofthis

paper although the economicviability of using mulches is affected byall of these potential

benefits.

As the costs of developing novel herbicide products increase, or re-registration is not sought

for older products, the range of herbicides available to the vegetable grower will diminish

(Davies ef al, 1993). There is interest in developing systems of food crop production which

require little or no herbicides to complement integrated pest management systems of

production; these aim to reduce agrochemicaluse by giving priority to non-chemical methods

of pest and disease control. This paper describes a series of experiments carried out in 1991-

1994 as part of a research programme on the use of mulches in ‘reduced input’ systems of

vegetable production. The mulches were evaluated on high value vegetables, worth up to

£10,000/ha, which are more likely to justify the extra cost of a mulch. These data are

discussed in relation to the economic viability of using different types of mulch on a range of

vegetable crops. 



MATERIALS AND METHODS

The experiments were done at ADAS Arthur Rickwoodona loamypeat soil with 35% organic

matter content. Chinese cabbage was grown in 1991 to 1993 and calabrese in 1994.

Trial A. Chinese cabbage in 1991 to 1993

Seeds of chinese cabbage cv. Kasumi were sown into cellular plastic trays on 11 June 1991, 4

June 1992 or 9 June 1993 and were transplanted by hand on 8 July 1991, 3 July 1992 or 30

July 1993 into 1.7 m (1991 and 1992) or 1.8 m (1993) wide beds (approximately 1.3 m inside

tractor wheelings) with four rows at 30 cm apart. All plots had 18 plants along the row.

A range of weedcontrol treatments wasapplied as follows:

(i) Unweeded (1992 and 1993),

(ii) Hand-weeded,

(iii)

|

Standard herbicide regime consisting of two sprays on separate days (one only in 1993)

of paraquat (Gramoxone 100, 200 g/l, ICI) at 600 g a.i./ha on 4 July 1991 or 24 June

1992 and propachlor (Ramrod Flo, 480 g/l, Monsanto) at 6.24 kg a.i/ha on 15 July

1991, 10 July 1992 or 23 August 1993,

(iv) Black polythene (38 micron),

(v) Black non-wovenfilm (Agryl PSO weighing 50 g/m’),

(vi)

|

Paper (Hortopaper in 1992 and a creped paper from Patria Paper Co, Austria, in 1993),

(vii) Straw (10 cm depth) in 1992 only.

The crops were harvested when mature, with a firm head weighing over 600 g, from 19-30

Augustin 1991, 17-30 August in 1992 and 3-8 September in 1993. The data are presented as

means of two in-row spacings (30 and 40cm), giving 8 (7 in 1993)or 6 plants/m?.

Trial B. Calabrese in 1994

Seeds of calabrese cv. Greenbelt were sown into cellular plastic trays on 11 July 1994 and

transplanted by hand on 8 August 1994 with three rowsper 1.8 m bed at 50 cm, with 46 cm

within the row (4 plants/m2). The weed control treatments comprised:

(i) Unweeded,

(ii) Hand-weeded,

(iii)

|

Standard herbicide regime which was propachlor (Ramrod Flo, 480 g/l, Monsanto) at

6 24 kg a.i/na on 15 August 1994 and aziprotryne (Brasoran, 500 g/l, Ciba Agric) at

2.25 kg ai./ha on 23 August 1994,

(iv)

|

Paper mulch (novel product, not commercially available).

Calabrese crowns (>100mmin diameter) were harvested on 21 and 28 November 1994.

All of the herbicides were applied in 250 I/ha water using an Oxford Precision sprayer with

F11002 nozzles and operated at 200 kPapressure.All trial designs were randomizedblocks 
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with three replicates for Trial A and six for Trial B. The percentage of the whole plot covered

by weeds was recorded on two occasions for all trials. In addition, Trial B had two

assessments of weed population based on the whole plot. Crop vigour (0-10, where 0 = dead

and 10 = healthy) was recorded oncein Trial A in 1992 and 1993 and twicein Trial B in 1994.

RESULTS

Trial A. Chinese Cabbage 1991-1993

All mulches, except the black non-wovenfilm suppressed weeds, to a greater (P<0.05) extent

than the herbicide regime in 1991 and 1992 (Table 1). In 1993, there were fewer weeds

remaining after herbicide treatment, and the black polythene and paper mulches gave similar

results. Early crop development (23 days after planting) was more rapid on hand-weeded plots

in 1991 compared with other treatments (Table 2). Black non-woven film reduced (P<0.05)

early crop development in 1991. The effect was not repeated in 1992 and 1993 even though

there were fairly high levels of weeds beneaththe film in all seasons. Black polythene reduced

(P<0.05) early crop development in 1991 and 1992 but it did not seem to affect crop growth in

1993. Straw reduced (P<0.01) crop vigour in 1992. The number of marketable plants was

reduced greatly by weed competition in 1992, but in 1993 the Chinese cabbage competed well

with the weeds present (Table 2). All mulch treatments, except the black non-wovenfilm in

1991, gave similar numbers of marketable plants to the standard herbicide regime.

Table 1. Effect ofweed control treatment on % ofground covered by weedsin chinese

cabbage (Data angularly transformed)

 

% ground covered by weeds

Weed Control Treatment 1992

Daysafter planting

38 47 23

 

Unweeded 76.3 79.2

Hand-weeded 0.2 1.7

Herbicide , . 20.8 14.5

Black polythene 0.8 0.5

Black non-wovenfilm

abovefilm # 0 0.5

below film - -

Paper 0.3 0.2

Straw 2.0 48

d.f. 18 18 30 30 26

S.E.D. 1.08 2.17 4.02 1.56

 

# excluded from the analysis 



Table 2. Effect of weed control treatment on chinese cabbage development and number(%) of

marketable plants at harvest, weighing at least 600 g per head.

(Data angularly transformed)

 

Weed Control Treatment Crop Cover% Crop VigourScore % Marketable plants #

1991 1991 1992 1993 1991 1992 1993

Daysafter planting

23 38 38 34

 

Unweeded - 7.0 719 - 18.2

Hand-weeded . 74.6 8.3 8.0 46.2 $31.2.

Herbicide 774 7.8 8.2 40.6 52.9

Black polythene 76.6 6.8 7.1 36.7 57.9

Black non-wovenfilm 56.8 8.7 7.8 28.7 49.0

Paper - 78 8.1 - 53.6

Straw - 4.3 - - 50.7

df. 18 18 30 26 18 30

S.E.D. 2.54 474 0.52 0.19 5.45 5.63 3.46

 

# From a total number of 216 plants per treatment

Trial B. Calabrese in 1994

The weeds competed vigorously with calabrese and grew above the crop, almost completely

covering the unweededplots (Table 3). Weeds reduced (P<0.001) the percentage of

marketable plants and returns ofthe calabrese compared with hand-weeded (Table 4).

Herbicides reduced (P<0.001) the calabrese vigour and percentage of marketable plants and, in

this season, greatly reduced the financial return of the crop. This also occurredin Iceberg

lettuce in 1994 (the data are notpresented).

Table 3. Effect of mulch on weed control in calabrese in 1994

 

Weed Control Weed Cover Weeds/m?

Treatment %
2 Nov 2 Nov

 

Unweeded 95.5 129

Hand-weeded 5.3 56

Herbicide 18.3 39

Paper mulch 4.7 18

df. 15

S.E.D. 12.3
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Table 4. Effect of mulch on crop vigour, yield and value of calabrese in 1994

 

WeedControl Crop Vigour Score % Marketable Mean head £/ha

Treatment plants weight(g) crop

5 Sept 2Nov value

 

Unweeded 6.7 6.5 35.0 176 1597

Hand-weeded 73 77 53.3 229 3147

Herbicide 3.2 5.8 28.3 128 939

Paper mulch 6.3 8.3 62.2 203 3274

df. 15 15 15 15

S.E.D. 0.53 0.78 9.07 28.9

 

DISCUSSION

The results described here show that there is no economic benefit from using a mulch for the

production of chinese cabbage in late summer unless a premium is paid for its production

without herbicides in an integrated crop management system or organic production.

