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Delayed control of weeds in glyphosate-tolerant
sugar beet and the consequences on aphid
infestation and yield †
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Abstract: An experiment was set up in 1998 to study the effect of glyphosate on the weeds and pests in

glyphosate-tolerant sugar beet, in comparison with a conventional herbicide regime. Glyphosate at

1.08kg haÿ1 was ®rst applied at the two- to four-leaf, 8- to 10-leaf and 12- to 14-leaf stage of the crop,

followed by a second application at the same rate two to four weeks later. Weed growth did not affect

sugar beet emergence or establishment, but, in untreated controls and the two later glyphosate

treatments, weeds almost completely covered the ground, leading to reduction of root weight, sugar

concentration and yield at harvest. The number of aphids (mostly Myzus persicae Sulzer) in the beet in

June was signi®cantly higher on plots treated with glyphosate at the two- to four-leaf stage than on

untreated plots or plots treated later with glyphosate. Large numbers of the leaf curling plum aphid

(Brachycaudus helichrysi Kaltenbach) colonised the weeds within untreated or later-treated plots.

These were accompanied by predators and parasites which eventually caused substantial mortality in

the aphid populations. There was evidence that glyphosate-treated weeds, although not in competition

with the crop, were still able to provide sustenance for aphids. Very low levels of virus yellows were

observed in the trial, and there were no signi®cant differences between treatments. The results suggest

that the latest application of the ®rst glyphosate spray in a two-spray programme should be before the

eight-leaf stage of the sugar beet to prevent weed competition reducing yield. Further studies on late

control of weeds and insect diversity are being carried out.
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1 INTRODUCTION
The advent of herbicide-tolerant sugar beet allows

easier control of weeds within a crop than by con-

ventional herbicides or mechanical means, and offers

the potential to reduce the damage caused by pests on

young plants. It may also be possible to de¯ect pests

away from young seedlings by leaving weeds within the

crop as alternative food or as a cover crop. For

example, the presence of weeds between the rows after

band-spraying of herbicides in a sugar beet crop in

Switzerland signi®cantly reduced aphid numbers on

sugar beet and decreased the incidence of virus yellows

within weedy plots compared to conventional treat-

ments.1 In that experiment, the remaining weeds were

subsequently removed by mechanical cultivation, but

this needed to be done before competition from weeds

became important, and not all the weeds were

removed by this method.
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Here we report the consequences of allowing weeds

to develop in a glyphosate-tolerant sugar beet crop well

beyond the point where it would be possible to control

them with conventional herbicides or cultivations.

Observations are made on pest attack and damage,

and on yield and quality of the sugar beet at harvest.

The results reported here are preliminary ®ndings. A

further study to investigate the effect of late control of

weeds on insect biodiversity is now being conducted

over two or more years at more than one site.
2 MATERIALS AND METHODS
2.1 Trial site
A site which had a large population of weed seeds in

the soil was selected on a fen farm near Littleport in

Cambridgeshire. The seed, Roundup Ready cv #203,

supplied by Monsanto, was drilled on 5 May 1998
d 1 November 1999)
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Table 1. List of treatments in weed control trial in 1998

Treatment Description Active ingredient Rate (g Al haÿ1) Date applied

Growth stage of

Beet Weeds

1 Untreated ± ± ±

2 Conventionala Diquat � paraquat 320 � 480 8 May Pre-emb 2 leaf

Phenmedipham � lenacil 285 � 176 22 May Cotyledon Cotyledon

Desmedipham �
ethofumesate �
phenmedipham �
metamitron � clopyralid

37.5� 226.5� 114�
700 � 100

1 June 2±4 leaves 2� leaves

Desmedipham �
ethofumesate �
phenmedipham �
clopyralid

25 � 151 � 76 � 100 17 June 8±10 leaves

Desmedipham �
ethofumesate �
phenmedipham �
metamitron � clopyralid

37.5� 226.5� 114�
700 � 100

3 July 12±14 leaves

3 Glyphosate 1 Glyphosate 1080 1 June 2±4 leaves 4� leaves

Glyphosate 1080 3 July 12±14 leaves

4 Glyphosate 2 Glyphosate 1080 17 June 8±10 leaves 20� leaves

Glyphosate 1080 3 July 12±14 leaves

5 Glyphosate 3 Glyphosate 1080 3 July 12±14 leaves Mature plants

Glyphosate 1080 16 July 16±20 leaves

a Additional hand-hoeing was required on 30 June, 8 July and 15 July to remove perennial weeds.
b Pre-emergence.
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because of very wet weather in April which prevented

earlier drilling.

