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Trial Summary

Introduction

Linuron has been a key component of herbicide programs for carrots and parsnips along with
pendimethalin, prosulfocarb and metamitron. It formed the basis of commercial programs and
was used in tank mixes both pre- and post-emergence, to complement the weed control
spectrums of the other actives. With linuron now withdrawn (3 June 2018), this leaves growers
with only pendimethalin and metamitron for pre-emergence weed control for autumn 2018. In
addition, the changes to the approval for Defy (prosulfocarb) have also made weed control
more difficult, with the useful later post-emergence applications (up to 3TL) no longer being
permitted. Therefore, it is a high priority for growers to find potential replacement products and
understand how they are best included within current programs. With metribuzin and
clomazone also not safe to use in parsnips, this leaves the crop particularly short of
herbicides—particularly post-emergence—and weed control will be challenging for growers.

These trials concentrated on potential new herbicides which may be used to partly or fully
replace the current use of linuron.

Method

Two separate trials were sited at commercial parsnip grower sites on freely draining loamy soils
— one in Suffolk and one in Nottinghamshire. A randomised block design was used, with three
replicates of twenty treatments, including two untreated controls and a pre-emergence grower
standard for comparison. There were sixty plots in total, each 2m wide by 8m long. Some plots
had split treatment timings — this is detailed in the paragraph below, and illustrated in the
appendix.

Treatments were applied at four timings, either in tank-mix combinations pre-emergence or in
sequence, pre- and post-emergence. Treatments 3 to 12 were applied pre-chit and pre-
emergence, while treatments 13 to 20 were applied twice post-emergence — first at two to three
true leaves, then again at five to six true leaves (these plots also received a pre-emergence
spray of a standard product, Anthem at 3.3 L/ha). Applications were with a 2m boom and Oxford
Precision Sprayer backpack, at 200 L/ha water volume.

Each plot was assessed for crop safety on six occasions at Site 1, and on two occasions at Site
2. Crop safety became difficult to assess after the middle of July due to confounding stunting
effects from the high weed burden in many plots. Treatment efficacy was assessed on six
occasions at both sites; as % weed cover at Site 1 in Suffolk, and weed counts and % weed
cover at Site 2 in Notts. In addition, plant counts for establishment were made twice, and an
assessment to record % root fanging was completed at harvest at Site 2 in selected plots.

Results and discussion

The weed spectrums at both sites were similar, but the proportions of the main weed species
at each site were different. At Site 1, black bindweed and fat hen were dominant, with a little
groundsel and some volunteer oilseed rape, knotgrass, cranesbill, fumitory and volunteer
potatoes. At Site 2 there was mainly redshank and black bindweed with a greater amount of
groundsel than Site 1, with a little fat hen and fumitory.

Although there were significant reductions in percentage weed cover at each site, these
differences in species proportions highlighted some differences in product performance. For
example, Anthem 3.3 L/ha + Hurricane SC 0.1 L/ha gave a significant reduction in percentage
weed cover at Site 1, but was not one of the best performing products at Site 2. There was a
higher proportion of groundsel at Site 2 and Hurricane SC has a weakness on groundsel
control, accounting for the difference. Therefore, although a number of products gave a
significant reduction in percentage weed cover compared to the untreated control,
consideration needs to be given to target the weed species present at the site to gain the
greatest efficacy as many of the novel products in the trial have narrower weed spectrums.



The lower persistence of efficacy at Site 1 due to the restricted irrigation at the site in a dry
spring also shows the importance of moisture for pre-emergence residual herbicides to work to
their full potential. At this site, only three pre-emergence treatments gave statistically significant
reductions in weed cover at eleven weeks after application at the end of July. These were;
Anthem 3.3 L/ha + Hurricane 0.1 L/ha, Anthem + AHDB9998 and Anthem + AHDB9999.
Despite being significantly reduced, weed cover was still between 43% and 61% in these
treatments which would still be at a level to cause yield reduction.

However, at earlier assessments all pre-emergence treatments gave significant control of the
weeds present for up to six weeks after application, and at this point reduced weed levels by at
least 43% when compared to the untreated control. With the exception of Flexidor 500 and
AHDB9918, all the tank-mix partners added a further 20.5-28.8% weed control over Anthem
applied alone. Therefore Emerger, Hurricane SC, chlorpropham, AHDB9998, AHDB9999 and
AHDB9917 would be useful alternative tank-mix partners to Goltix (metamitron).

At Site 2, seven pre-emergence treatments and the standard Anthem 3.3 L/ha gave a
significant reduction in the percentage of weed cover for up to fifteen weeks after application.
These were Anthem with the addition of the following in a tank-mix; Goltix, Emerger,
chlorpropham, Flexidor 500, AHDB9998, AHDB9999, or AHDB9917. These treatments also
gave 5.1-46.9% greater reduction in weed control than Anthem alone. Anthem 3.3 L/ha +
chlorpropham 2.8 L/ha or the coded products AHDB9999 and AHDB9917 were the three best
performing pre-emergence products in this trial. This site had access to irrigation and therefore
the residual herbicides were able to work more effectively.

The pre-emergence treatments still left a moderate percentage of weed, even after significantly
reducing weed levels. As no products are currently authorised for post-emergence use in
parsnips, options are urgently required for approval. There are alternative approaches such as
inter-row weeding, but conditions are not always appropriate and herbicides are still required.
Anthem 3.3 L/ha then Emerger 0.5 L/ha applied twice, Anthem then Stomp 1.5 L/ha + Emerger
0.5 L/ha applied twice and Anthem then Stomp 1.5 L/ha + Hurricane 0.05 L/ha gave significant
control at both sites, reducing weed levels by up to 25-34% at Site 1, and 75-86% at Site 2.
The lower efficacy at Site 1 was because it was difficult to time the post-emergence application
due to the slow growth of the parsnips and by the time the crop reached the growth stage for
the 1t application at two to three true leaves, the weeds had reached small rosette stage (10
cm across) and were harder to control.

Assessment of phytotoxicity at both of the trial sites was difficult after mid-July due to the high
weed levels in the plots, and confounding effects of stunting caused by this competition.
However, there was no crop loss seen in the assessments completed before this point. The
main crop effects seen were chlorosis, scorch or stunting, all of which were likely transient, and
not noted at any of the later efficacy assessments.

In the pre-emergence treatments; at the final assessment in July there were no effects seen on
the crop at Site 1, and the scores below eight at Site 2 were from stunting caused by increased
weed levels in those plots rather than effects from treatments. The only treatment to show a
moderate phytotoxicity score at Site 1 was Anthem 3.3 L/ha + Hurricane SC 0.1 L/ha, where
interveinal chlorosis was seen at three weeks after the pre-emergence application. This was
transient, and the crop had grown through the effect by the next assessment two weeks later.

At four weeks after the final post-emergence application at Site 1, only plots treated with
AHDB9981 still showed a crop effect—yellow clouding of leaves. However, this would likely be
transient, and crop vigour was unaffected. There were also transient crop effects from Emerger
(aclonifen) and Hurricane SC (diflufenican) which occurred after the first post-emergence
application and persisted until two weeks after the second post-emergence application.
Emerger gave a yellow spotting on the leaves, and Hurricane gave interveinal bleaching or
chlorosis and stunting. Only slight traces of these effects were present at a month after the final
application, and new growth was unaffected.

There were no significant reductions in plant population at Site 1 at either assessment. At Site
2 there were no significant differences between the untreated and treatments at the first



assessment, and no change in plant population after post-ems were applied at the second
assessment. At Site 1, the significant differences at the second assessment were caused by a
reduction in the plant population of the untreated due to crop loss from weed competition, and
therefore the results of this assessment are confounded.

Table 1. Summary of crop damage and percentage weed cover at key dates (back-
transformed) (0 to 10; 0 = complete crop death, 10 = no damage). Scores significantly lower
than that of the untreated are highlighted in bold. Final post-em Site 1, 28" June; final post-
em Site 2, 14" July. Weeks in brackets are number of weeks after pre-emergence application.

