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Field studies were conducted in 1998 and 1999, to evaluate glyphosate and

glufosinate for control of redroot pigweed, common lambsquarters, hairy nightshade, and

barnyardgrass in herbicide-resistant sugarbeets. Treatments that included two or three

applications of glyphosate, regardless of rate, or glyphosate applied once in combination

with BAS 656 07 H or ethofumesate, resulted in 83 to 100 percent redroot pigweed,

common lambsquarters and hairy nightshade control. Redroot pigweed and barnyardgrass

control was lower when glyphosate was applied to cotyledon sugarbeets, with sequential

applications one and two weeks later, than when glyphosate was applied to two to four

leaf sugarbeets. Sugarbeet yield with glyphosate treatments was greater than or equal to

the standard herbicide program used in sugarbeets. Glufosinate applied early-

postemergence or mid-postemergence resulted in 78 to 100 percent redroot pigweed,

common lambsquarters, and hairy nightshade control. Glufosinate following ethofumesate

applied preplant incorporated or ethofumesate applied postemergence in combination with

glufosinate provided weed control similar to the standard herbicide program.

Barnyardgrass control was lowest with glufosinate applied postemergence in combination



with ethofumesate. Glufosinate treatments that were applied in combination with

ethofumesate postemergence resulted in lower sugarbeet yields. Slight sugarbeet injury

was observed early in the growing season when ethofumesate was applied postemergence.

However, weed control was the main factor that affected sugarbeet yield. Treatments did

not affect sugarbeet sucrose content. Field dodder control, with glyphosate, ranged from

98 to 100 percent, 42 days after treatment. Glyphosate treatments reduced dodder dry

weight compared to a conventional, herbicide program of the commercial premix of

desmedipham and phenmedipham, tank mixed with triflusulfuron, and clopyralid.

Sugarbeet dry weight was greater, and dodder dry weight was lower with the conventional

program compared to the untreated control and a single application of glufosinate. Three

applications of glufosinate, at 0.40 and 0.80 kg ai/ha with 3.4 kg ai/ha of AMS resulted in

a lower dodder dry weight than three applications of glufosinate at 0.30 kg/ha with AMS

and the untreated control. Glyphosate reduced dodder growth in some cases when

applied before dodder attachment to glyphosate-resistant sugarbeets. Glufosinate applied

before attachment to glufosinate-resistant sugarbeets had no effect on dodder growth.

Dipping a single leaf from a dodder infested sugarbeet in a glyphosate solution reduced the

growth of dodder that was attached to other sugarbeet leaves on the same plant. Since

glyphosate was not in contact with dodder surface, the glyphosate that caused the dodder

growth reduction translocated from the treated leaf to the leaves in which dodder was

attached.
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Weed control with Glyphosate and Glufosinate in Herbicide-Resistant
Sugarbeets (Beta vulgaris L.)

INTRODUCTION

Weeds have been a problem in sugarbeets (Beta vulgaris L.) since sugarbeets were

first grown in the 1700's. Sugarbeet weed control has evolved from the sole use of hand

labor to reliance on selective herbicides. Hand-weeding is very expensive and time

consuming. Weed control was a factor for increasing mechanization of sugarbeet

production. Increased mechanization, including cultivation, and the use of selective

herbicides helped reduce the amount of physical labor needed to grow sugarbeets

(Dawson 1974; Griffiths 1994; Wilson 1994). Organic herbicides were first used in

sugarbeet production between 1930 and 1960. These herbicides included

pentachlorophenol, propham, endothal, and dalapon which were applied before the crop

and weeds emerged. From 1960 to 1980, a wide number of herbicides where developed

to improve weed control in sugarbeets. These herbicides included pyrazon,

chloropropham, cycloate, desmedipham, EPTC, pebulate, phenmedipham, trifluralin, and

ethofumesate. Soil applied residual herbicides such as EPTC and cycloate were used to

control emerging weeds. After weed and crop emergence, herbicides such as

desmedipham and phenmedipham were applied to control weeds that escaped control with

the soil applied herbicides, reducing the amount of hand labor needed for sugarbeet weed

control (Griffiths 1994). A program that could provide season long weed control in the

1960's and 1970's included cycloate, applied at planting by subsurface injection, followed
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with a postemergence application of phenmedipham before sugarbeet thinning and then an

application of trifluralin, at thinning, with one late season hoeing (Dawson 1974). After

1980, new herbicides introduced were used primarily for postemergence grass and

broadleaf weed control. Sethoxydim, clethodim, and quizalofop were used for

postemergence grass control while clopyralid and triflusulfuron were used for broadleaf

weed control (Cooke and Scott 1993).