Table 5. Cost of weed controlin field scale transplanted vegetables *

 

Vegetable Weed Average Weedcontrol Weedcontrol as % of

control pricereturns cost(p) per kg of average returns

£/ha to grower crop'+?
per per kg of without with plastic without with plastic

crop'+? _crop(p)? mulch mulch mulch mulch

 

Beans 77 0.54 0.4 2.3 1.7 10.9

(runner)

Cabbage 53 14.7 1.1 1.2 0.1 8.2

Chinese 207 38.0 0.5 1.4 1.6 3.6

cabbage

Calabrese 207 65.0 1.9 4.6 45 10.8

Cauliflower 50 30.0 0.3 3.3 1.1 9.7

Celery 29] 17.4 0.3 0.5 1.7 2.9

Courgettes 228 54.0 0.9 2.0 1.7 3.7

Leeks 270 47.0 1.1 2.0 2.3 43

Lettuce 303 40.8 1.4 2.2 3.4 5.4

Onions 331 12.0 0.7 1.1 5.8 9.2

Sweetcorn 47 50.0 0.5 5.0 1.0 10.0

 

* Sources 1 ADASGross margin budgets, 1994 (unpublished data), 2 Nix, (1994). 



In these experiments, good weed control was achieved by a combination of pre-planting

paraquatand post-planting propachlor,bothrelatively inexpensive and safe to chinese cabbage.

Black polythene and paper were the most appropriate mulches for this crop. Straw, spread as

a loose mulch, hindered growth of this short-stemmed plant: a straw ‘mat’ may be more

appropriate. Black non-wovenfilm was notsufficiently opaque to suppress the weeds. In the

calabrese experiment, herbicides reduced crop vigourcausing a large reduction in gross output.

Herbicide scorch often causes a check to young brassica plant development in commercial

crops, but the potential loss of yield may notberealised.

The paper mulch tested proved worthwhile economically in this experiment. An advantage of

using a paper (or straw) mulchis that the material does not incur recovery and disposal costs,

but can be incorporated into the soil after use. In some vegetables, the cost of weed control

using polythene mulchesis unacceptably high given current average prices to the grower. On

some soils such as stony types, mulches may not be appropriate due to difficulties with

mechanical laying or tearing.

The extra cost of using a plastic (black polythene) mulch compared with using a herbicide and

supplementary hoeing as ‘total weed control’ is shown for a range of vegetables in Table 5. In

some cropstherelatively high returns mayeasily justify the extra cost of polythene mulch. For

other, lower unit value vegetables, alternative types of mulch may be considered, for example,

paper mulches.
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ABSTRACT

Studies were initiated in Wyoming, USA to determine the potential of grass

competition as an alternative to repetitive herbicide treatment for control of leafy

spurge (Euphorbia esula) and Russian knapweed (Centaurea repens). An experiment

was established to evaluate the effects grass species on leafy spurge. Russian wildrye

cv. Bozoisky (Psathyrostachys juncea) and pubescent wheatgrass cv. Luna

(Agropyron intermedium var. trichophorum) maintained 89 to 99% leafy spurge

control four years after establishment. Studies were also started to determine the

effects of five grass species on Russian knapweed. Applications of clopyralid plus

2,4-D and picloram, applied to Russian knapweed during thefirst frost, reduced

Russian knapweed from an average of44% in untreated unseededplots to 10 to 12%

live canopy coverin treated plots. Grass cover increased from an average of 6% in

untreated seeded plots to 22 to 23% in plots treated with clopyralid plus 2,4-D and

picloram.

INTRODUCTION

Leafy spurge and Russian knapweed are difficult to control perennials found throughout the

western United States. They compete with desirable forage and are of no valueto cattle producers.

Picloram has provedto be the most reliable and effective herbicide for control of leafy spurge with

a single application (Vore and Alley, 1982). However, control can be maintained for only three

to five years. After this time a retreatment program must be implemented to maintain adequate

leafy spurge control. Control is adequate when leafy spurge is suppressedto a level wherecattle

will be able to effectively utilize desirable forage growing in competition with leafy spurge. Hein

(1988) found leafy spurge canopy cover exerted the greatest influence on grazing behavior and

forage utilization by cattle. Leafy spurge canopy cover of 10% orless and shoot control of 90%

or more were necessary to achieve 50% forage utilization by cattle in Montana (Hein, 1988). In

North Dakota, leafy spurge infestations were avoided until early fall when the milky latex in the

spurge subsided (Lym and Kirby, 1987). Cattle only used 2 percent ofthe available forage in leafy

spurge densities of less than 20% cover. 



Although herbicides play an importantpart in the control ofleafy spurge and Russian knapweed

alternative methods are available and may be used wherepersistent herbicides cannotbe tolerated.

Onesuch methodis plant competition. Grass competition has long been recognized as a method

of weed control. Crested wheatgrass has been used successfully in Saskatchewan, Canada to

decrease the rate of vegetative spread, limit density, reduce seed production and suppress top

growth ofleafy spurge (Selleck, 1959). Leafy spurge growth may also be suppressed by planting

an early emerging crop such as crested wheatgrass,that will compete with it for early soil moisture

(Morrow, 1979).

Russian knapweed is highly competitive on disturbed sites and severely reduces land values.

Russian knapweedis also allelopathic. Therefore, areas mustbetilled before newly established

grass seedlings can survive. Withouttillage grass seedlings can survive only after Russian

knapweed residues have been exposed to moisture for two growing seasons.

Grasses selected for these studies were pubescent wheatgrass cv. Luna, Russian wildrye cv.

Bozoisky, thickspike wheatgrass cv. Critana (Agropyron dasystachyum), streambank wheatgrass

cv. Sodar (Agropyron dasystachyum riparium), crested wheatgrass cv. Hycrest (Agropyron

cristatum), and western wheatgrass cv. Rosana (Agropyron smithit).

The purposeofthis research was to determinethe potential of perennial grass competition as an

alternative to repetitive herbicide treatmentfor control of leafy spurge or Russian knapweed.

MATERIALS AND METHODS

Studies were established near Devil's Tower in Crook County, Wyoming. Grasses included in the

study were pubescent wheatgrass cv. Luna and Russian wildrye cv. Bozoisky. Grasses were

selected from a previousstudy on the basis of productivity, ability to establish in low precipitation

areas and ability to compete with leafy spurge. The study area received only natural precipitation.

Glyphosate was applied before seeding grasses in 1989 to controlexisting vegetation. Plots (10

by 53 m) were arranged in a randomized complete block design with two factors and four

replications. Factors were grass varieties andtill versus notill. Plots were rototilled and rolled on

7 August, 1989. Grasses were seeded at 64 mm with a double-disc opener Tye drill on 8 August,

1989, Luna was seeded at a rate of 12 kg and Bozoisky at a rate of 8 kg of pure live seed per ha.

Rowspacing was 20 cm for both varieties. Postemergentapplications of 2,4-D and metsulfuron

plus 2,4-D were made in 1989 and 1990to control annual broadleaf weeds. Percent leafy spurge

control, numberofgrass plants per 6 m of row, and kg ofair dry grass per ha were taken 12 and

13 September, 1991, 8 July, 1992 and 28 September, 1993.

Two studies were also located on Lander Complex sandy loam soils near Riverton and Ft.

Washakie, Wyoming and weretreated with herbicides on 10 and 11 October, 1991. Plots were

tilled with a rotetiller October 20, 1991. Metsulfuron (8.5 g ai/ha), clopyralid (0.32 kg ai/ha) plus

2,4-D (1.65 kg ai/ha), and picloram (0.28 kg ai/ha) were applied in August, 1992. All herbicides,

except picloram, were reapplied in August, 1994. Russian knapweed had started into winter

dormancy during the 1991 application andin late bloom in 1992 and early bloom in 1994. Plots

were seeded with streambank wheatgrass cv. Sodar, thickspike wheatgrass cv. Critana, crested 
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wheatgrass cv. Hycrest, western wheatgrass cv. Rosana and Russian wildrye cv. Bozoisky at 11.2

kg pure live seed/ha, except Russian wildrye which was seeded at 6.6 kg/ha on 11 and 12 April,

1992.