Mean crop
damage (0-10)

Mean weed cover (%)

. i) 22" Jun 27 Jul 29t June 30t Aug
ite ite
Trt. No. (6 weeks) (11 weeks) (6 weeks) (15 weeks)
12th 13th
July July Back- Back- Back- Back-
(9 8 Ang trans Ang. trans Ang. trans Ao trans
weeks) | weeks)
Untreated 9.8 10.0 41.5 44.0 73.8 92.3 51.9 61.9 75.3 93.6
Anthem 8.7 7.3 31.5 27.2 66.6 84.3 10.9 3.6 43.0 46.5
Anthem +
. 9.3 8.3 24.6 17.3 61.0 76.4 9.2 2.5 37.2 36.6
Goltix
Anthem +
. 9.7 9.7 23.7 16.2 65.0 82.1 7.9 1.9 40.5 42.2
aclonifen
Anthem +
. 9.7 7.3 22.4 14.5 54.8 66.7 14.7 6.5 63.1 79.5
Hurricane SC
Anthem +
9.3 7.0 25.0 17.9 59.1 73.6 5.9 1.1 22.8 14.9
chlorpropham
Anthem * 8.7 73| 300| 250| 69.2| 874| 87| 23| 408 427
Flexidor 500 ’ ’ ’ ’ ’ ’ ’ ) ’ '
Anthem 8.3 9.0 24.0 16.5 34.0 31.2 7.4 1.6 38.0 37.9
AHDB9998 . . . . . . . . . )
Anthem * 9.3 87| 287| 231| 597| 746| 145| 63| 574| 710
AHDB9918 . . . . . . . . . )
Anthem 9.7 8.3 22.6 14.8 51.0 60.4 5.4 0.9 34.8 32.6
AHDB9999 . . . . . . . . . )
Anthem * 9.3 93| 237| 162| 589| 733| 82| 20| 348]| 325
AHDB9917 . . . . . . . . . )
Anthem, then
. 8.0 8.7 32.2 28.3 50.9 60.1 11.3 3.8 20.6 12.4
(aclonifen) x2
Anthe, then 7.7 67| 310| 264| 660| 85| 76| 17| 381| 381
(Hurricane SC) x2 ' ’ ’ ’ ’ ’ ’ ’ ' '
Anthem, then
8.7 9.3 36.2 34.9 63.8 80.5 8.9 2.4 26.6 20.1
(chlorpropham) x2
Anthem, then 9.0 67| 308| 262| 635| 801| 94| 26| 369| 36.1
(AHDB9993) x2 ’ ’ ’ ’ ’ ’ ’ ’ ' ’
Anthem, then 6.3 8.0 35.0 32.9 68.9 87.1 9.9 3.0 33.1 29.9
(AHDB9981) x2 : : : : : ' : : : '
Anthem, then
(Stomp Aqua + 9.0 8.0 31.6 27.5 45.5 50.9 11.9 4.3 24.9 17.7
aclonifen) x2
Anthem, then 8.7 70| 251 | 180/| 56.3 69.3| 79| 19| 284| 226
(Stomp Aqua +




Mean crop )
damage (0-10) Mean weed cover (%)
it i) 22" Jun 27 Jul 29t June 30t Aug
ite ite
Trt. No. (6 weeks) (11 weeks) (6 weeks) (15 weeks)
12th 13th
July July Back- Back- Back- Back-
9 8 Ang trans Ang. trans Ang. trans Ao trans
weeks) | weeks)
Hurricane SC) x2
Anthem, then
(Stomp Aqua + 8.0 8.3 321 28.2 70.3 88.7 11.4 3.9 29.9 24.9
AHDB9993) x2
p value NS NS 0.011 0.008 <0.001 <0.001
d.f. 39 39 39 39 39 39
L.S.D. 1.807 3.057 9.622 13.51 9.495 18.36
Conclusion

At pre-emergence, products Emerger 1.5 L/ha, Hurricane SC 0.1 L/ha, chlorpropham
2.8 L/ha, AHDB9998, AHDB9999 and AHDB9917 gave a significant reduction in
percentage weed cover for up to six weeks after application

AHDB9999 was one of the best performing pre-emergence products in both trials, while
Hurricane SC 0.1 L/ha and AHDB9998 performed well at Site 1, and chlorpropham and
AHDB9917 performed well at Site 2.

This indicates that it is important to select the appropriate herbicide for the anticipated
target weed spectrum to gain the best efficacy.

At post-emergence, treatments Emerger 0.5 L/ha and Anthem1.5 L/ha + Emerger 0.5
L/ha and Anthem 1.5 L/ha + Hurricane SC 0.05 L/ha gave a significant reduction in
percentage weed cover for up to three weeks after application at Site 1, and seven
weeks after application at Site 2.

There were no reductions in plant population, and no persistent foliar effects. However,
there were some transient crop effects after the post-emergence applications from
Emerger (aclonifen), Hurricane SC (diflufenican) and AHDB9981. This occurred after
the first post-emergence application and persisted until two weeks after the second
post-emergence application. Emerger gave a yellow spotting on the leaves, Hurricane
gave interveinal bleaching or chlorosis and stunting, and AHDB9981 gave yellow areas
on the leaves.

Take home message

Emerger is authorised under EAMU 1601/19 for pre-emergence use on parsnip and is a useful
addition to programmes which growers can use immediately, but it has only been tested in tank-
mix with pendimethalin, and other mixes would need to be tested carefully before use on a
large area of crop. A post-emergence EAMU authorisation for Emerger would also improve
weed control, and it was one of the best performing products at this timing.

Authorisations for pre-emergence use of Hurricane SC, chlorpropham, AHDB9998, AHDB9999
and AHDB9917 would improve weed control for parsnip growers, while AHDB9981 and
Hurricane SC would be useful post-emergence products to pursue for EAMUs.




Objectives

To compare a number of herbicide tank-mixes applied at one of two application timings (pre-
emergence or post-emergence) for selectivity (crop safety) and efficacy in parsnips, compared
with the commercial standard pre-emergence tank-mix (pendimethalin).

Trial conduct
UK regulatory guidelines were followed but EPPO guideline took precedence. The following
EPPO guidelines were followed:

_— Variation from
Relevant EPPO guideline(s) EPPO
EPPO PP1/135(4) | Phytotoxicity assessment None
EPPO PP1/152(4) tGluildeline on design and analysis of efficacy evaluation None
rials
EPPO PP1/181(4) | Conduct and reporting of efficacy evaluation trials None
including good experimental practice
EPPO PP1/214(3) | Principles of acceptable efficacy None
EPPO PP1/224(2) |Principles of efficacy evaluation for minor uses None
EPPO PP1/225(2) | Minimum effective dose None
PP 1/99(3) Weeds in root vegetables Two (see below)

There were two deviations from EPPO guidance:
PP1/99(3) Section 1.4, Design and lay-out of trial:

“Replicates: at least 4”

Study only had 3 replicates — the large number of treatments provides an acceptable
number of residual degrees of freedom.

“For seeded crops the whole net plot is harvested”

Only 100 roots were harvested for root quality assessments as yield was not being
assessed

Test site
Iltem Details
Location address Site 1 Site 2
Field: off Fordham Rd Field: off A60
Freckenham T. Hammond & sons
Suffolk New Farm
IP28 8JB Arnold, Nottingham
Grid reference: TL 65900 72200 NG5 8PB
Grid reference: SK 57017 50030
Crop Parsnip
Cultivar Javelin
Soil or substrate type | Freely draining lime-rich loamy Freely draining slightly acid sandy
soils soils
Agronomic practice See Appendix
Prior history of site See Appendix

Trial design
Item Details
Trial design: Fully randomised block
Number of replicates: 3
Row spacing: 72" beds (4 double lines, 13” row spacing)
Plot size: (w x I) 2mx8m
Plot size: 16 m?2
Number of plants per plot: N/K