2.2 Treatments
Five treatments ± an untreated control, a conventional

herbicide programme including a pre-emergence

application of diquat and paraquat and four post-

emergence applications of various combinations of

phenmedipham, lenacil, desmedipham, ethofumesate,

metamitron and clopyralid, and three glyphosate

programmes ± were replicated six times in randomised

blocks. Details of rates of herbicides applied and the

timing of their application are listed in Table 1. Plot

size was 12�6m with 12 rows, 50cm apart.

In the conventional programme, the number of

herbicide applications was higher than the average for

sugar beet in the UK (three), but was fairly typical for

the soil type on which the farm was located and the

time that this trial was sown. A pre-emergence

application was made to remove the weeds that were

present at drilling, and four post-emergence sprays,

containing the various mixtures, were applied in May,

June and July. In addition, the conventional plots were

hand-hoed on three occasions to remove the more

dif®cult weeds, such as ®eld bindweed, Convolvulus
arvensis L.

In all three glyphosate programmes, two sprays were

applied at different timings. In programme 1, the ®rst

spray was applied at the two- to four-leaf stage of sugar

beet when many weeds were at the four-leaf stage. The

®rst spray of programme 2 was applied when the crop
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plants were at the eight-leaf stage and weeds at the 20�
leaf stage. The ®rst spray in programme 3 was applied

when sugar beet plants were at the 12- to 14-leaf stage

and weeds were mature, tall and ¯owering.

The total herbicide burden applied in the glyphosate

programmes was 45% less than in the conventional. In

addition, only one herbicide was required compared to

eight in the various mixtures in the conventional

programme.

2.3 Observations
2.3.1 Emergence and establishment of sugar beet
The number of plants in the central six rows by 8m in

each plot was counted on two occasions, on 18 and 28

May. The effect of treatments on sugar beet vigour was

recorded on 19 June, taking care to distinguish

between the health of the plants and the overall

appearance of the plots, some of which were very

weedy at this stage. Plots were scored using a 0±5

linear scale, with 0=plants dead or dying, and 5=fully

healthy.

2.3.2 Soil pests
Twenty-four soil cores, 15cm deep and 5cm in

diameter were collected across the site on 19 June to

determine which soil pests were present. Soil organ-

isms were extracted from the cores using modi®ed

Tullgren funnels.2

2.3.3 Weeds and weed cover
The species of weeds present across the site were
Pest Manag Sci 56:345±350 (2000)



Table 2. Effects of herbicides and presence of weeds on emergence, establishment and vigour of sugar beet, and the ground cover
provided by weeds

Treatment Description

Emergence (%)

18 May

Establishment (%)

28 May

Mean vigour of crop a

19 June

Weed ground

cover (%)

28 May 19 June

1 Untreated 57.8 57.5 3.5 36.7b 100b

2 Conventional 61.3 63.1 3.3 8.3 15.0

3 Glyphosate 1 57.3 58.1 3.8 29.2b 20.0

4 Glyphosate 2 57.2 58.6 3.8 30.0b 99.2b

5 Glyphosate 3 58.1 57.6 3.7 30.8b 99.2b

SED (20 df) 2.65 3.31 0.27 6.34 2.78

LSD (5%)c NSd NSd NSd 13.25 5.81

a Scale: 0=plants dead or dying; 1=plants alive but severely stunted; 2=plants stunted with damaged leaves; 3=some necrosis on

leaves, plants slightly stunted; 4=slight necrosis on leaf edges; 5=fully healthy, no damage to leaves.
b Signi®cantly different from conventional herbicides.
c LSD=t20�SED; t20 =2.09.
d NS=not signi®cant.

Weed control and aphid infestation in glyphosate-tolerant sugar beet
assessed to determine the selection of appropriate

herbicide mixtures in the conventional herbicide plots.

The ground cover afforded by the weeds in each plot

was assessed on two occasions, on 28 May and 19

June. By the latter date ground cover in untreated plots

was 100% and remained at that level until harvest.

2.3.4 Aphid numbers on sugar beet
Aphid numbers on sugar beet were counted on four

plants per plot on each of two occasions ± on 19 June

when sugar beet plants were at the 8- to 10-leaf stage,

and 29 June when they were at the 12- to 14-leaf-stage.

Aphids were classed as green or black, winged or

wingless. Most (95%) of the green aphids were Myzus
persicae Sulzer, and the black aphids were Aphis fabae
Scopoli.