RESULTS AND DISCUSSION

Leafy spurge control was excellent at 89% orbetter in both rototilled and no-till plots for all years

for both grasses (Table 1). Thetilled plots had significantly more plants per 6 m of row than the

no-till plots for both grasses in 1991 (Table 1). In 1992 there was a considerableincrease in plants

in the Bozoisky plots (Table 1).

Table 1. Pubescent wheatgrass (Luna) and Russian wildrye (Bozoisky), September 1991 (91),

July 1992 (92) data and September 1993 (93) data.

 

Leafy spurge control (%) Grass plants/6 m of row

Till No-till Till No-till

Variety! 91 9293 91 92 93 92 93 91 92 93

Luna 99 99 99 99 999 96 34 37 25 27 28

Bozoisky 99 99 96 95 97 89 56 54 21 28 28

LSD-5%? 3 5 ns 3 5 ns 11 7 5 11 7

'Grasses seeded August 8, 1989.
*Comparisonof variety meansis valid betweentill and no-till, within years.

Grass production for 1991 was very goodforboth thetill and no-till plots due to good early season

moisture. In thetilled plots Luna provided 3440 kg ofair dry forage per ha and 2445 kgin the no-

till plots (Table 2). Bozoisky production was 1640 kgin thetilled plots and 1173 kg in the no-till

plots. In 1992 and 1993 forage production was also very good (Table 2). There were no

differences between production in the tilled versus the no-till plots in 1992. There was a

significant increase in forage production for Lunaplots in the tilled plots compared to the no-till

plots in 1993.

Table 2. Pubescent wheatgrass (Luna) and Russian wildrye (Bozoisky), September 1991

(91), July 1992 (92) data and September 1993 (93) data.

 

Grass production (kg/ha)
Till

Variety! 91 92 93 91

 

Luna 3440 2378 3638
Bozoisky 1640 1550 1349

LSD-5%? 803 493 337

 

"Grasses seeded August 8, 1989.

?Comparisonof variety meansis valid betweentill and no-till, within years. 



Luna was developed in New Mexico by the USDA/SCS (Onsager, 1987). It had excellent

establishment, leafy spurge control, and forage production in both the till and no-till plots.

Bozoiskyhas been significantly more productive andeasier to establish on semiarid rangesites

than other Russian wildryes (Onsager, 1987). It had excellent leafy spurge control and good

forage productionin thetill and no-till plots. Luna and Bozoisky appear to be goodgrassesfor

competition with leafy spurge and other weedy species.

Russian knapweed live canopy cover was reduced from an average of 44% in the untreated

unseeded checks to 10% in the areas treated with clopyralid plus 2,4-D (Table 3). There was no

difference betweengrass varieties when compaired to % Russian knapweed cover. Reductionsto

2% live canopycover of Russian knapweed were obtained with a single application of picloram.

Table 3. Russian knapweed (Knap) % live canopy cover, Ward (Wd) and Brown ranch (Br).

 

Treatment

Metsulfuron Clopyralid+2,4D Picloram Untreated unseeded Untreated seeded

Grass Wad Br Br Wd Br Wd Br Wd Br Mean

Streambank 33 41 13 6 28 54 20 43 25

wheatgrass

Thickspike 40 49 20 33 59 30 53 30

wheatgrass

Crested 47 24 22 32 55 23 48 27

wheatgrass

Western 34 25 30 56 30 52 30

wheatgrass

Russian

wildrye

LSD (0.1)

LSD (0.05)

Mean
LSD (0.05) =4

Standsofthe five perennial grasses averaged 22% live canopy coverin the clopyralid plus 2,4-D

and 23% live canopy coverin the picloram treatment compared to 6% for the untreated seeded

plots (Table 4). The two grasses having the greatest overall establishment were thickspike

wheatgrass cv. Critana with an average overall treatments of 17% live canopy cover and

streambank wheatgrass cv. Sodar with 16% live canopy cover. The lowest amount of Russian

knapweed (2%) and the highest % live canopy of grass (47%) were found in plots treated with

picloram and seededto thickspike wheatgrass (Tables 3 and4). 



Table 4. Percntgrass live canopy cover, Ward ranch (Wd) and Brown ranch (Br).
 

Treatment

Metsulfuron Clopyralid+2,4D Picloram Untreated unseeded Untreated seeded

Grass Wd Br Wd Br Wd Br Wd Br Wd Br

Streambank 21 24 35 16 47 0 0 7 8
wheatgrass

Thickspike 12 23 40 47
wheatgrass

Crested 23 26
wheatgrass

Westem 29 30
wheatgrass

Russian wildrye 19 30

LSD (0.05) ns ns

Mean

LSD(0.05) =4

Critana thickspike wheatgrass and Sodar streambank wheatgrass are very similar grasses. They

are native perennial grasses which can be usedto vegetate and reduceerosion on disturbedsites

such as mined lands, roadsides, recreation areas, and construction sites. Both are excellent for

reseeding rangesites that are severely eroded or that have low fertility. Both are also strongly

rhizomatous and grow to 25 to 30 cm in height on goodsites. They produce abundant,fine, light

green leaves and form a tight sod under dryland conditions. Both have excellent seedling vigor

and are adapted to medium-to coarse-textured soils. They are also adapted to soils derived from

granulated shales andclays that behavelike coarse-textured soils. They grow in the 25- to 5l-cm

precipitation zone in the northern Rocky Mountainsand adjacent Great Plains regions. Both adapt

to elevations ranging from 610 to 2287 m (USDA,1984). These grasses had thegreatest live
canopy coverin the study.

Hycrest crested wheatgrass is a winter hardy, drought resistant bunchgrass. Although the new

cultivar is well adapted to sagebrush andjuniper vegetation sites (30 cm ofannualprecipitation),

goodto excellent stands have been established on shadscale, greasewood, and Indian ricegrass

sites where annualprecipitation is less than 20 cm. In southern areas, it is best adapted to

elevations of 1500 m or more. The upperelevation limits are from 2590 to 2740 m. It performs

well on a wide variety of soil types; however,it is particularly well adapted to sandy or sandy loam

soils. In general, crested wheatgrass will not tolerate prolonged flooding and is only moderately

tolerantof saline soils when comparedto tall wheatgrass, quackgrass, or western wheatgrass (Asay
and Horton, 1985).

Rosana western wheatgrass, a native perennial grass, was developed for reseeding depleted

rangelandsand abandonedcropland in Montana and Wyoming. Seedling vigor also makes Rosana

a valuable grass for mine reclamation. The plants are blue-green, leafy, moderately fine stemmed,

and easy to establish. Rosanais adapted to the moderately rolling topography of the northern

Rocky Mountain region and the adjacent Great Plains. It does best on medium tofine textured

soils andtolerates soils that are neutral to strongly alkaline. Rosana is adapted to areas with 30 



or more cm ofprecipitation. Production is enhanced by extra moisture from irrigation or on

overflow sites. Rosana formsa tight sod under dryland conditions. Rosana will produce excellent

seed crops underirrigation (USDA,1979).

Becauseoftheir performancein these studies Luna pubescent wheatgrass and Bozoisky Russian

wildrye appear to provide effective competition with leafy spurge. Critana thickspike wheatgrass

and Sodar streambank wheatgrass also appear to provide effective competition with Russian

knapweed. There is a need for long-term research to confirm that these grasses or others will

effectively compete with these weeds and reduce the amountof herbicides needed for control of

perennial weeds.
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ABSTRACT

Fenoxaprop-ethyl (Cheetah R) 0.12 kg ai/ha, tank mixed with 4.75 kg

ai/na of ‘TCA’ applied to a well tillered crop of perennial ryegrass
(Lolium perenne), gave a seedyield of 1.18 tonnes/ha. This compared

with a seed yield of 1.12 tonnes/ha following an application of 1.0 kg

ai/ha of ethofumesate (Nortron) tank mixed with 4.75 kg ai/na of TCA.
The untreated crop gave a yield of 1.0 tonnes/ha. All treatments gave

a 98% control of blackgrass (Alopecurus myosuroides) and good

control of volunteer wheat(Triticum aestivum).