Treatment details

Content of
AHDB Code Product name Active Formulation active Formulation
substance batch number substance type
(glL) _
N/A Anthem pendimethalin N/K 400 ggﬁggﬂfr';’t”e
aclonifen Emerger aclonifen EV56006446 600 Cs:ziz:?lfrigpe
AHDB9917 N/D N/D N/D N/D | N/D
AHDB9993 N/D N/D N/D N/D | N/D
AHDB9999 N/D N/D N/D N/D | N/D
AHDB9998 N/D N/D N/D N/D | N/D
N/A Flexidor 500 isoxaben FO06H41002 500 g‘;ﬁ‘;‘;ﬁfr'gpe
N/A Goltix metamitron 17108259 700 ggﬁggﬂfr';’t”e
N/A Hurricane SC | diflufenican 15068154 500 g‘;ﬁg‘:ﬂi‘g{‘e
chlorpropham | Intruder chlorpropham 543H 400 (E;Ln#ései::targltz
AHDB9981 N/D N/D N/D N/D | N/D
. . Capsule
N/A Stomp Aqua pendimethalin 0016724770 455 Suspension
AHDB9918 N/D N/D N/D N/D | N/D
Application schedule
Trt. | Treatment: product name | Rate of active substance(s) | Rate of product | Timing
No. or AHDB code (g/ha) (L/ha)
1 - -
Untreated N/A
2 | Untreated - -
3 | Anthem 1320 3.3
4 Anthem + 1320 3.3
Goltix 1400 2.0
5 Anthem + 1320 3.3
Emerger 900 1.5
6 Anthem + 1320 3.3
Hurricane SC 50 0.1
7 Anthem + 1320 3.3
chlorpropham 1120 2.8
8 Anthem + 1320 3.3 A B
Flexidor 500 37.5 0.075 '
9 Anthem + 1320 3.3
AHDB9998 1344 14
10 Anthem + 1320 3.3
AHDB9918 240 0.48
1 Anthem + 1320 3.3
AHDB9999 800 1.0
12 Anthem + 1320 3.3
AHDB9917 N/K 0.7
Anthem 1320 3.3
13 | Emerger 300 0.5 C
Emerger 300 0.5 D




Trt. | Treatment: product name Rate of active substance(s) | Rate of product| Timing
No. | or AHDB code (g/ha) (L/ha)
Anthem 1320 33] A
14| Hurricane SC 25 005/ C
Hurricane SC 25 0.05 D
Anthem 1320 33| A
15 | chlorpropham 720 1.8 C
chlorpropham 720 1.8 D
Anthem 1320 33] A
16 | AHDB9993 160 1.0/ C
AHDB9993 160 1.0 D
Anthem 1320 33] A
17 | AHDB9981 112.5 0.25 C
AHDB9981 112.5 0.25 D
Anthem 1320 3.3 A
Stomp Aqua + 682.5 1.5 c
18 | aclonifen 300 0.5
Stomp Aqua + 682.5 1.5 D
aclonifen 300 0.5
Anthem 1320 3.3 A
Stomp Aqua + 682.5 1.5 c
19 | Hurricane SC 25 0.05
Stomp Aqua + 682.5 1.5 D
Hurricane SC 25 0.05
Anthem 1320 3.3 A
Stomp Aqua + 682.5 1.5 c
20 | AHDB9993 160 1.0
Stomp Aqua + 682.5 1.5 D
AHDB9993 160 1.0
* grower standard
Application details
Site 1 Timing A Timing B Timing C Timing D
Application date 09/05/2018 18/05/2018 15/06/2018 28/06/2018
Time of day 09:45-11:00 10:44-11:00| 16:50—-17:50| 15:50 —16:50
CED R ST BBCH12 BBCH14
(Max, min average pre-chit pre-em (2TL) (4TL)
BBCH)
e sk N/A N/A 5 8
(cm)
ff,/:,‘)’p CoNSiSge N/A N/A 15 30
Application Method spray spray spray spray
Application Placement soil soil foliar foliar
Application equipment Oxford Oxford Oxford Oxford
Precision Precision Precision Precision
Sprayer Sprayer Sprayer Sprayer
(knapsack) (knapsack) (knapsack) (knapsack)
Nozzle pressure 2.4 2.4 2.4 2.4
Nozzle type Flat fan Flat fan Flat fan Flat fan
Nozzle size 02-F110 02-F110 02-F110 02-F110




Site 1 Timing A Timing B Timing C Timing D
Application date 09/05/2018 18/05/2018 15/06/2018 28/06/2018
Application water 200 200 200 200
volume (L/ha)
Temperature of air —
shade 16.2-21.0 14.0-15.1 20.9-21.0 25.7-26.0
(OC) - - -
('?,Z;at"’e humidity 62.0-636| 60.1-637| 46.0-479|  51.5-523
Wind speed range 20-73 26-33 6.1-8.1 5.9
(mph)
Dew presence
(YIN) N N N N
Temperature of soil -
10cm 17.0 14.0 18.9 23.0
(°C) _
\éVr:tness of soil - 2-5 dry dry dry dry
Cloud cover
(%) 15 40 N/K 50
Site 2 Timing A Timing B Timing C Timing D
Application date 19/05/2018 31/05/2018 29/06/2018 14/07/2018
Time of day 12:00 — 13:00 10:50 - 12:00| 11:00-12:00| 11:00 —11:45
?I\z(a)g, gn:%vg\?e?;;ge pre-chit pre-em BBC'&E}B BBCZ‘JS:IJLG;
BBCH)
e (e N/A N/A 15 30
(cm)
(cf,/")’p T N/A N/A 60 80
(o]
Application Method spray spray spray spray
Application Placement soil soil foliar foliar
Application equipment Oxford Oxford Oxford Oxford
Precision Precision Precision Precision
Sprayer Sprayer Sprayer Sprayer
(knapsack) (knapsack) (knapsack) (knapsack)
Nozzle pressure 2.0 2.0 2.0 2.0
Nozzle type Flat fan Flat fan Flat fan Flat fan
Nozzle size 03-F110 03-F110 03-F110 03-F110
Application water 250 250 250 250
volume (L/ha)
LR i 22.4-23.0 176-178| 250-255| 259-26.9
shade (°C)
(Ro/‘:;at"’e Tl 46.4-470|  98.3-99.1 44.4-450|  46.5-48.4
UL SfFERE M 2.7-4.0 16-2.0 26-37 3545
(mph)
Dew presence
(YIN) N N N N
Temperature of soil -
10cm (°C) 19.4 18.1 24.4 23.3
\éVr:tness of soil - 2-5 Dry Damp Dry Damp
Cloud cover 5 100 0 50

(%)




Levels of pests/pathogens at application and through the assessment
period (untreated averages)

Site 1
Weed level Weed level mid- | Weed level at end
Common | Scientific EPPO . assessment of assessment
at first . .
name Name Code assessment period period
(4 weeks) (15 weeks)
Broad
leaved NA | 3WEEDT 16.9% 29.8% 71.3%
weeds and
grasses
Site 2
Weed level at Weed level mid- | Weed level at end
Common | Scientific EPPO first assessment of assessment
name Name Code assessment period period
(6 weeks) (15 weeks)
Broad
leaved NA | 3WEEDT | 125 plants/m? 51.9% 75.3%
weeds and
(30%)
grasses
Assessment details
Trial 1:
Evaluation |Evaluation Crop Evaluation | What was assessed and how (e.g. dead or
date Timing (DA)* | Growth | type live pest; disease incidence and severity;
Stage |(efficacy, |yield, marketable quality)
(BBCH) | phytotox)
28/05/2018 19 10 efficacy | Percentage of weed cover (whole plot score)
phytotox | Phytotox (scale 0-10, 0 = Dead)
Weed species
06/06/2018 28 11 plant | Plant counts (count per m as counts of 2 rows
population | either side of a 0.5 m ruler)
14/06/2018 36 12 efficacy | Percentage of weed cover (whole plot score)
phytotox | Phytotox (scale 0-10, 0 = Dead)
22/06/2018 44 13 efficacy | Percentage of weed cover (whole plot score)
phytotox | Phytotox (scale 0-10, 0 = Dead)
pop. count | Plant counts (count per m as counts of 2 rows
either side of a 0.5 m ruler)
12/07/2018 64 14 efficacy | Percentage of weed cover (whole plot score)
phytotox | Phytotox (scale 0-10, 0 = Dead)
27/07/2018 79 42 efficacy | Percentage of weed cover (whole plot score)
phytotox | Phytotox (scale 0-10, 0 = Dead)
22/08/2018 105 46 efficacy | Percentage of weed cover (whole plot score)
phytotox | Phytotox (scale 0-10, 0 = Dead)

No harvest assessment for fanging as there was too much weed competition at the final harvest
which would have confounded results

" DA — days after application




Trial 2:

Evaluation | Evaluation |Crop Evaluation | What was assessed and how (e.g. dead or
date Timing (DA)* | Growth | type live pest; disease incidence and severity;
Stage |(efficacy, |yield, marketable quality)
(BBCH) | phytotox)
18/06/2018 32 12 efficacy | Weed counts, total and species (3x quadrats)
plant | Plant counts (count per m as counts of 2 rows
population | either side of a 0.5 m ruler)
29/06/2018 41 12-13 efficacy | Percentage of weed cover (whole plot score)
phytotox | Phytotox (scale 0-10, 0 = Dead)
13/07/2018 55| 15-16 efficacy | Percentage of weed cover (whole plot score)
phytotox | Phytotox (scale 0-10, 0 = Dead)
01/08/2018 74 42 efficacy | Percentage of weed cover (whole plot score),
Percentage main weed species (3x quadrats)
plant | Plant counts (count per m as counts of 2 rows
population | either side of a 0.5 m ruler)
17/08/2018 90 46 efficacy | Percentage of weed cover (whole plot score),
Percentage main weed species (3x quadrats)
30/08/2018 103 48 efficacy | Percentage of weed cover (whole plot score),
Percentage main weed species (3x quadrats)
26/10/2018 160 49 fanging | No. of fanged roots, and deformed roots at
root quality | harvest

" DA — days after application

Statistical analysis

The trials had randomised block designs, each with treatments replicated three times. Both
comprised twenty treatments, including two untreated controls and a grower standard
treatment. Split plots were included, but only for the pre-emergence applications (treatments 3-
13) to investigate the effect of application of the residual herbicides before (Timing A) and after
(Timing B) the seed had chitted. Only the data from the plot area treated at Timing A was
analysed. Timing B was only demonstrated on grower open days, and brief comments noted.

As the distribution of weeds was uneven across each trial—which is not unexpected in field
situations—there was a need to transform this data prior to analysis. To determine treatment
efficacy, an angular transformation was performed then the back transformed means
presented, from which the % reduction in weeds was calculated using Abbotts formula.

All data were analysed by ANOVA using Genstat 18.4 by Emily Lawrence at RSK ADAS.




Results

Phytotoxicity

Phytotoxicity results are presented in Table 2 and 3, and Figure 1. These were scored on a
scale from 0 to 10, with 0 being ‘dead’, and 10 being ‘no effect’. Plots scored 8 or above were
deemed to have a commercially acceptable level of damage.

Phytotoxicity was recorded using the following scale:

Crop tolerance score | Equivalent to crop damage (% phytotoxicity)

(complete crop kill) 100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
10 (no damage) 0%
* 28 = acceptable damage, i.e. damage unlikely to reduce yield and acceptable to the farmer.
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Assessment of phytotoxicity at both of the trial sites was difficult after mid-July due to the high
weed levels in the plots, and confounding effects of stunting caused by this competition.
However, there was no crop loss seen in the assessments completed before this point. The
main crop effects seen were chlorosis, scorch or stunting, all of which were transient and not
noted at any of the later efficacy assessments.

In the pre-emergence treatments; at the final assessment in July there were no effects seen on
the crop at Site 1, and the scores below eight at Site 2 were from stunting caused by increased
weed levels in those plots rather than effects from treatments. The only treatment to show a
moderate phytotoxicity score at Site 1 was Anthem 3.3 L/ha + Hurricane SC 0.1 L/ha, where
interveinal chlorosis was seen at three weeks after the pre-emergence application. This was
transient, and the crop had grown through the effect by the next assessment two weeks’ later.

At four weeks after the final post-emergence application at Site 1, only plots treated with
AHDB9981 still showed a crop effect—yellow clouding of leaves. However, this was likely
transient, and crop vigour was unaffected. There were also transient crop effects from Emerger
(aclonifen) and Hurricane SC (diflufenican) which occurred after the first post-emergence
application and persisted until two weeks after the second post-emergence application.
Emerger gave a yellow spotting on the leaves, and Hurricane gave interveinal bleaching or
chlorosis and stunting. Only slight traces of these effects were present at a month after the final
application, and new growth was unaffected.



Table 2. Mean phytotoxicity scores at five dates throughout the Site 1 assessment period.
Values which fall under the score of 8 and would be deemed unacceptable are highlighted in
bold. (WAT = weeks after treatment). Post-emergence treatments applied 15" June and 28t

June.
Mean crop damage scores
Treatment 28t May 14 Jun 22" Jun 12t Jul 27t Jul
(3 weeks) (5 weeks) (6 weeks) (9 weeks) (11 weeks)
Untreated 9.83 10.00 10.00 9.83 10.00
Anthem 9.00 10.00 7.67 8.67 9.00
Anthem + 9.00 8.33 8.00 9.33 9.67
Goltix
Anthem + 8.00 9.33 8.33 9.67 10.00
aclonifen
Anthem + 6.00 9.67 8.00 9.67 10.00
Hurricane SC
Anthem * 9.00 10.00 8.67 9.33 10.00
chlorpropham
Anthem + 9.00 9.33 7.33 8.67 9.00
Flexidor 500
Anthem + 9.00 8.67 7.00 8.33 9.00
AHDB9998
Anthem +
9.00 9.33 7.67 9.33 10.00
AHDB9918
Anthem + 8.33 9.33 8.33 9.67 10.00
AHDB9999
Anthem +
8.67 10.00 7.33 9.33 10.00
AHDB9917
Anthem, then 9.00 9.33 7.33 8.00 8.67
(aclonifen) x2
Anthem, then 9.00 10.00 8.00 7.67 8.67
(Hurricane SC) x2
Anthem, then 9.00 10.00 8.33 8.67 9.67
(chlorpropham) x2
Anthem, then 9.00 9.00 8.33 9.00 9.67
(AHDB9993) x2
Anthem, then 8.00 10.00 7.67 6.33 7.33
(AHDB9981) x2
Anthem, then
(Stomp Aqua + 9.00 8.00 8.33 9.00 9.33
aclonifen) x2
Anthem, then
(Stomp Aqua + 9.00 10.00 8.00 8.67 9.33
Hurricane SC) x2
Anthem, then
(Stomp Aqua + 8.33 10.00 8.00 8.00 9.00
AHDB9993) x2
F prob. value <0.001 NS <0.001 NS 0.082
d.f. 39 39 39 39 39
L.S.D. 0.9590 1.395 0.8436 1.807 1.349

() = post-emergence treatment
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Figure 1. Mean phytotoxicity (0-10) at three assessment dates throughout the trial at Site 1.
Scores of 8 or above (marked by red line) deemed acceptable damage.

Table 3. Mean phytotoxicity scores at two dates throughout the Site 2 assessment period.
Values which fall under the score of 8 and would be deemed unacceptable are highlighted in
bold. (WAT = weeks after treatment). Post-emergence treatments applied 29t June and 14t
July.

Mean crop damage scores
Treatment 29t Jun 13thJul
(6 weeks) (8 weeks)
Untreated 10.0 10.0
Anthem 9.0 7.3
Anthem + 8.3 8.3
Goltix
Anthem + 8.3 9.7
aclonifen
Anthem + 87 7.3
Hurricane SC
Anthem + 9.0 7.0
chlorpropham
Anthem + 87 7.3
Flexidor 500
Anthem + 8.3 9.0
AHDB9998
Anthem +
. 7

AHDB9918 8.3 8
Anthem + 8.3 8.3
AHDB9999
Anthem +

9.0 9.3
AHDB9917
Anthem, then 97 8.7
(aclonifen) x2




Mean crop damage scores

Treatment 29t Jun 13thJul
(6 weeks) (8 weeks)
Anthgm, then 90 6.7
(Hurricane SC) x2
Anthem, then 93 93
(chlorpropham) x2
Anthem, then 8.3 6.7
(AHDB9993) x2
Anthem, then 8.7 8.0
(AHDB9981) x2
Anthem, then
(Stomp Aqua + 9.0 8.0
aclonifen) x2
Anthem, then
(Stomp Aqua + 9.0 7.0
Hurricane SC) x2
Anthem, then
(Stomp Aqua + 9.0 8.3
AHDB9993) x2
F prob. value 0.012 NS
d.f. 39 39
L.S.D. 0.9688 3.057
Plant population

Results from plant counts are presented in Table 4. There were no significant reductions in
plant population at Site 1 at either assessment. At Site 2, there were no significant differences
between the untreated and treatments at the first assessment, and no change in plant
population after post-ems were applied at the second assessment. At Site 1, the significant
differences at the second assessment were caused by a reduction in the plant population of
the untreated due to crop loss from weed competition, and therefore the results of this

assessment are confounded.

Table 4. Plant population at both sites, at two dates; first assessment before the first post-
emergence application, and the second after the final the post-emergence application.
Numbers in bold are significantly different to the untreated control, and numbers in italics are
where only the pre-emergence treatments would have affected the plots.