Better weed control can be achieved by using soil applied and postemergence

herbicides together. Preemergence herbicides sensitize weeds to postemergence herbicide

applications which allows reductions in postemergence herbicide rates (Dawson 1975;

Griffiths 1994). However, sugarbeet injury increases with applications of desmedipham

or phenmedipham when the herbicides cycloate and ethofumesate are applied before the

crops and weeds emerge (Dawson 1975; Winter and Wiese 1982). Relying on a single

postemergence application to control all weeds in a sugarbeet field known to contain high

weed populations would require acceptance of high risk (Winter and Wiese 1982).

Excessive rainfall can delay herbicide applications by not allowing the growers to drive in

the fields at critical weed control periods. Growers with numerous sugarbeet fields may

not be able to apply postemergence herbicides to each field before the weeds grow to a

size that are difficult to control with current herbicides used in sugarbeets.

Ethofumesate, phenmedipham, and desmedipham applied postemergence provide

greater weed control when used together (Winter and Wiese 1982) and when applied

multiple times at reduced rates (Madge 1982; Griffiths 1994). Applying herbicides

multiple times allows the use of lower herbicide rates to control weeds (Griffiths 1994).

Applications can be made to smaller sugarbeets with the possibility of less injury by
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reducing herbicide rates (Dexter 1994). Current weed control recommendations in North

Dakota and Minnesota for split applications of desmedipham or desmedipham plus

phenmedipham range from 0.13 to 0.84 kg ai/ha, compared to recommendations of 1.1 to

1.7 kg/ha for a single dose of the same herbicides (Dexter 1994). Recently, the use of

preemergence herbicides has declined. Farmers are relying on the use of postemergence

herbicides for weed control in sugarbeets (Schweizer and Dexter 1997; Wilson 1999).

Reasons for applying herbicides postemergence are to save time at planting, to rely less on

rainfall for herbicide activation, and to reduce the cost of weed control by applying

herbicides to control weeds only when they are present. In North Dakota and Minnesota,

the sugarbeet crop receives an average of four postemergence herbicide applications

(Dexter et al. 1997).

Weed control programs with reduced rates of selective herbicides possibly could

lower sugarbeet production costs. Herbicides typically are applied in a band over the

sugarbeet row, which reduces herbicide cost (Schweizer and Dexter 1987). Weeds

outside of the herbicide band are controlled with cultivation. Herbicides recently have

been effectively applied broadcast at the band rate with the addition of a methylated seed

oil surfactant (Dexter and Luecke 1997a). Broadcast herbicide applications allow

sugarbeet growers to obtain weed control over the entire field area using herbicide rates

equal to the band applied herbicide treatments with less cultivation (Ransom and Ishida

1999).

Herbicides that cost less and control a wider range of weeds would benefit

sugarbeet producers. Glyphosate and glufosinate are non-selective, postemergence,

systemic herbicides that have activity on a wide range of broadleaf and grass plant species
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(Hass and Muller 1987; Franz et al. 1997). Glyphosate and glufosinate traditionally have

been used to control weeds in non-crop areas or before the crop has emerged. Crop

species have been genetically altered so that they are resistant to glyphosate and

glufosinate, and therefore, these herbicides can be sprayed postemergence without injury

to the crop (Shah et al. 1986; Kishore et al. 1992; Van Wychen et al. 1999). Crops with

resistance to glyphosate or glufosinate that are grown commercially in the United States,

include corn (Zea mays L.), soybeans (Glycine max (L.) Merrill), and cotton (Gossypium

spp.) (Ritter and Menbere 1998; Culpepper and York 1999). Genes conferring resistance

to glufosinate and glyphosate also have been inserted into sugarbeets (Dexter and Lueckea

1997b; Gasser 1989; Kishore et al. 1992).