Fenoxaprop-ethyl tank mixed with TCA offers a potentially cheaper

choice of herbicide for controlling A. myosuroides and volunteer
cereals in autumn sown perennial ryegrass seed crops. Because of
the limited availability of TCA, it is suggested that combinations of

fenoxaprop-ethyl and ethofumesate could give good control of A.

myosuroides and volunteer cereal species and also hopefully avoid the

increase of grass weedtolerance.

It is further suggested, that if fenoxaprop-ethyl without the cereal

safener becameavailable in the United Kingdom, a satisfactory control

of volunteer cereal species in ryegrass seed crops could also be

achieved when the product is combined with ethofumesate.

INTRODUCTION

Overthe last twenty years, ethofumesate has been the most successful selective

herbicide for controlling A. myosuroides in grass seed crops. Used in conjunction

with TCA, ethofumesate has also been used successfully, at reduced rates, to also

control volunteer cereals in ryegrass seed crops. This treatment, however, is

expensive, costing £76-£150/ha depending on the rate applied. The average

perennial ryegrass seed crop will produce 1.1 tonnes/ha of clean seed and this

expenditure on herbicide currently requires an estimated 8-15% of the seed crop to

pay for the treatment.

The trial reported here set out to determine whether fenoxaprop-ethyl with TCA

offered more efficient and cheaper control of A. myosuroides and volunteer cereals

than ethofumesate with TCA.

Previous successful trial work on the use of ethofumesate and TCA combinations

has been reported on by Johnsoneta/ (1982). 



MATERIALS AND METHODS

This trial consisted of five treatments replicated four times as randomised blocks on
an area of 0.25 of a hectare. Each treated plot measured 100 m?, but was split down

to 50 M? units for harvesting and analysis of yield and weed content.

The treatments were made on a crop of L. perenne perennial ryegrass, cv. Profit,

sownin early September, following a farm crop of wheat.

Treatments (Kg ai/ha) Chemical Cost/ha

Untreatec -
Fenoxaprop-ethy! 0.12 kg + TCA 4.75 kg, 24 October £49.69
Ethofumesate 1.0 kg + TCA 4.75 kg, 24 October £84.25
Fenoxaprop-ethy! 0.12 kg + TCA 4.75 kg, 24 October,

followed by fenoxaprop 0.12 kg, 12 March £90.97

TCA 4.75 kg, 24 October, followed by fenoxaprop 0.12 kg,

14 December £49.61

+= Tank mixes

Due to the dry autumn, germination and establishment was interrupted and full
tillering was net reached until 24 October. Treatment commenced onthis date when

most of the ryegrass crop was very well tillered and the remaining 25% wasjust

tillering. Because of this variation in tillering, only 3.8 kg ai/na of TCA and 0.8 kg
ai/na of ethofumesate was applied on 24 October, but the remairiing 0.95 kg of TCA

and 0.2 kg of ethofumesate was applied on 14 December. Had the establishment

been rapid and complete, the full quantity of herbicide, in most cases tank mixed,

would have been applied on 24 October.

Apart from some large early germinating plants, most of the A. myosuroides was

later establishing and was at the 2-3 leaf stage when treated. Tne volunteer wheat
consited mainly of tillered plants.

Each treatment was applied using an Oxford Precision Sprayer Van der Vey
combination, calibrated to deliver 250 L/ha at 2.0 bar pressure. The five sprayerjets

used on a 2.5 m boom, were Lurmark 02-F80 brass fan nozzles.

The results of the treatments were measuredin respectof:

The clean seed yield of ryegrass (T/ha) at 98% purity and 12% moisture.

The reduction in A. myosuroides contamination in the cleaned seed.

The reduction in volunteer wheat contamination.

The improvementin harvestpurity.

The comparative cash return (£/ha). 



RESULTS

Fig 1. Yield of ryegrass seed (t/ha) at 98% purity of cleaned seed.
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Fig 3. Percentage purity of ryegrass seed, as harvested.

100
20]
80 J
70 4
60J
50 |
4o J
30 J

2h. : LSD = 5.0%

| BB FENOXA-- + TCA
|Z erHOFU-- + TCA
hoes  

 04

TREATMENTS 



Fig 4. Volunteer wheat contamination of ryegrass seed as harvested.
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Fig 5. Cash return (£/ha) after cleaning & chemical costs only.
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The cash return was calculated after deducting cleaning and chemical costs only.

Othervariable andall fixed costs were excluded. The calculation was also based on

a price of £35.00/50 kg of cleaned seed, together with a subsidy of £10.31/50 kg.

Cleaning costs are based on a mean of agreed UKASTA cleaning charges and

somewhat lower charges quoted by a seed merchant.

 



DISCUSSION

This trial was undertaken when TCA was commercially available. Since 1993/94,

however, this graminicide can no longer be obtained, but some significant stocks

have been collected and reserved for use by a numberof diligent seed growers.

The clean seed yields following the treatments wereall satisfactory. All treatments
yielded significantly better than the untreated. (Fig. 1).

All treatments gave 98% reduction of A. myosuroides seed numbersin the clean
seed. Treatment 4, which consisted of an additional 0.12 kg/ha fenoxaprop-ethy|
application in the spring gave the best reduction but was more expensive. (Fig. 2).

The excessive A. myosuroides contamination in the cleaned seed, (Fig. 2), produced
from the untreated (140 seeds/3g) rendered the seed unsaleable.

The harvested seed purities were all satisfactory, (Fig. 3), with the exception of the

untreated control. However, the purity of treatment 5, where the 0.12 kg/ha of

fenoxaprop-ethy! followed the TCA seven weekslater, was inferior to treatments 2, 3

and 4. For good reduction of volunteer wheat, the fenoxaprop-ethy! and TCA should

be applied at the sametime.

The ethofumesate + TCA combination, treatment 3, (Fig. 4), gave the best control of

volunteer wheat at 97%, followed by fenoxaprop-ethyl + TCA treatment 2, at 90%.

After deducting cleaning and chemical costs, (Fig. 5), fenoxaprop-ethyl treatment 2,
appeared to be the mostprofitable. The relatively poorer reduction of wheat in

treatment 5, only 62%, (Fig. 4), resulted in higher cleaning costs and the cash return

was commensurably lower.

Since fenoxaprop-ethyl + 4.75 kg TCA gave incomplete reduction of volunter winter

wheat, 90% (Fig.4), it is suggersted that, if fenoxaprop-ethyl without the added

cereal safener, became available in the United Kingdom, a satisfactory control of

volunteer cereal species could also be achieved. This could go some way towards

finding a replaclementfor the future unavailability of TCA. Unpublished work in this

country by the author, has indicated that this could work on ryegrass seed crops.
This ‘unsafened’ Fenoxapropis believed to be used in the USAfor this purpose,in

ryegrass seed crops.

The build up of A. myosuroides tolerance to fenoxaprop-ethy! and other graminicides

has most recently been reported by Clark, et a/ (1994). It is suggested that this

increase in weed tolerance could at least be delayed in grass seed crops, by using

tank mix combinations of fenoxaprop-ethyl and ethofumesate. At present, there

does not appear to be a build up of herbicide resistance in A. myosuroides to

ethofumesate. Indeed, some herbage seed growers are reporting successful
treatments on a field scale with or without a second application of fenoxaprop-ethyl

or ethofumesate in the spring. 



Over the last fifteen years, more and more ryegrass seed crops have been

established in the autumn following winter cereals, and this exacerbates the

problems of volunteer cereals and A. myosuroides contamination. It should be

emphasised that every opportunity should be taken of establishing ryegrass seed

crops where possible in spring nurse crops of spring barley and wheat. In these

crops, fewer problems are experienced with volunteer cereals, since the fallen ears

and shed grain germinate on the surface and muchiskilled by frosts, eaten by birds

and suffer from disease.

Spring under-sowings also offer good opportunities of controlling A. myosuroides

with fenoxaprop-ethyl and ethofumesate applications in the autumn, since the

seedlings can be better controlled at a young stage when the already established

ryegrasscropis offering added competition.