Plant population counts (plants/m/single row)
(counts are from a single row of the central double row)

Treatment Site 1 Site 2
6t June 22" June 18th June 1st August
(4 weeks) (6 weeks) (4 weeks) 11 weeks)
Untreated 13.2 19.3 8.5 6.1
Anthem 13.3 20.2 10.0 9.5
Anthem +
Goltix 13.2 21.3 9.2 6.7
Anthem +
aclonifen 13.5 19.5 10.3 10.3
Anthem +
Hurricane SC 12.8 21.2 10.2 7.3
Anthem +
chlorpropham 13.5 21.7 10.5 10.3
Anthem + 12.5 19.5 9.7 9.3




Plant population counts (plants/m/single row)
(counts are from a single row of the central double row)

Treatment Site 1 Site 2
6t June 22" June 18t June 1st August
(4 weeks) (6 weeks) (4 weeks) 11 weeks)
Flexidor 500
Anthem +
AHDB9998 11.2 18.0 10.3 8.5
Anthem +
AHDB9918 12.5 18.2 11.0 7.2
Anthem +
AHDB9999 13.0 24.5 11.2 11.5
Anthem +
AHDB9917 11.8 21.0 10.8 7.8
Anthem, then
(aclonifen) x2 12.7 20.7 10.8 10.2
Anthem, then
(Hurricane SC) x2 13.5 215 9.2 8.7
Anthem, then
(chlorpropham) x2 13.3 21.3 9.5 95
Anthem, then
(AHDB9993) x2 12.5 20.0 8.0 8.3
Anthem, then
(AHDB9981) x2 12.7 215 10.0 95
Anthem, then
(Stomp Aqua +
aclonifen) x2 14.0 21.2 8.8 8.1
Anthem, then
(Stomp Aqua +
Hurricane SC) x2 13.2 20.0 10.8 11.0
Anthem, then
(Stomp Aqua +
AHDB9993) x2 11.8 21.7 9.8 8.0
p value NS NS NS 0.005
d.f. 39 39 39 39
L.S.D. 3.016 3.140 2,722 2.784

() post-emergence treatment




Weed control — mean percentage weed cover

Site 1:

Weed cover results are presented in Table 5 and Figure 3. These figures were used to calculate
the percent reduction in weed cover compared to the untreated control (using Abbotts formula),
and these values are listed in Table 7.

Six treatments gave statistically significant reductions in weed cover up to the fifth assessment
at the end of July, at eleven weeks after the pre-emergence application and four weeks after
the post-emergence application. These were Anthem 3.3 L/ha + Hurricane 0.1 L/ha, Anthem +
AHDB9998, and Anthem + AHDB9999 at pre-emergence; and Anthem 3.3 L/ha then Emerger
applied twice, Anthem then Stomp 1.5 L/ha + Emerger 0.5 L/ha applied twice, and Anthem then
Stomp 1.5 L/ha + Hurricane 0.05 L/ha applied twice at post-emergence. However, weed cover
remained between 43% and 61% in these treatments, which is still at a level to cause yield
reduction. This is because in the dry spring and summer weed control was challenging at the
site, with little moisture for residual pre-emergence herbicides to work effectively, and it was
also difficult to time the post-emergence due to the slow growth of the parsnips. By the time the
crop reached the growth stage for the first application at two to three true leaves, the weeds
had reached small rosette stage (10 cm across) and would have been harder to control. The
site also had limited access to irrigation.

All pre-emergence treatments gave significant control of the weeds present for up to six weeks
after application, and at this point reduced weed levels by at least 43% when compared to the
untreated control (Table 7). With the exception of Flexidor 500 and AHDB9918, all the tank-mix
partners added a further 20.5-28.8% weed control over Anthem applied alone.

The weed spectrum at the site included black bindweed, fat hen and groundsel with some
volunteer oilseed rape, knotgrass, cranesbill, fumitory and volunteer potatoes.

Table 5. Mean percentage weed cover values (transformed) for Site 1. Post-emergence
treatments applied 15" June and 28 June.

Mean weed cover
28t May 14t Jun 22" Jun 12th Jul 27t Jul 22" Aug
Trt. No. (3 weeks) (5 weeks) (6 weeks) (9 weeks) (11 weeks) (15 weeks)
An Back- An Back- An Back- An Back- An Back- An Back-
9 trans 9 trans 9 trans 9 trans 9 trans 9 trans
Untreated” 170 | 85)|298| 247|415| 440|738| 923|752 | 935|713 | 897
Anthem 10.1 311212 1311315] 272|666 | 843|701 | 884|738 922
g”tl:‘,em+ 171 87|219| 140|246 | 173|610| 764]|660]| 835|720| 904
(0]11).4
Anthem + 97| 291148 65237 162]650| 821)705| 889|752| 935
aclonifen
Anthem +
' 135| 55|137| 56|224| 145|548| e67]|60.1| 751]|738| 922
Hurricane SC
Anthem + 103 | 32)170| s86l250| 179591 | 736]635| 802]720| 904
chlorpropham
Anthem + 93| 26]197| 114]300| 250)692| 874|720| 904|771 | 950
Flexidor 500
Anthem + 119| 43]192| 108240 | 165|340 | 312]431| 467|668 | 845
AHDB9998
Anthem + 143| 641|174 90|287| 231]|597| 746|671| 849|675| 853
AHDB9918
Anthem + 118 | 42)142| 60]226| 148|51.0| 604]552| 674|703 | 887
AHDB9999
Anthem + 153 | 70207 | 125|237 | 162|589 | 733|637| 803|734| o918
AHDB9917
Anthem, then
_ 167 | 83|204| 241]|322| 283]|509| 601|560| 688|787 | 96.1
(aclonifen) x2




Mean weed cover

28t May 14t Jun 22" Jun 12th Jul 27t Jul 22" Aug
Trt. No. (3 weeks) (5 weeks) (6 weeks) (9 weeks) (11 weeks) (15 weeks)
Ang Back- Ang Back- Ang Back- Ang Back- Ang Back- Ang Back-
trans trans trans trans trans trans
Anthem, then 176 | 91284 | 226|310 | 264]660| 835|681 | 86.1|738]| 922
(Hurricane SC) x2
Anthem, then 197 | 114)]259| 191|362 | 349]e638| s05]|675| 853|738| 922
(chlorpropham) x2
Anthem, then
17.7 9312438 17.6 ] 30.8 26.2 | 63.5 80.1 | 67.8 858|714 89.8
(AHDB9993) x2
Anthem, then 170| 86]302| 253|350| 329]e6s89| 871]|709| 893|752]| 935
(AHDB9981) x2
Anthem, then
(Stomp Aqua + 14.9 66|265| 199]316| 275|455| 509|513 610]787| 96.1
aclonifen) x2
Anthem, then
(Stomp Aqua + 13.3 531198 | 115|251 | 180|563 | 693]|613| 769|701 | 884
Hurricane SC) x2
Anthem, then
(Stomp Aqua + 13.7 56 240| 166321 | 282|703 | 887|738| 922752 | 935
AHDB9993) x2
F prob. value NS NS 0.011 0.001 0.008 NS
d.f. 39 39 39 39 39 39
L.S.D. 7.618 11.20 9.622 14.31 13.51 6.303

() post-emergence treatment
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Figure 2. Mean weed cover (%) at six assessment dates throughout the trial at Site 1.

Site 2:

Weed cover results are presented in Table 6 and Figure 4. These figures were used to calculate
the percent reduction in weed cover compared to the untreated control (using Abbotts formula),
and these values are listed in Table 8.

Seven pre-emergence treatments and the standard Anthem 3.3 L/ha gave a significant
reduction in the percentage of weed cover for up to 15 weeks after application. These were
Anthem with the addition of the following in a tank-mix; Goltix, Emerger, chlorpropham, Flexidor
500, AHDB9998, AHDB9999, or AHDB9917. These treatments also gave 5.1-46.9% greater
reduction in weed control than Anthem alone. Anthem 3.3 L/ha + chlorpropham 2.8 L/ha or the
coded products AHDB9999 and AHDB9917 were the three best performing pre-emergence
products in the trial.