2.3.5 Aphid numbers on weeds
Samples of weeds were randomly collected from

within ®ve quadrats, 25�25cm, per plot (total=

0.3125m2) on 19 June, and from three quadrats per

plot on 29 June (total=0.1875m2). There were very

few live or dead weeds in plots treated with conven-

tional herbicides, and treatments 1 and 5 were

effectively the same during June; therefore only

treatments 1, 3, and 4 were sampled. Aphids were

identi®ed and their numbers assessed on each species

of plant collected. Numbers of parasites, mummies

and predators were also recorded.

2.3.6 Yield
Sugar beet was harvested by machine, an Edenhall 422

two-row harvester, on 7 September from the four

central rows by 9.6m per plot (19.2m2), except for the

untreated plots, which had to be harvested by hand

after the weeds had been cleared from the plots using a

May®eld Motorscythe. The sugar beet harvester

would have been clogged by weeds had it attempted

to harvest those plots. Root weight, sugar concentra-

tion and levels of impurities were determined in the

tarehouse at Broom's Barn.
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2.4 Statistical analysis
Data were analysed by analysis of variance using

GENSTAT 5. Aphid data were transformed logarith-

mically (log10 (n�1)) before analysis. Back-trans-

formed values are also given in tables.
3 RESULTS
3.1 Crop growth
Emergence of beet seedlings was very rapid in the

warm dry weather in May, and, by 18 May, only 13

days after drilling, almost 60% of plants had emerged,

but this did not increase much by 28 May (Table 2).

There was no effect of treatment on the number of

plants at emergence or establishment (mean establish-

ment=59%); the vigour of plants treated with con-

ventional herbicides was slightly poorer than those on

other plots on 19 June, but not signi®cantly so.

3.2. Weed cover
Weed populations, as expected in this soil type, were

very high. The most common weeds present were

scentless mayweed, Tripleurospermum inodorum Schultz

Bip, fat-hen, Chenopodium album L, cleavers, Galium
aparine L, common fumitory, Fumaria of®cinalis L, red

dead-nettle, Lamium purpureum L, large-¯owered

hemp-nettle, Galeopsis speciosa Miller, common ®eld-

speedwell, Veronica persica Poiret, common chick-

weed, Stellaria media (L) Vill, redshank, Persicaria
maculosa [Polygonum persicaria L], charlock, Sinapis
arvensis L, bastard cabbage, Rapistrum rugosum (L) All

and ®eld bindweed, Convolvulus arvensis L. Field

bindweed was particularly dif®cult to control with

conventional herbicides, and had eventually to be

removed by hand-hoeing.

Ground cover by weeds in untreated plots on 28

May was signi®cantly greater than in plots treated with

conventional herbicides (Table 2). This was three days

before application of the ®rst glyphosate spray in

programme 1. Ground cover by weeds in mid-June

when the ®rst application of glyphosate was applied in
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Table 3. Effects of herbicides and presence of weeds on aphid colonisation
of sugar beet

Treatment Description

Total numbers of aphids per

plant a

19 June 29 June

1 Untreated 0 0.032 (0.08)

2 Conventional 0.120 (0.32) 0.184 (0.53)

3 Glyphosate 1 0.291 (0.95)b 0.284 (0.92)b

4 Glyphosate 2 0.075 (0.19) 0.115 (0.30)

5 Glyphosate 3 0.016 (0.04) 0.016 (0.04)

SED (20 df) 0.0651 0.0791

LSD (5%)c 0.1361 0.1653

a Figures in parens are back-transformed (see Section 2.4).
b Signi®cantly different from untreated.
c LSD=t20�SED; t20=2.09.
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glyphosate programme 2, was virtually 100% in

untreated plots, but was only 20% in plots treated

with glyphosate programme 1 and even less, at 15%, in

those receiving conventional herbicides. This cover

was mostly due to C arvensis. Weeds present in the

glyphosate-treated plots were dying but still had some

green plant tissue at the time of this assessment.

Total plant cover in glyphosate programmes 2 and 3

remained high (100% in the latter) throughout the

experiment, because the dead weeds provided a mulch

of decaying vegetation around the sugar beet plants.