Further trials have indicated that fenoxaprop-ethyl offers good control of rough

meadow-grass Poatrivialis, a species which is not controlled by ethofumesate.

Fenoxaprop-ethyl is also reported to give excellent control of A. fatua and Avena

sativa oats in Lolium seed crops.
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ABSTRACT

Trials conducted in California and the Pacific Northwest on apples, walnuts

and vine crops indicate that a single pre-emergence application of thiazopyr at

0.44 kg ai/ha provides annual grass and selected broadleaf weed control

equivalent to 2.2 kg ai/ha norflurazon, 4.4 kg ai/ha oryzalin or 4.4 kg ai/ha

pendimethalin. Thiazopyr is most effective for the control of annual grass

species and provides excellent long term control with pre-emergence rates at

or above 0.11 kg ai/ha. Annual grasses controlled include Echinochloa crus-

galli, Poa annua, Setaria viridis Bromus catharticus and Cynodon dactylon.

Broadleaf weeds controlled at 0.45 kg ai/ha include Stellaria media,

Calandrinia caulescens, Malva parviflora, Lamium amplexicaule, Urtica

dioica, Sisymbrium irio, Capsella bursa-pastoris, Solanum nigrum, Hippuris

vulgaris, Sonchus oleraceus, Senecio vulgaris, Anthemis cotula, Amaranthus

retroflexus, Chenopodium album, Epilobium paniculatum, Lactuca serriola,

Erodium moschatum and Ranunculus muricatus. When tank mixed with

oxyfluorfen, additional control of the following weeds was obtained: Cyperus

esculentus, Echinochloa crus-galli, Calandrinia caulescens, Raphanus

raphanistrum, Sisymbrium irio and Kochia scoparia.

INTRODUCTION

Thiazopyr, Visor®, is a preemergencegrass herbicide currently under development worldwide

by Rohm and HaasCo.for use in citrus, tree fruit, tree nut and vine crops. Thiazopyr is a

pyridine herbicide with ideal environmental characteristics for providing long term residual

weed control in perennial crops. Thiazopyr has an average soil half life (DT5Q) of 64 days
(Oppenhuizen et al., 1991), very low water solubility (Duke et al. 1990) and limited

movementin the soil profile (Oppenhuizen et al., 1991). The mode of action of thiazopyr is

via mitotic inhibition, similar to dinitroaniline herbicides.

Field trials were conducted in California and the Pacific Northwest to determine optimum use

rate for long term control of the most predominate winter weedsin perennial crops. A second

set of field trials was established to determineif low rates of thiazopyr would complement the

spectrum of oxyfluorfen, a residual broadleaf herbicide. 



MATERIALS AND METHODS

Field studies were conducted during the fall and winter of 1993 and 1994. All trials were

located in row middles of orchards or vineyards to obtain an indigenous population of

prevalent weeds. A randomized complete block design was used with four replications.

Individual plots were 1.5 by 7.5 m in size. Applications were applied with a four nozzle CO2

backpacksprayer delivering 187 L/ha.. All treatments were either applied to bare soil prior to

weed emergence or tank-mixed with 0.84 kg ai/ha glyphosate if weeds were present. Weed

control ratings were taken at 90 to 180 days after treatmentand are a visual observation of %

weed biomass recuction ranging from 0 to 100, where 100 is complete weed control.

RESULTS

Preemergence weed control

Thiazopyr effectively controlled a broad spectrum of winter grasses and broadleaf weeds

commonto California and Pacific Northwest perennial crops atrates of 0.11 -0.22 kg ai/na.

Thiazopyr provided season long control on five of six grasses and was equivalent to the

standard treatments of 4.48 kg ai/ha of pendimethalin or oryzalin and 2.24 kg ai/ha of

norflurazon (Table 1).

Table 1. Comparison of thiazopyr, pendimethalin, oryzalin and norflurazon on control of

winter grasses in perennial crops.

 

% Control at 90-180 days after treatment

Weed No.of thiazopyr pendimethalin oryzalin norflurazon

species* trials 0.11 0.22 0.45 4.48 4.48 2.24 kg ai/ha

 

Avefa 1 54 74 59 48 71 -

Bro ca 1 95 100 100 74 98 85

Cyn da 1 100 83 90 88 100 90

Ech cg 2 84 96 98 90 95 83

Poa an 4 97 100 100 96 96 100

1Set vi 89 99 94 100 91 -

 

"Weed species code as given by Bayer (1986)

Thiazopyr at 0.45 kg ai/ha provided commercial control (>80%) on 18 of 23 broadleaf weed

species tested anc. suppressionin the remaining five species (Table 2). 
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Table 2. Comparison of thiazopyr, pendimethalin, oryzalin and norflurazon on control of

winter broadleaf weeds in perennial crops.

 

% Control at 90-180 days after treatment

No.of thiazopyr pendimethalin oryzalin _norflurazon

trials 0.11 0.22 0.45 4.48 4.48 2.24 kg ai/ha

 

68 82 85 88 96 90
47 68 86 100 98 100
98 100 100 98 100 100
73 85 97 89 77 97
29 66 82 98 83 -
719 76 81 83 83 69
0 13 73 21 25 23
88 92 100 75 100 72
67 75 95 95 100 33
51 68 65 74 62 -
86 98 100 74 95 56
88 98 100 100 100 84
40 59 68 70 78 -
90 99 100 98 98 93
26 59 77 65 74 30
85 98 100 98 100 92
35 58 65 53 65 -
68 59 90 46 96 88
85 95 97 100 100 -
82 94 94 85 95 81
100 99 100 96 61 99
81 88 98 100 98 99
67 87 100 100 100 100
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‘combinations with ox rfen

Thiazopyr at 0.22 kg ai/ha combined with 1.34 kg ai/ha of oxyfluorfen provided commercial

control of Echinochloa crus-galli, Stellaria media, Calandrinia caulescens, and Raphanus

raphanistrum, while oxyfluorfen applied alone did not (Table 3). The higher 0.44 kg ai/ha

rate of thiazopyr was required for Cyperus esculentus, Salsola iberica and Kochia scoparia

control. 



Table 3. Combinations of thiazopyr and oxyfluorfen for broadspectrum weed control.

 

% Control at 90-180 days after treatment

oxyfluorfen+ oxyfluorfen+ oxyfluorfen+  oxyfluorfen
Weed No. of thiazopyr thiazopyr oryzalin

species trials 1.34 + 0.22 1.34 + 0.44 1.34+2.24 1.34 kgai/ha
Bro mo 98 99 96 96
Cap bp 100 100 100 98
Cheal 59 95 68 91
Cobte 100 100 100 100
Cyp es 73 87 56 49

Des so 100 100 100 100
Ech cg 98 100 100 67
Kch sc 65 80 32 65
Lam am 100 100 100 96
Med po 100 100 100 100
Poa an 100 100 100 99

Rap ra 91 95 99 82

Run mo 96 100 96 91
Sas kr 62 91 41 54
Sol ni 91 99 98 100
Son ol 96 96 98 96

Ste me 98 100 100 67—
W
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DISCUSSION AND CONCLUSIONS

Thiazopyr applied at 0.11 to 0.44 kg ai/ha provides excellent season long control of winter

grasses and many of the broadleaf weeds troublesome in California and Pacific Northwest

perennial crops. Most grasses were controlled at the low 0.11 - 0.22 kg ai/ha applications

rates. Higher 0.22 - 0.44 kg ai/ha application rates were required for broad spectrum

broadleaf weed control. Thiazopyr's low use rate coupled with low water solubility and

limited movementin the soil profile characterize it as an environmentally friendly herbicide

ideal for use in perennial crops.