All of the post-emergence treatments gave a significant reduction in weed cover for up to seven
weeks after the final application, and gave 59-81 % reduction in weed cover compared to the
untreated control (Table 8). The crop was irrigated and further forward than the Site 1 parsnip
crop and therefore the parsnips reached the target application timing of two to three true leaves
before the weeds got bigger than three to four true leaves (5 cm diameter); the weeds were
smaller and greater efficacy was gained from the better timing of application with respect to
weed growth stage.



The weed spectrum at the site included mainly redshank, black bindweed and groundsel, with
a little fat hen and fumitory. Weed levels fell after 15t August assessment, which would be due
to natural senescence of the groundsel.

Table 6. Mean percentage weed cover values (transformed) for Site 2. Post-emergence
treatments applied 29" June and 14% July.

Mean weed cover

29t June 13t July 1st Aug 17t Aug 30t Aug
Trt. No. (6 weeks) (8 weeks) (11 weeks) (13 weeks) (15 weeks)
Back- Back- Back- Back- Back-
Ang trans Ang trans Ang trans Ang trans Ang trans
Untreated” 519 6196 ] 576| 713| 875)] 9981| 79.3| 9658 | 753 | 9358
Anthem 10.9 | 362| 353 3336 | 53.4| 6438 501 | 5891| 43.0| 465
ggﬁgjw' 92| 254| 387 39016| 547 | 6658 41.1| 4316 | 37.2| 3658
Anthem + 79| 192| 461 | 5183| 683 | 86.31| 544 | 66.10| 40.5| 42.21
Emerger
Anthem +
' 147 | 649| 386| 3884 731 | 9156| 663 | 8381 | 63.1| 79.46
Hurricane SC
Anthem + 59| 108| 279| 2184| 480 | 5523 411 | 4325| 228 14.97
chlorpropham
Anthem + 87| 231| 460 5167| 61.4| 77.13]| 479 | 5500| 408 | 4268
Flexidor 500
Anthem + 74| 165| 285| 2283| 421 | 4494 463 | 5229| 380 37.92
AHDB9998
Anthem + 145| 6.28| 400 | 4132 679 | 8582| 605| 7576 | 574 | 71.00
AHDB9918
Anthem + 54| 08| 330]| 2072| 57.0| 7033 431 | 4665| 34.8]| 3264
AHDB9999
Anthem + 82| 200| 460 5167 57.7| 7151 | 439 | 4804| 34.8| 3255
AHDB9917
Anthem, then
13| 386| 420 4482 422| 4503| 26.0| 1924| 206 | 12.40
(Emerger) x2
Anthem, then
; 76| 174| 307 | 26.07| 382| 3827 431 | 4663| 381 | 3805
(Hurricane SC) x2
Anthem, then 89| 244| 460| 51.78| 473 | 5394 476 | 5451 | 26.6| 2005
(chlorpropham) x2
Anthem, then
94| 265| 294 | 2414 491 | 5720 482 | 5565| 36.9| 36.10
(AHDB9993) x2
Anthem, then
99| 300| 460 5167 59.1| 7358 41.1| 4324| 33.4| 2090
(AHDB9981) x2
Anthem, then
(Stomp Aqua + 19| 428| 528 6340 54.0| 6538 | 36.1| 3465| 249 17.74
Emerger) x2
Anthem, then
(Stomp Aqua + 79| 192| 275 2135 489 | 5672 39.5| 4045| 28.4 | 2259
Hurricane SC) x2
Anthem, then
(Stomp Aqua + 11.4| 389| 469 5339 567 | 69.91| 459 | 5152| 209 | 2492
AHDB9993) x2
F prob. value <0.001 NS <0.001 <0.001 <0.001
d.f. 39 39 39 39 39
L.S.D. 9.495 22.20 19.41 17.66 18.36

() post-emergence treatment
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Figure 4. Mean weed cover (%) at six, eight, eleven, thirteen and fifteen weeks after

treatment application to Site 2.

Weed control - % weed reduction — Abbotts formula

Table 7. Percentage reduction in weed cover compared to the untreated control at six
assessment dates throughout the trial at Site 1 — values highlighted in red show an increase in

weed cover.
Weed cover reduction (%)
Treatment 28t May 14t Jun 22" Jun 12th Jul 27 Jul 22" Aug

(3 weeks) (5 weeks) | (6weeks) | (9weeks) | (11 weeks) | (15 weeks)
Anthem 64.1 47 1 38.1 8.7 54 -2.8
Anthem +
Goltix -1.7 43.5 60.6 171 10.7 -0.7
Anthem +
Emerger 66.4 73.7 63.2 11.0 4.9 -4.2
Anthem +
Hurricane SC 35.7 77.3 67.1 27.7 19.6 -2.8
Anthem +
chlorpropham 62.1 65.3 594 20.3 14.2 -0.7
Anthem +
Flexidor 500 69.5 53.9 431 5.2 3.3 -5.9
Anthem +
AHDB9998 497 56.1 62.5 66.2 50.1 5.8




Weed cover reduction (%)

Treatment 28t May 14t Jun 22" Jun 12th Jul 27 Jul 22" Aug

(3 weeks) (5 weeks) | (6weeks) | (9weeks) | (11 weeks) | (15 weeks)

Anthem +

AHDB9918 28.3 63.6 474 19.2 9.2 4.9

Anthem +

AHDB9999 51.2 75.7 66.4 34.5 27.9 1.2

Anthem +

AHDB9917 18.0 49.5 63.1 20.6 14.1 -2.3

Anthem, then

(Emerger) x2 2.8 2.4 35.6 34.8 26.4 =71

Anthem, then

(Hurricane SC) x2 -7.3 8.4 39.9 9.5 7.9 -2.8

Anthem, then

(chlorpropham) x2 -33.9 22.7 20.5 12.8 8.7 -2.8

Anthem, then

(AHDB9993) x2 -8.8 28.9 40.4 13.2 8.3 -0.1

Anthem, then

(AHDB9981) x2 -0.6 -2.4 25.2 5.6 4.5 -4.2

Anthem, then

(Stomp Aqua +

Emerger) x2 22.8 194 374 44.8 34.8 =71

Anthem, then

(Stomp Aqua +

Hurricane SC) x2 37.7 53.4 59.0 24.9 17.7 1.5

Anthem, then

(Stomp Aqua +

AHDB9993) x2 34.4 32.8 35.8 3.9 14 -4.2

() post-emergence treatment

Table 8. Percentage reduction in weed cover compared to the untreated control at six, eight,
eleven, thirteen and fifteen weeks after treatment application to Site 2.

Weed cover reduction (%)
Treatment 29 June 13th July 1st Aug 17t Aug 30t Aug

(6 weeks) (8 weeks) (11 weeks) | (13 weeks) | (15 weeks)
Anthem 9417 53.21 35.50 39.00 50.31
Anthem +
Goltix 95.90 45.08 33.29 55.31 60.91
Anthem +
Emerger 96.91 27.31 13.53 31.56 54.89
Anthem +
Hurricane SC 89.53 45.53 8.27 13.22 15.09
Anthem +
chlorpropham 98.25 69.37 44.66 55.22 84.00
Anthem +
Flexidor 500 96.27 27.53 22.72 43.05 54.39
Anthem +
AHDB9998 97.33 67.98 54.97 45.86 59.48
Anthem +
AHDB9918 89.86 42.05 14.02 21.56 2413




Weed cover reduction (%)
Treatment 29t June 13th July 1st Aug 17t Aug 30t Aug

(6 weeks) (8 weeks) (11 weeks) | (13 weeks) | (15 weeks)
Anthem +
AHDB9999 98.56 58.32 29.54 51.70 65.12
Anthem +
AHDB9917 96.77 27.53 28.35 50.26 65.22
Anthem, then
(Emerger) x2 93.78 37.14 54.88 80.08 86.75
Anthem, then
(Hurricane SC) x2 97.20 63.44 61.66 51.72 59.34
Anthem, then
(chlorpropham) x2 96.07 27.38 45.96 43.56 78.57
Anthem, then
(AHDB9993) x2 95.73 66.14 42.69 42.38 61.42
Anthem, then
(AHDB9981) x2 95.16 27.53 26.28 55.23 68.05
Anthem, then
(Stomp Aqua +
Emerger) x2 93.09 11.08 34.50 64.12 81.04
Anthem, then
(Stomp Aqua +
Hurricane SC) x2 96.91 70.06 43.17 58.12 75.86
Anthem, then
(Stomp Aqua +
AHDB9993) x2 93.71 25.12 29.96 46.66 73.37

() post-emergence treatment

Fanging — Site 2 only

Due to missing values in the untreated plots—which could not be included as the parsnips were
very small and deformed due to weed competition, rather than treatment effect—the trial design
became unbalanced and was analysed by regression instead of ANOVA (using Genstat). There
were no significant differences and no more than a mean of 1.3% fanged parsnips in the highest
scoring treatment.