3.3 Pests on sugar beet
Many soil arthropods were extracted from soil cores in

June. These included springtails, Onychiurus spp and

Tullbergiae, millepedes, Blaniulus guttulatus Bosc and

Brachydesmus superus Latzel, symphylids, Scutigerella
immaculata Newport, and pygmy beetles, Atomaria
linearis Stephens (data not shown). However these did

not affect sugar beet establishment or growth, prob-

ably because the plants were sown late and grew

rapidly in the warm moist seedbed, and there were no

differences between treatments.

Aphid numbers on sugar beet were low in June,

mainly due to the wet and windy weather, which

prevented substantial colonisation. However, there
Table 4. Effects of herbicides on the number of the leaf curling plum aphid, Brachy

Total numbers of aphids

Treatment Description

19 June

Aphids Predators Parasites

1 Untreated 2.911 (814) 1.07 1

2 Conventional

3 Glyphosate 1 2.367 (232) 0

4 Glyphosate 2 2.802 (633) 0 1

SED (10 df) 0.2211 0.871

LSD (5%)c NSd NSd N

a Figures in parenthesis are back-transformed (see Section 2.4).
b Signi®cant difference from untreated.
c LSD=t10�SED; t10=2.23.
d NS=not signi®cant.
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were signi®cantly more aphids on both 19 and 29 June

in plots treated with glyphosate at the two- to four-leaf

stage of the beet than on untreated plots or in plots

with later applications of glyphosate (Table 3).

Numbers on plots treated with conventional herbi-

cides were also higher than on untreated plots, but not

signi®cantly so.

No other pests of sugar beet were recorded in this

trial.

3.4 Aphids on weeds
The aphid species present on the weeds was almost

exclusively (99%) the leaf curling plum aphid,

Brachycaudus helichrysi Kaltenbach, which alternates

between plums in autumn and spring and a wide range

of weeds in the summer. These aphids were recorded

mainly on speedwell with a few on bindweed and

hemp nettle. Some potato aphids, Macrosiphum
euphorbiae Thomas, were also found, mainly on the

few volunteer potatoes that were present, and also on

red dead-nettle.

Although aphid numbers on 19 June in plots treated

with glyphosate at the two- to four-leaf stage were a

quarter of those on the untreated plots, the difference

was not signi®cant (Table 4). There were fewer aphids

on 29 June in all plots, but this time there were

signi®cantly fewer on the dying weeds in plots treated

with glyphosate programme 1. There was no signi®-

cant difference between the other two treatments even

though weeds in treatment 4 were sprayed with

glyphosate 12 days earlier. Thus, although the weeds

had stopped growing, and had probably ceased to be in

competition with the sugar beet plants, they were still

providing sustenance for aphids. There was no

apparent insecticidal activity of glyphosate.

3.5 Parasites and predators
The aphid parasites were mostly of the genus Aphidius.
Predators included lacewing larvae (Chrysopa carnea
Stephens), although it was usually their eggs that were

recorded. No signi®cant differences could be detected

in predator or parasite numbers between the sampled

plots on either date, although of course there would
caudus helichrysi, and predators and parasites on weeds in sugar beet:

and predators mÿ2 a

29 June

& mummies Aphids Predators Parasites & mummies

4.9 2.26 (181) 1.2 2.4

No samples taken due to lack of weeds

9.6 0.95 (8)b 1.2 0

1.7 1.96 (90) 0.2 0.4

5.12 0.460 0.61 1.10

Sd 1.026 NSd NSd

Pest Manag Sci 56:345±350 (2000)



Table 5. Effects of herbicides on the yield of glyphosate-tolerant sugar beet.

Treatment Description Root weight (t haÿ1) Sugar conc (%)

Sugar yield

Na� (meq 100gÿ1)(t haÿ1) Relative to conventional (%)

1 Untreated 11.1a 15.63a 1.70 29 1.00

2 Conventional 36.1b 16.45 5.93b 100 0.85

3 Glyphosate 1 37.7b 16.47 6.20b 105 0.78

4 Glyphosate 2 29.3b 15.41a 4.52b 76 0.84

5 Glyphosate 3 27.5ab 14.22ab 4.01ab 68 1.38a,b

SED (20 df) 5.02 0.391 0.797 0.133

LSD (5%)c 10.46 0.816 1.663 0.278

a Signi®cantly different from conventional herbicides.
b Signi®cantly different from untreated.
c LSD=t20�SED; t20=2.09.

Weed control and aphid infestation in glyphosate-tolerant sugar beet
have been few, if any, in the conventional plots due to

lack of weeds (Table 4). The number of mummi®ed

aphids in all three treatments on 19 June was very high,

and probably explained the decline in numbers of

aphids by 29 June.