Because of its excellent residual pre-emergence properties, thiazopyr at low rates was

effective in mixtures with oxyfluorfen to expand both the grass and broadleaf weed control

spectrum. Other potential mixing partners for broad-spectrum control are diuron and

simazine.
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ABSTRACT

In Romania, apple orchards cultivated on different types of soil,
are infested in proportion to 50-75 % with different species of pe-
rennial weeds the most frequent being Elymus repens, Cynodon
dactylon, Convolvulusarvensis, Cirsium arvense, Sonchusarvensis,
Rumex crispus and Taraxacum officinale. In order to control an-
nual weeds, pre-emergent herbicides were applied: alachlor + si-
mazine, pendimethalin, dimethenamid and imazethapyr. Also, in
order to control perennial weeds, post-emergent herbicides were
applied such as: glyphosate, dicamba, glufosinate, rimsulfuron and
nicosulfuron. Good control of annual weeds wasobtained with the
following herbicides: alachlor + simazine, pendimethalin +
imazethapyr and dimethenamid + simazine. Against perennial
monocotyledonous weeds (Elymus repens and Cynodon dactylon)
lower case nicosulfuron wasbetter than rimsulfuron and glyphosate
wasbetter than glufosinate.
Based onthe results from these experiments, the following strate-
gies are recommendedto give effective control:
Strategy No 1 treated pre-emergence with alachlor + simazine and
post-emergence with glyphosate
Strategy No 2 treated pre-emergence with dimethenamid + simazine
and post-emergence with glyphosate + dicamba + 2,4 -D.
Strategy No 3 treated pre-emergence with pendimethalin +
imazethapyr post-emergence with glyphosate.

INTRODUCTION

Chemical control ofweeds in apple orchards has been used in most European

countries with Caragarde combi (based on terbuthylazine + terbumeton) being
the mostutilized herbicide. More recently in apple, pear and peach orchards
several other herbicides were used including napropamide, oryzalin, linuron
(Gainor et al. 1982). The herbicides flourochloridone, oxyfluorfen diphenamid,
oxadiazon and propyzamide were studied by Tomacetal. (1986). Paraquat,
glyphosate and glufosinate were also studied by several european and american
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scientists. Most of these herbicides were tested in Romania by Sadndulescu,
Sarpe (1980) and Sarpe (1987).
These herbicides applied alone only partially resolve the weeds problems. Some
ofthe herbicides have a magnificent effect on the annual monocotyledous weeds
(diphenamid) and others on dicotyledous annual weecs(linuron etc.).

Glyphosate applied alone controls all the species of weeds (especially perenni-
als) such as Elymus, Cynodon, Cirsium, Sonchus spp etc., but 30-45 days
after treatment, orchards are infested again with different species of annual
weeds, The same phenomenon appears when weuse glufosinate. Because of
this, during the years 1991-1994, different strategies have been studied in
order to establish the best onesfor the total controlof all the species of weeds
from the four groups, mono - and dicotyledonous annual and perennial weeds.

The results are published in this paper.

MATERIALS AND METHODS

Experiments were donein a 16 year old apple orchard cv. James Grieve. The
plantation was on ancient sand hills on the bank ofriver Jiu, close to the
Danube.After the level of the dunes, the sand layer was 4-8 m depth. In the
upperlayer of 30-50 cm deep, the content of organic matter was of0,3 - 0,5 %,
clay 3 - 8 %; and sand 90-93 %. In order to obtain economic yields offruit,
large quantities of fertilizers (NPK) were used as well asirrigation 7-10 times
in order to maintain the soil moisture at 50 % ofthe active humidity interval (a
hi) at 50 cm depth.

The experimentwaslaid out using randomized blocks with individualplots of

50 m2, trees being planted at 4 m between the rows and 2 m along each row.
The herbicides used in every strategy, rates and time of application, are shown
in Tables 1-2, The herbicides were applied only to the tree row to a width of
1,5 m.

After the treatments with herbicides, assements were made using the EWRS
scales for selectivity for the crop andefficacy in controlling weeds. In October,
annual and perennial weeds were assessed separately.

RESULTS AND DISCUSSION

Herbicide selectivity

Results of selectivity assessments on the trees are not presented as there was

no damageseen;all treatments gave a score of 1.0 on the EWRSselectivi
scale. Dueto the irrigation from Maytill September with rates of 300-500 m
ofwater/ha we presume that some imazethapyr penetrated through the sand

layer to the root system. In Bulgaria, Milanova (1995) by applying 300 g/haof

948 



imazaquin (a similar imidazolinone herbicide) caused phytotoxic effects on 2-
3 year old peachtrees.
Phytotoxic symptoms were not caused by nicosulfuron, rimsulfuron, glyphosate
or glufosinate. These herbicides were applied post-emergent during days with
no windin orderto avoid drift.

In contrast to 1991-1992, during 1993-1994, the strategies also used
dimethenamid, dicamba, 2,4-D and clethodim. Noneoftheese herbicides caused
phytotoxicity to the apple trees, a mean score of 1.0 on the EWRS scale was
recorded for all treatments.

Efficacy in controlling weeds

The apple-tree plantation where the experiments with herbicides were done
wasstrongly infested with weeds, especially perennials including:

1. Cynodon dactylon 70-80 % 6. Portulaca oleracea
2. Elymus repens, ocasionally 7. Amaranthusretroflexus
3. Convolvulus arvensis 8. Chenopodium album
4, Cirsium arvense 9. Digitaria sanguinalis
5. Sonchus oleraceus 10. Erigeron canadensis

The control of weeds was extremely poor when strategies involving pre-emer-
gence herbicides were used (Table 1). Alachlor + simazine at 2,0 + 2,0 kg/ha
controlled 98 % of the annual species such as Sonchus, Portulaca,

Amaranthus,Chenopodium and Digitaria. The most resistant of all was Eri-

geron canadensis. Pendimethalin controlled Digitaria sanguinalis well and
Chenopodium album lesseffectively. When pendimethalin was applied with
imazethapyr the control was moreefficient against annual dicotyledonous weeds.

The most important results were those obtained by applying post-emergent
herbicides in order to control the perennial species. Glyphosate applied at a
rate of 1.8 kg/ha gave 98 % control ofthe perennial species Cynodon dactylon,
Convulvulus arvensis and Cirsium arvense. When it was applied at a lower
rate (0,98 kg/ha), the efficacy was low especially for Cynodon dactylon which
reappeared 30 days after the treatment. Nicosulfuron at a rate of 80 g/ha,
gave superior control of Cynodon dactylon to rimsulfuron. Glufosinate only
controlled all the perennial species well when two treatments were applied.
Whenonly onetreatment with glufosinate was applied all the species ofperen-
nial weeds reappeared after 30-45 days. The yields of apples produced in 1991-
1992 (Table 1) are very well correlated with the degree of control of perennial
weeds. Whenthesoil was infested strongly with Cynodon dactylon, the apple
yield decrease by over 5 t/ha or by over 50% comparing with the yield ofweed-
free soil.

The results from 1993-1994, (Table 2) are similar to those of 1991-1992. In
this experiment, the herbicides applied preemergence (dimethenamid + simazine

were very effective (96-98 %) in controlling annual species but had noeffect on
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Table 1. Efficacy of different strategies for annual and perennial weed control in apple orchards
(cv. James Grieve, 1991 - 1992)

Weed control

strategy

. Control I - 5 hoeings

. ControlII - not hoed
Alachlor + simazine

. Alachlor + simazine + imazethapyr
Alachlor + simazine + imazethapyr

. Pendimethalin

. Pendimethalin + imazethapyr
Alachlor + simazine +

Glyphosate
. Alachlor + simazine +

Glyphosate
. Pendimethalin + imazethapyr +

Glyphosate
. Pendimethalin + imazethapyr +

Glyphosate
. Alachlor + simazine +

Nicosulfuron
. Alachlor + simazine +

Rimsulfuron
. Alachlor + simazine +

Glufosinate
. Alachlor + simazine +

Glufosinate -+

Glufosinate

1
2
3.
4
5.
6
7.
8.