Glyphosate rapidly translocates from treated plant leaves to the roots, rhizomes,

and apical tissues of the plant through the symplast (Franz et al. 1997). This allows

glyphosate to have activity on perennial weeds such as quackgrass (Elytrigia repens L.)

and field bindweed (Convolvulus arvensis L.). The mode of action for glyphosate is

amino acid synthesis inhibition in plants. The site of action is the 5-enolpyruvylshikimate-

3-phosphate (EPSP) synthase, an enzyme of the shikimate pathway, that is only present in

plants and micro-organisms and is important for synthesis of essential aromatic amino

acids. Symptoms from glyphosate activity in plants appear slowly, and death may not

occur for weeks after application (Franz et al. 1997)

Glufosinate is an ammonia assimilation inhibitor (Hass and Milner 1987).

Glufosinate will block the enzyme glutamine synthetase stopping the conversion of

glutamate and ammonia into glutamine. Excess ammonia buildup in the plant causes

chlorosis and necrosis to plant tissues. Glufosinate rapidly acts on plants causing them to
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wither and die within 2 to 5 days. Glufosinate rapidly translocates within the plant leaves.

However, herbicide translocation in the xylem and phloem, from leaves to other

meristematic regions of the plant is limited. Plants differ in their sensitivity to glufosinate

mainly through uptake and translocation, not metabolic degradation (Mercy et al. 1990).

Glyphosate and glufosinate control a wide range of annual broadleaf and grass

plant species (Krausz et al. 1996; Steckel and DeFelice 1995). In greenhouse studies

barnyardgrass (Echinochloa crus-galli (L.) Beauv.), common ragweed (Ambrosia

artemisiifolia L.), fall panicum (Panicum dichotomiflorum Michx.), giant foxtail (Setaria

faberi Herrm.) and large crabgrass (Digitaria.sanguinalis (L) Scop.) were controlled

equally by glyphosate or glufosinate (Tharp et al. 1999). Glufosinate had a greater effect

on common lambsquarters (Chenopodium album L.) where as glyphosate had a greater

effect on velvetleaf (Abutilon theophrasti Medic.) in the greenhouse. Sequential

applications of glufosinate in glufosinate resistant sweet corn provided 90 percent or

greater control of common lambsquarters, common ragweed, velvetleaf, wild proso millet

(Panicum miliaceum L.) and fall panicum (Van Wychen et al. 1999). Common

lambsquarters, giant foxtail, and velvetleaf control with glyphosate was greater than 90

percent when the weeds were actively growing in glyphosate resistant soybeans planted in

20 cm rows (Ateh and Harvey 1999). Glyphosate and glufosinate also have an effect on

perennial weed species. Glyphosate has activity on johnsongrass (Sorghum halepense (L.)

Pers.) (Parochetti et al. 1975), field bindweed (Weise and Lavake 1986), Canada thistle

(Cirsium arvense (L.) Scop.), and other perennial weed species (Selleck and Baird 1981;

Yonce and Skroch 1989). Glufosinate has activity on a wide spectrum of perennial
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broadleaf and grass weeds when applied postemergence at rates ranging from 0.3 to 1.5

kg ai/ha (Hass and Miller 1987).

Weed control in glyphosate and glufosinate resistant sugarbeets has been examined

in different regions of the United States. In North Dakota and Minnesota, Dexter and

Luecke (1997b) examined weed control with three applications, at seven day intervals, of

glufosinate at a rate of 0.40 kg/ha. Glufosinate treatments were compared to a standard

herbicide treatment and a hand-weeded check. Sugarbeets treated with glufosinate

produced more extractable sucrose than the standard herbicide or hand-weeded

treatments. Weed control with three applications of glufosinate at 0.30 kg/ha with and

without ammonium sulfate and 0.40 kg/ha applied to four leaf stage sugarbeets resulted in

90 to 100 percent control of kochia (Kochia scoparia (L.) Schrad.), common

lambsquarters, redroot pigweed (Amaranthus retroflexus L.), wild mustard (Brassica

kaber (D.C.) L.C. Wheeler), hairy nightshade, and green foxtail (Setaria viridis (L.)

Beauv.) (Mesbah and Miller 1999). Wilson (1998) reported that glufosinate applied twice

at 0.30 kg/ha, first at the four leaf stage and then at the six leaf stage of sugarbeet growth,

resulted in 99 percent weed control. Downard and Morishita (1998) reported that mixing

ammonium sulfate with 0.30 kg/ha of glufosinate had the same affect on weed control as

increasing the rate to 0.40 kg/ha.