Discussion

The weed spectrums at both sites were similar, but the proportions of the main weed species
at each site were different. At Site 1, black bindweed and fat hen were dominant, with a little
groundsel and some volunteer oilseed rape, knotgrass, cranesbill, fumitory and volunteer
potatoes. At Site 2, there was mainly redshank and black bindweed with a greater amount of
groundsel than Site 1, with a little fat hen and fumitory.

Although there were significant reductions in percentage weed cover at each site, these
differences in species proportions highlighted some differences in product performance. For
example, Anthem 3.3 L/ha + Hurricane SC 0.1 L/ha gave a significant reduction in percentage
weed cover at Site 1, but was not one of the best performing products at Site 2. There was a
higher proportion of groundsel at Site 2 and Hurricane SC has a weakness on groundsel
control, accounting for the difference. Therefore, while a number of products gave a significant
reduction in percentage weed cover compared to the untreated control, consideration needs to
be given to target the weed species present at the site to gain the greatest efficacy, as many of
the novel products in the trial have narrower weed spectrums.



The lower persistence of efficacy at Site 1 due to the restricted irrigation at the site in a dry
spring also shows the importance of moisture for pre-emergence residual herbicides to work to
their full potential. At this site, only three pre-emergence treatments gave statistically significant
reductions in weed cover at eleven weeks after application at the end of July. These were;
Anthem 3.3 L/ha + Hurricane 0.1 L/ha, Anthem + AHDB9998 and Anthem + AHDB9999.
Despite a significant reduction, weed cover was still between 43% and 61% in these treatments,
which would still be at a level to cause yield reduction.

However, at earlier assessments all pre-emergence treatments gave significant control of the
weeds present for up to six weeks after application, and at this point reduced weed levels by at
least 43% when compared to the untreated control. With the exception of Flexidor 500 and
AHDB9918, all the tank-mix partners added a further 20.5-28.8% weed control over Anthem
applied alone. Therefore Emerger, Hurricane SC, chlorpropham, AHDB9998, AHDB9999 and
AHDB9917 would be useful alternative tank-mix partners to Goltix (metamitron).

At Site 2, seven pre-emergence treatments and the standard Anthem 3.3 L/ha gave a
significant reduction in the percentage of weed cover for up to fifteen weeks after application.
These were Anthem with the addition of the following in a tank-mix; Goltix, Emerger,
chlorpropham, Flexidor 500, AHDB9998, AHDB9999, or AHDB9917. These treatments also
gave 5.1-46.9% greater reduction in weed control than Anthem alone. Anthem 3.3 L/ha +
chlorpropham 2.8 L/ha or the coded products AHDB9999 and AHDB9917 were the three best
performing pre-emergence products in this trial. This site had access to irrigation and therefore
the residual herbicides were able to work more effectively.

The pre-emergence treatments still left a moderate percentage of weed, even after significantly
reducing weed levels. As no products are currently authorised for post-emergence use in
parsnips, options are urgently required for approval. While alternative approaches such as inter-
row weeding are available, these are not always appropriate and herbicides are still required.
Anthem 3.3 L/ha then Emerger 0.5 L/ha applied twice, Anthem then Stomp 1.5 L/ha + Emerger
0.5 L/ha applied twice and Anthem then Stomp 1.5 L/ha + Hurricane 0.05 L/ha gave significant
control at both sites reducing weed levels by up to 25-34% at Site 1, and 75-86% at Site 2. The
lower efficacy at Site 1 was because it was difficult to time the post-emergence application due
to the slow growth of the parsnips and by the time the crop reached the growth stage for the 1t
application at two to three true leaves, the weeds had reached small rosette stage (10 cm
across) and were harder to control.

Assessment of phytotoxicity at both of the trial sites was difficult after mid-July due to the high
weed levels in the plots, and confounding effects of stunting caused by this competition.
However, there was no crop loss seen in the assessments completed before this point. The
main crop effects seen were chlorosis, scorch or stunting, all of which would likely be transient,
and were not noted at any of the later efficacy assessments.

In the pre-emergence treatments; at the final assessment in July there were no effects seen on
the crop at Site 1, and the scores below eight at Site 2 were from stunting caused by increased
weed levels in those plots rather than effects from treatments. The only treatment to show a
moderate phytotoxicity score at Site 1 was Anthem 3.3 L/ha + Hurricane SC 0.1 L/ha where
interveinal chlorosis was seen at three weeks after the pre-emergence application. This was
transient, and the crop had grown through the effect by the next assessment two weeks’ later.

At four weeks after the final post-emergence application at Site 1, only plots treated with
AHDB9981 still showed a crop effect—yellow clouding of leaves. However, this would be likely
to be transient, and crop vigour was unaffected. There were also transient crop effects from
Emerger (aclonifen) and Hurricane SC (diflufenican) which occurred after the first post-
emergence application and persisted until two weeks after the second post-emergence
application. Emerger gave a yellow spotting on the leaves, and Hurricane gave interveinal
bleaching or chlorosis and stunting. Only slight traces of these effects were present at a month
after the final application, and new growth was unaffected.



There were no significant reductions in plant population at Site 1 at either assessment. At Site
2, there were no significant differences between the untreated and treatments at the first
assessment, and no change in plant population after post-ems were applied at the second
assessment. At Site 1, the significant differences at the second assessment were caused by a
reduction in the plant population of the untreated due to crop loss from weed competition, and
therefore the results of this assessment are confounded.

Emerger is authorised under EAMU 1601/19 for pre-emergence use on parsnip and is a useful
addition to programmes which growers can use immediately, but it has only been tested in tank-
mix with pendimethalin, and other mixes would need to be tested carefully before use on a
large area of crop. A post-emergence EAMU authorisation for Emerger would also be very
useful and it was one of the best performing products at this timing.

Authorisations for pre-emergence use of Hurricane SC, chlorpropham, AHDB9998, AHDB9999
and AHDB9917 would improve weed control for parsnip growers, while AHDB9981 and
Hurricane SC would be useful post-emergence products to pursue for EAMUSs.

Conclusions
e At pre-emergence, products Emerger 1.5 L/ha, Hurricane SC 0.1 L/ha, chlorpropham
2.8 L/ha, AHDB9998, AHDB9999 and AHDB9917 gave a significant reduction in
percentage weed cover for up to six weeks after application

e AHDB9999 was one of the best performing pre-emergence products in both trials, while
Hurricane SC 0.1 L/ha and AHDB9998 performed well at Site 1, and chlorpropham and
AHDB9917 performed well at Site 2.

¢ This indicates that it is important to select the appropriate herbicide for the anticipated
target weed spectrum to gain the best efficacy.

e At post-emergence, treatments Emerger 0.5 L/ha and Anthem1.5 L/ha + Emerger 0.5
L/ha and Anthem 1.5 L/ha + Hurricane SC 0.05 L/ha gave a significant reduction in
percentage weed cover for up to three weeks after application at Site 1, and seven
weeks after application at Site 2.

e There were no reductions in plant population, and no persistent foliar effects. However,
there were some transient crop effects after the post-emergence applications from
Emerger (aclonifen), Hurricane SC (diflufenican) and AHDB9981. This occurred after
the first post-emergence application and persisted until two weeks after the second
post-emergence application. Emerger gave a yellow spotting on the leaves, Hurricane
gave interveinal bleaching or chlorosis and stunting, and AHDB9981 gave yellow areas
of the leaves.
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Appendix

a.

Crop diary — events related to growing crop

Site 1:
Crop Cultivar Planting date Row width (m)
Parsnip Javelin 08/05/2018
Previous cropping
Year Crop
2018
2017
2016
2015
Cultivations
Date Description Depth (cm)

Active ingredients(s)/fertiliser(s) applied to trial area

Date

Product

Rate (kg/ha)

Pesticides applied to trial area

Date

Product

Rate (L/ha)

Details of irrigation regime

Date Type, rate and duration | Amount applied (mm)

Site 2:
Crop Cultivar Drilling date Row width (m)
Parsnip Javelin

Previous cropping

Year

Crop

2018

2017

2016

2015




Cultivations
Date

Description Depth (cm)

Active ingredients(s)/fertiliser(s) applied to trial area
Date Rate (kg/ha)

Product

Pesticides applied to trial area
Date

Product Rate (L/ha)

Details of irrigation regime
Date

Type, rate and duration | Amount applied (mm)

b. Table showing sequence of events by date — this relates to treatments and assessments.