Rate

kg. a.i.
/ha

2,0+2,0

1,0+1,0+0,1

1,0 + 1.0+0,2
1.900
1,3 + 0,2
2,0 + 2,0

0,980
2,0 + 2,0

1.800
1,3 + 0,2

0,980
1,3 + 0,2
1,800

2,0 + 2,0

0,080
2,0 + 2,0
0,012

2,0 + 2,0

0,750
2,0 + 2,0

0,750

0,750

Time#

of
Weed control % (October)

post

pre
post
pre
post
pre
post

pre
post I
postll

(a Pre = preemergence; post = post emergence; (b LSD fruit yield tha, 5% = 0.83; 1 % = 1,10; 0,1 % = 1.43

applic. Annual weeds Perennial weeds
s

Fruit yield

t/ha? %
control 1

 



Table 2. Efficacy of different strategies for annual and perennial weed control in apple orchards
(cv. James Grieve, 1993 - 1994)

Weedcontrol Rate Time Weed control % (October)
strategy . ad. of Bh

applic. Annual weeds Perennial weeds t/hal

. Control I - 5 hoeings - 100 98 9.0
. Control II - not hoed - Oo 4,2
Dimethenamid + simazine 86 6,6

. Dimethenamid + simazine 93 6,7
Dimethenamid + simazine ls
Glyphosate + dicamba + 2,4-D 8,6
Dimethenamid + simazine +
Glyphosate + dicamba + 2,4-D 8,8

- Dimethenamid + simazine
Rimsulfuron 7,0

. Dimethenamid + simazine
Rimsulfuron

. Dimethenamid + simazine
Glyphosate

. Dimethenamid + simazine
Glyphosate

. Alachlor + dimethenamid +
Imazethapyr +
Clethodim

. Alachlor + dimethenamid +
Imazethapyr +
Clethodim

. Alachlor + dimethenamid +
Imazethapyr +
Clethodim

. Alachlor + dimethenamid +
Imazethapyr +
Clethodim

. Simazine
Imazethapyr + 0,100
Glyphosate + dicamba + 2,4-D 10+0,2+0,8

©
M
N

®
T
P
W
N
Y

@ Esp fruit yield, vha, 5% = 0.97; 1% = 1.20; 0,1 % = 1.56 



controlling the perennials. Similar results in controlling annual weeds were
obtained when alachlor + dimethenamid + imazethapyr were used.Forcontrol-
ling perennial weeds, especially Cynodon dactylon, the best results were ob-
tained using strategies in which glyphosate wasapplied at rates of 1.96 kg/ha.
At a rate of 0.98 kg/ha Cynodon dactylon was notentirely destroyed. Similar
results were obtained when glyphosate + dicamba+2,4-D were applied.
Rimsulfuron applied at rates of 12 or 18 g/ha hadlittle effect on Cynodon
dactylon. Clethodim only controlled Cynodon dactylon well enough whenrates
of0.24 - 0.48 kg/ha were applied. At lower rates, Cynodon dactylon reappeared.

CONCLUSIONS

In order to control moreeffectively the annual and perennial weeds, including
Cynodon dactylon, we recommendthefollowing three strategies:

STRATEGY Nol based on preemergenttreatments with alachlor + simazine at
rates of 2 + 2 kg/ha and a post-emergent treatmentwith glyphosateat rates of
1.8 - 1.9 kg/ha.

STRATEGYNo 2 based on pre-emergent treatments with dimethenamid + si-
mazine (1.2 + 2 kg/ha) and a post-emergent treatment with glyphosate +
dicamba + 2,4-D (1.0 +0.2 +0.8 kg/ha)

STRATEGY No 3 based on pre-emergent treatments with pendimethalin +
imazethapyr (1.3 + 0.2 kg/ha) and on a post-emergent treatment with glyphosate
at rates of 1.8 - 1.9 kg/ha.
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ABSTRACT

Greenhouse andfield studies were conducted in 1994 and 1995 to evaluate the

tolerance offlax cultivars to postemergence applications of imazethapyr. In the

greenhouse FP 967, a transgenicflax line resistant to sulfonylurea herbicides, was

more tolerant to imazethapyr than untransformed cultivars. The imazethapyr

dosage required to reduce plant fresh weight by 50% was >800 g ai/ha for FP 967

compared with 230 to 256 g/ha for untransformedflaxcultivars. In the field, crop

injury following imazethapyr application increased concomitant with dosage.

Imazethapyr stunted flax plants and delayed flowering by 1 to 6 days. Flax yields

did not differ from the untreated controlplot in 1994. In 1995, 50 to 100 g/ha of

imazethpyr reduced the seed yield of Linola 947flax, but not Eyre or McGregor

flax.

INTRODUCTION

Several troublesome weeds often escape control with herbicides currently recommended for

broadleaf weed controlin flax, eg. Galium aparine, Amaranthus retroflexus and Galeopsis tetrahit.

There are many anecdotal reports of farmers applying low doses of chlorsulfuron or thifensulfuron

in tank mixtures with recommended broadleaf herbicides to improve control of these and other

weeds. However, low doses of sulfonylurea herbicides may injure flax and reduce seed yields

(Derksen and Wall, unpublished data). Research conducted in Australia has suggested that edible

oil flax lines (solin and linola) are tolerant to postemergence applications of imazethapyr (C. Kidd,

Personal Communication). In western Canada, imazethapyr is registered for use on field pea and

alfalfa at 50 g ai/ha and productlabels caution against subsequent cropping with sensitive broadleaf

crops,including flax. The objective ofthis study was to investigate the tolerance offlax cultivars

to postemergence applications of imazethapyr under western Canadian growing conditions.

MATERIALS AND METHODS

Greenhouse Study.

A dose response study was conducted to evaluate the tolerance offlax cultivars to imazethapyr.
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Flax seed was planted in 13 cm diam. pots filled with a mixture ofsoil:peat:sand:vermiculite

(3:2:1:1). Pots were thinned to six plants | week after emergence. Cultivars included industrial oil

types (NorLin and McGregor), edible oil types (Eyre, Linola 947, and Linola 989) and a transgenic

sulfonylurea resistant line (FP 967). Imazethapyr was applied at 0, 12.5, 25, 50, 75, 100, 200, 400,

and 800 g ai/ha plus a nonionic surfactant at 0.25% v/v when the plants were 10 to 15 cm tall.

Herbicide treatments were applied in a spray chamber equipped with a TeeJet 8001EVSflat-fan

nozzle delivering 200 I/ha oftotal solution at 207 kPa. The experimental design wasa split-plot

with six replicates. Main and subplot effects were cultivars and herbicide dosage, respectively.

Plants were harvested 4 weeks after treatment (WAT)andtotal plant fresh per pot measured. Data

were analyzed by ANOVAandnonlinear regression. The following nonlinear model was used to

describe the relationship between herbicide dosage and flax fresh weight: Y = a + e®*™, wherea,

b, and ¢ are estimated nonlinear regression parameters and X is imazethapyr dosage. The herbicide

dosage required to reduce flax fresh by 50 percent (GR,») was calculated for each cultivar.

Field Study.

Thetolerance ofthree flax cultivars to imazethapyr was evaluated at Morden in 1994 and 1995 and

Rosebank, Manitoba in 1995. The experimental design was a split-plot with four replicates. Main

and subplot effects were cultivars (Eyre, Linola 947, and McGregor) and imazethapyr dosage,

respectively. Flax seed was planted 5 cm deep in 18 cm wide rowsat 47 kg/ha. Imazethapyr was

applied at 0, 12.S, 25, 50, and 100 g/ha plus a nonionic surfactant at 0.25% v/v when the flax was

10 to 15 cm tall. Standard herbicide treatments were included in 1995 only. Herbicides were

applied with a small plot sprayer equipped with TeeJet SS8002 flat-fan nozzles delivering 139 I/ha

of water at 276 kPa. Crop injury was estimated visually 2 and 4 WAT ona 9 to 100% scale, where

0, 15, and 100% correspondedto no visible effect, maximum injury permitted for commercial

acceptance, and complete crop mortality. Plant height was determined 4 WAT. Daysto flower

were estimated visually; flax was considered in flower when 50% ofthe blossoms had opened. Flax

yields (g/m?) were recorded and seed oil content (%) determined by nuclear magnetic resonance

(Robertson and Morrison, 1979). Data was analyzed by ANOVAand meansseparated by Fisher's

LSD at P=0.05.

RESULTS ANDDISCUSSION

Greenhouse study.