3.6 Virus yellows
No virus-infected plants were observed within the

assessment areas on 27 July, and only a few infected

plants were seen elsewhere in the trial. The level of

virus yellows on 2 September was less than 2% in any

treatment, and there was no signi®cant difference

between treatments.

3.7 Effects on yield
All herbicide treatments signi®cantly increased root

yields compared to untreated plots (Table 5). The

presence of weeds in untreated plots and in those

treated with glyphosate programmes 2 and 3 signi®-

cantly reduced sugar concentration compared to the

conventional programme. Root and sugar yields in

plots treated with glyphosate programmes 2 and 3

were substantially less than that in plots treated with

conventional herbicides, although only the difference

with programme 3 was signi®cant. There was no effect

of treatments on the level of potassium or amino N

impurities in the beet (data not shown), but there was

a signi®cant increase in the level of sodium in beet

treated with glyphosate programme 3 compared to

that in the conventional programme.
4 DISCUSSION
The organic soil on which this study was conducted

had a weed population higher than most mineral soils

on which the majority of sugar beet crops are grown in

the UK, and could thus be viewed as a worst-case

scenario. However, it was typical for fen soils, on

which 9% of sugar beet in the UK is grown. In

addition, the number of conventional treatments

applied was similar to that applied to the surrounding

crops.

Two sprays of glyphosate at 1080g AI haÿ1, with the

earliest being applied at the two- to four-leaf stage of
Pest Manag Sci 56:345±350 (2000)
sugar beet, in this study gave equivalent, if not better

control of weeds than a full programme of conven-

tional herbicides, which included eight chemicals

applied in mixtures on ®ve occasions. Additional

hand-hoeing was also required to achieve an accep-

table level of weed control in the conventional plots,

mainly because of the presence of perennial weeds.

The presence of weeds within sugar beet did not

appear to affect the activities of soil pests, as there was

no difference in plant establishment between treat-

ments. However, the number of aphids colonising beet

was reduced where weeds provided some cover to

young seedlings. Aphids were more numerous on beet

where weeds were killed before or at the two- to four-

leaf stage of sugar beet. This did not result in an

increase in virus yellows in this study because the

incidence of infection in 1998 was relatively low.

However, in other studies, band-spraying of weeds

within rows, and allowing the survivors to remain

between the rows, signi®cantly reduced aphid coloni-

sation and virus infection.1 This was attributed to the

attraction of the aphids to the weeds present in

preference to the beet, although the species of weeds

present was not reported. We have observed similar

attraction of aphids onto volunteer potatoes within a

sugar beet crop in 1988 (unpublished data).

One unforeseen consequence of allowing weeds to

remain longer than would normally be tolerated in a

sugar beet crop was the attraction of non-beet aphid

species to the weeds, which in turn attracted parasites

and some predators, although the sampling proce-

dures used here were not designed to estimate

populations of these latter insects quantitatively. Since

the parasites and predators that were recorded would

also attack sugar beet aphids, it may have been their

activities that prevented or reduced aphid colonisation

on the sugar beet. It was our impression, nevertheless,

that the number and diversity of insects and other

arthropods associated with the presence of weeds,

even when those weeds were dying, was substantially

greater than in the weed-free plots. Further studies

using more rigorous ecological sampling methods are

required to con®rm this.

The lower number of aphids on sugar beet treated
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with conventional herbicides compared to those on

plants in glyphosate programme 1 may have been due

to the effects of the adjuvant (mineral oil) on aphid

colonisation.

The effect of weeds on yield in this study was

substantial ± they reduced it by 71% compared to

conventional plots. This was recorded as a combina-

tion of lower root weights and a reduction in sugar

concentration, and is in keeping with many other

studies.3 Allowing weeds to remain until the two- to

four-leaf stage of the crop was not detrimental to yield,

but delay of the ®rst application of glyphosate until the

8- to 10-leaf stage had a substantial effect (24%), even

though it was not signi®cant. Further delay until the

12- to 14-leaf stage had an even greater effect. These

results suggest that the latest that the ®rst spray of

glyphosate could be applied before competition from

the weeds becomes important would be between the

four- and eight-leaf stages of the sugar beet.

The use of glyphosate in a herbicide-tolerant crop

may thus allow a much more ¯exible approach to weed

control in sugar beet, and offers the possibilities of

manipulating the habitat to the bene®t of the environ-
350
ment, while at the same time using a more benign

chemical4 and without loss of yield.
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