Site 1:
Date Event
08/05/2018 | Crop drilled.
09/05/2018 | Pre-emergence treatments applied to main plots.
18/05/2018 | Pre-emergence treatments applied to split plots.
28/05/2018 | Trial assessment — weed cover and phytotoxicity.
06/06/2018 | Trial assessment — crop population count.
14/06/2018 | Trial assessment — weed cover and phytotoxicity.
15/06/2018 | First post-emergence treatments applied to main plots.
22/06/2018 | Trial assessment — weed cover, phytotoxicity, and crop population count.
28/06/2018 | Second post-emergence treatments applied to main plots.
12/07/2018 | Trial assessment — weed cover and phytotoxicity.
27/07/2018 | Trial assessment — weed cover and phytotoxicity.
22/08/2018 | Trial assessment — weed cover and phytotoxicity.




Site 2:

Date Event

13/05/2018  (Crop drilled.

19/05/2018  |Pre-emergence treatments applied to main plots.

31/05/2018  |Pre-emergence treatments applied to split plots.

20/06/2018  [Trial assessment — weed cover, phytotoxicity and plant population count

29/06/2018  [Trial assessment — weed cover and phytotoxicity
First post-emergence treatments applied to plots

14/07/2018  |[Trial assessment — weed cover and phytotoxicity
Second post-emergence treatments applied to plots

02/08/2018  [Trial assessment — weed cover and plant population count

30/08/2018  [Trial assessment — weed cover

25/08/2018 100 roots dug and harvested per plot for fanging assessment

26/10/2018 Trial assessment — fanging of roots

c. Climatological data during study period from each site.
Site 1 - Norfolk



D Temperature °C | Temperature °C Rainfall*
ate L. .
(minimum) (maximum) (mm)

08/05/2018 16.0 30.0
09/05/2018 8.0 24.0
10/05/2018 9.5 19.5
11/05/2018 7.5 20.5
12/05/2018 8.5 19.0
13/05/2018 9.5 18.0
14/05/2018 6.5 18.5
15/05/2018 6.0 22.5
16/05/2018 8.0 14.0
17/05/2018 4.5 18.0
18/05/2018 3.5 20.0
19/05/2018 3.0 23.5
20/05/2018 8.0 24.0
21/05/2018 7.0 27.0
22/05/2018 8.0 21.5
23/05/2018 9.5 20.5
24/05/2018 10.5 27.0
25/05/2018 12.0 20.0
26/05/2018 13.5 25.0
27/05/2018 12.5 27.5
28/05/2018 12.5 27.5
29/05/2018 12.0 22.0
30/05/2018 12.0 18.5
31/05/2018 13.5 24.5
01/06/2018 15.5 26.0
02/06/2018 17.0 27.0
03/06/2018 13.0 26.5
04/06/2018 13.0 17.5
05/06/2018 9.5 19.0
06/06/2018 6.5 24.0
07/06/2018 9.0 22.5
08/06/2018 9.5 22.5
09/06/2018 11.5 20.0
10/06/2018 12.0 25.0
11/06/2018 7.0 27.5
12/06/2018 10.5 19.5
13/06/2018 7.5 25.0
14/06/2018 13.0 25.5
15/06/2018 9.5 25.0
16/06/2018 13.0 23.0
17/06/2018 11.0 21.0
18/06/2018 15.0 27.5
19/06/2018 17.5 26.5
20/06/2018 15.5 27.5
21/06/2018 8.5 21.5
22/06/2018 7.0 22.0
23/06/2018 9.5 26.0
24/06/2018 9.0 27.0
25/06/2018 11.5 30.0
26/06/2018 9.5 29.5
27/06/2018 12.5 28.0
28/06/2018 10.0 28.0
29/06/2018 11.5 28.0
30/06/2018 12.5 29.0
01/07/2018 11.0 30.0




02/07/2018 11.5 29.0
03/07/2018 9.5 26.5
04/07/2018 10.5 27.5
05/07/2018 14.5 30.5
06/07/2018 14.5 28.0
07/07/2018 16.0 31.0
08/07/2018 13.0 29.5
09/07/2018 16.0 29.0
10/07/2018 13.5 21.0
11/07/2018 13.5 22.0
12/07/2018 12.5 23.0
13/07/2018 10.5 27.5
14/07/2018 12.5 31.0
15/07/2018 14.0 34.5
16/07/2018 14.0 32.0
17/07/2018 15.5 255
18/07/2018 14.5 29.5
19/07/2018 15.5 30.5
20/07/2018 14.5 30.0
21/07/2018 16.0 31.0
22/07/2018 15.0 30.0
23/07/2018 16.0 34.5
24/07/2018 16.5 33.0
25/07/2018 16.0 34.0
26/07/2018 17.5 36.0
27/07/2018 20.0 32.0
28/07/2018 16.0 23.5
29/07/2018 14.5 20.0
30/07/2018 16.5 24.0
31/07/2018 16.0 26.0
01/08/2018 14.0 29.0
02/08/2018 15.0 32.5
03/08/2018 17.5 33.0
04/08/2018 17.5 27.0
05/08/2018 15.0 33.0
06/08/2018 17.0 35.0
07/08/2018 17.0 33.0
08/08/2018 17.5 26.5
09/08/2018 14.0 18.0
10/08/2018 11.0 17.0
11/08/2018 9.5 22.5
12/08/2018 16.0 20.0
13/08/2018 16.0 21.0
14/08/2018 14.0 23.0
15/08/2018 14.5 24.5
16/08/2018 14.5 18.5
17/08/2018 11.0 19.5
18/08/2018 14.5 21.5
19/08/2018 16.5 22.5
20/08/2018 16.5 24.0
21/08/2018 16.5 26.5
22/08/2018 14.5 24.0




Site 2 — Notts
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d. Trial design

Site 1:

36m (grower spray boom width)

2m

6m
Block| 8m
Treatment
Block|
B B 2m
Treatment 8 9

52m

Treatment

Treatment

Treatment




Site 2:

ADAS GT PARSNIPS 2018 -ARNOLD

PLOT SIZE=8x 1.85m

SPLITPLOTSA=6x 1.85m

B=2x1.85m
SPRAYER
24m width
1 2 3 4 5 6 7 8 9 10
spare spare
10 16 12 5 18 20 1 4 15 13
11 12 13 14 15 16 17 18 19 20
spare spare
6 14 3 17 8 19 7 11 9 2
21 22 23 24 25 26 27 28 29 30
spare spare
5] 15 18 14 2 1 6 19 17 3
31 32 33 34 35 36 37 38 39 40
spare spare
9 10 13 12 8 7 11 16 4 20
41 42 43 44 45 46 47 48 49 50
spare spare
15 5 20 7 14 19 17 9 13 18
51 52 53 54 55 56 57 58 59 60
spare spare
2 1 8 11 3 16 6 12 10 a4

GATE WAY

SPRAYER
24m width



e. Matrix of weed species controlled by the products in the trial

AHDB 9898
AHDB 9993
AHDB 9999
Emerger
Flexidor 500
Goltix 70SC
Hurricane SC
AHDB 9981
Sencorex Flow
Stomp Aqua
AHDB 9918
AHDB 9917
AHDB 9998
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f.  ORETO certificate

post




Certificate of

Official Recognition of Efficacy Testing Facilities
or Organisations in the United Kingdom

This certifies that
RSK ADAS Ltd
complies with the minimum standards laid down in
Regulation (EC) 1107/2009 for efficacy testing.

The above Facility/Organisation has been officially
recognised as being competent to carry out efficacy trials/tests
in the United Kingdom in the following categories:

Agriculture/Morticulture
Stored Crops
Biologicals and Semiochemicals

Date of issue: 1 June 2018
Effective date: 18 March 2018
Expiry date: 17 March 2023

e Certification Number

Signature ﬁ[;m 'g!:hwgﬂ.g_mﬂ, _ |oRETO 409

Auvthansed mgralory

HSE *\grl{ ulture and
Chemicals Regulation Divisian Rural De "ﬂ"'l[l'l wnenlt
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