The cultivar by herbicide interaction was significant for flax fresh weight in both trials. For all

cultivars, flax fresh weight decreased with increasing imazethapyr dosage (Figure |). Eyre, Linola

947, Linola 989, McGregor, and NorLin were more sensitive to imazethapyr than FP 967.

Tolerance among sulfonylurea sensitive flax lines were similar and GR.» values ranged from 230
to 256 g/ha of imazethapyr compared to GR., values of >800 g/ha for FP 967 (Table 1). However,

at recommendedfield dosages of 50 g/ha of imazethapyr there waslittle difference among cultivars

and fresh weight was reduced by15 to 17% for untransformed cultivars compared with 10% for

FP 967.

Field study.

Crop tolerance did not differ markedly amongcultivars in 1994 (Table 2). In 1994, crop injury at

100 g/ha of imazethapyr was unacceptable 2 WAT,but flax had recovered by 4 WAT and injury

954 



Table 1. Estimated nonlinear regression coefficients for flax fresh weight

response to imazethapyr dosage and calculated GRso values.

 

Regression coefficients”

Cultivar a b c R? GR5o
 

 

Eyre 6.026 2.409 -0.0061 0.88 239

FP 967 9.507 2.274 -0.0042 0.90 >800

Linola 947 5.702 2.373 -0.0058 0.86 250

Linola 989 5.061 2.480 -0.0048 0.94 256

McGregor 5.863 2.375 -0.0057 0.93 258

NorLin 6.148 2.511 -0.0060 0.90 230

 

*Model: Y =a + e *©*) where a, b and c are estimated regression coefficients

and X is imazethapyr dosage (g ai/ha).
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Figure 1. Dose responseofsix flax cultivars to imazethapyr. 



Table 2. Effect of postemergence applications of imazethapyron flax crop injury andplantheight.

Crop injury (%) 2 and4 WAT ‘Plant height 4 WAT

~—Ssi«99S——C—~™*S (cm)
Dosage MOR" MOR RB’ 1994 1995

Cultivar Treatment (g ai/ha) 2 4 2 4 2 4 MOR MOR RB

 

 

 

Eyre Untreated 0 0 0 0 44 46 60

Eyre Bromoxynil+MCPA 280 +280 - 4 2 - 45 59

Eyre Bromoxynil+MCPA 280 +280

+ thifensulfuron +2

Eyre Imazethapyr 12:5

Eyre Imazethapyr 25

Eyre Imazethapyr 50

Eyre Imazethapyr 100

Linola 947 Untreated

Linola947_  Bromoxynil+MCPA 280+280

Linola947_  Bromoxynil+MCPA 280+ 280

+ thifensulfuron +2 45 68

Linola 947 Imazethapyr 12.5 , 58 74

Linola947 Imazethapyr 25 56 67

Linola947 Imazethapyr 50 52 57

Linola 947 Imazethapyr 100 44 57

McGregor Untreated 54 81

McGregor Bromoxynil+MCPA 280+280 45 75

McGregor Bromoxynil+MCPA 280+280

+ thifensulfuron +2 - 48 75

McGregor _Imazethapyr 12.5 55 as

McGregor  Imazethapyr 25 55 71

McGregor  Imazethapyr 50 53 57

McGregor _Imazethapyr 42 53

LSD (P = 0.05)

45 59

46 56

46 35

45 31

41 50

60 83

51 78w
W
w
o
n
w
o

f
k
h
b

Cultivar

Herbicide Treatment

Cultivar x Herbicide Treatment

* MOR = Morden; RB = Rosebank.

"S Notsignificantly different according to ANOVA.
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Table 3. Effect of imazethapyr on flax days to flower at Morden and Rosebankandflax seed yield

at Morden.

 

Daysto flower Seed yield

Dosage 1994 1995 (g/m’)
Cultivar Treatment (g ai/ha) MOR* MOR RB?* 1994 1995
 

Eyre Untreated 42 38 42 215 145

Eyre Bromoxynil+MCPA 280 + 280 - 40 43 - 151

Eyre Bromoxynil + MCPA 280 + 280

+ thifensulfuron ‘b. 43 45 156

Eyre Imazethapyr 12.5 42 43 151

Eyre Imazethapyr 25 42 43 130

Eyre Imazethapyr 50 44 44 176

Eyre Imazethapyr 100 45 45 123

Linola 947 Untreated 49 57 274

Linola 947 Bromoxynil+ MCPA 280 + 280 49 58 235

Linola 947 Bromoxynil+MCPA 280 + 280

+ thifensulfuron +2 50 60 210

Linola 947 Imazethapyr 12.5 49 56 256

Linola 947 Imazethapyr 25 50 57 241

Linola 947 Imazethapyr 50 50 59 193

Linola 947 Imazethapyr 100 51 60 LT

McGregor Untreated 47 55 239

McGregor Bromoxynil + MCPA 280 + 280 49 56 229

McGregor Bromoxynil+MCPA 280 + 280

+ thifensulfuron +2 50 58 196

McGregor Imazethapyr 12.5 47 56 211

McGregor Imazethapyr 25 49 57 214

McGregor Imazethapyr 50 50 58 185

McGregor Imazethapyr 100 51 60 199

LSD(P = 0.05)

Cultivar

Herbicide Treatment

Cultivar x Herbicide Treatment

 

“MOR = Morden; RB = Rosebank.

"SNot significantly different according to ANOVA.

 



was within the limits ofcommercial acceptability, ie. <15 percent. In 1995, visual estimates of crop

injury were acceptable at 2 and 4 WATat Mordenforall imazethapyr dosages tested. At Rosebank,

however,flax treated with 25 to 100 g/ha of imazethapyr exhibited severe injury at 2 WAT,but by

4 WATthe crop had recovered and injury was <15% (Table 2). Injury symptomsconsisted of

chlorosis and stunting. Stunting was the most persistent symptom of imazethapyrinjury. Eyre is

a short stemmedflax cultivar and reductions in plant height were less noticeable than for NorLin

or Linola 947. In 1994,flax height 4 WAT was reduced by | cm for Eyre and 4 - 8 cm for NorLin

and Linola 947 at 100 g/ha of imazethapyr compared with untreated plots. However, at 50 g/ha of

imazethapyr, plant height did not differ significantly from the untreated check for any cultivar.

Height reductions were greater in 1995 than in 1994 and, at 4 WAT, 50 to 100 g/ha of imazethapyr

reduced the height of Eyre by 1 to 10 cm, NorLin by | to 28 cm and Linola 947 by 8 to 27 cm

compared with the untreated check plot. Similar reductions in plant height have been observed

following application of sulfonlyurea herbicides in flax (Courtney, 1986; Derksen and Wall,

unpublished data).

Imazethapyr delayed flowering in all three flax cultivars (Table 3). Averaged over the three

location years, 50 g/ha of imazethapyr delayed flowering of Eyre, Linola 947 and McGregorby 3,

2 and 4 days, respectively. Flowering in plots treated with the standard herbicide treatment of

bromoxynil plus MCPA was delayed by 1 to 2 days compared to the untreated control, which was

similar to delays observed with 25 g/ha of imazethapyr. In 1994, the 50 g/ha dosage ofimazethapyr

delayed Eyre, Linola 947 and McGregormaturity by 3, 4, and 5 d, respectively (data not presented).

The same dosage delayed maturity by 3 days in 1995, regardless of cultivar (data not presented).

The cultivar by herbicide treatment interaction was notsignificant for flax yield in 1994 (Table 3).

Flax yields did not differ significantly between the untreated control plot and any dosage of

imazethapyrtested. In 1995, seed yields of Eyre or McGregor were unaffected by 100 g/ha of

imazethpyr compared with the untreated or bromoxynil + MCPA control plots. However, both the

50 and 100 g/ha dosage of imazethapyrreducedthe yield of Linola 947 compared with the untreated

or bromoxynil + MCPAcontrol plots. The herbicide and cultivar x herbicide interaction for seed

oil content was not significant in 1994 (data not presented).

Based on theseresults, imazethapyr at 25 to 50 g ai/ha may havepotential as a new herbicide

treatment for managing annual broadleaf weedsin flax. Further testing is required, however, to

investigate the effects of location and environmenton flax toleranceto imazethapyr.
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