Weed control with 0.84 kg ae/ha glyphosate applied two or three times resulted in

95 to 100 percent control of redroot pigweed, green foxtail, wild oat (Avena fatua L.),

wild mustard, prostrate pigweed (Amaranthus blitoides S. Wats.), kochia, common

lambsquarters, hairy nightshade, and annual sowthistle (Dexter and Luecke 1997b; Wilson

1988; Mesabah and Miller 1999; Morishita et al. 1999). A single postemergence
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application of glyphosate, at rates ranging from 0.70 to 0.84 kg/ha, did not provide season

long weed control (Morishita et al. 1999; Norris and Roncoroni 1999).

Dodder (Cuscuta spp.) is an annual, parasitic weed that infects a large number of

plant species including sugarbeet. Other crop species that are hosts for dodder include,

tomato (Lycopersicon esculentum Mill.), cranberries (Vaccinium macrocarpon Ait.),

carrots (Daucus carota L.), onion (Allium cepa L.), potato (Solanum tuberosum L.),

alfalfa (Medicago sativa L.), and clover (Trifolium spp.). Weed species such as field

bindweed, Russian thistle (Salsola iberica Sennen), chickweed (Steliana media (L) Vill.),

dandelion (Taraxacum officinale Weber in Wiggers), and marshelder (Iva xanthifolia

Nutt.) also are hosts for dodder. In some cases, dodder attaches first to weeds in a field

and then spreads to the crops. Monocot plant species are typically not good hosts for

dodder (Dawson et al. 1984). Most dodder seeds germinate from March to May, one to

three years after burial in the soil (Hutchinson and Ashton 1980). The majority of dodder

seedlings emerge from depths of less than 3 cm and usually not deeper than 6.5 cm.

Unlike some of the other parasitic weeds, dodder does not need a host to be present to

germinate (Dawson et al. 1984). Dodder seeds need temperatures from 18 to 36 C to

germinate (Hutchinson and Ashton 1980). Once the seeds germinate, rootless shoots

form that move in a counter-clockwise rotation until they touch a host plant. If shoots fail

to contact a host within 8 cm from the point of germination, they will die (Dawson et al.

1984). Once the dodder contacts a host, the shoot wraps around the host plant and

produces haustoria which penetrate the outer cells of the host plant. After the haustoria

penetrates the outer cells, the dodder produces two types of hyphae. The search hyphae

grow apoplastically until they reach tracheids or vessel elements that make up the xylem or
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sieve elements of the phloem. From the search hyphae, contact hyphae grow that function

to absorb water and photoassimilates from the xylem and phloem (Kuijt 1977). Dodder.

obtains most of the energy and nutrients required for growth from the phloem of the host

plant. Therefore, a phloem mobile herbicide like glyphosate will enter the dodder plant

more quicky than a xylem mobile herbicide like atrazine (Fer 1981).

Cultural methods such as mowing and flaming will control dodder. However,

these practices have the potential to injure the crop and reduce yield (Cudney et al. 1992).

Crop rotation to non-host grass crops, such as wheat and corn, could reduce the number

of seeds in the soil over time. These crop rotations may not be the most profitable for

growers. The grass crop must be kept free of broadleaf weed species that can serve as

hosts (Dawson 1984). Some herbicides have been evaluated for dodder control (Bewick

et al. 1989; Dawson 1971; 1984; 1990; Giannopolitis 1979). Soil applied herbicides used

for dodder control in an alfalfa seed crop controlled dodder initially but did not provide

season long control (Dawson 1966). An integrated approach for controlling dodder in an

alfalfa seed field includes the use of a preemergence herbicide followed by mowing and

flaming to control late germinating plants (Cudney et al. 1992). Glyphosate can

selectively control dodder at rates of 0.075 to 0.150 kg ae/ha in alfalfa (Dawson 1989).

Glyphosate enters dodder by either direct contact or by translocation through the host

plant phloem (Dawson and Saghir 1983). This could allow sugarbeet growers to control

dodder attached to herbicide resistant sugarbeets by directly applying glyphosate to

dodder or applying glyphosate to sugarbeet leaves that have dodder attached to other

parts of the plant.
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The objectives of our research were to: 1) examine weed control with glyphosate

or glufosinate applied at different rates and timings with and without ammonium sulfate;

2) evaluate weed control with glyphosate or glufosinate following or in combination with

soil active herbicides and; 3) determine if glyphosate or glufosinate can be used to control

dodder in herbicide resistant sugarbeets.
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Abstract

A two-year study was conducted to examine weed control in glyphosate-resistant

sugarbeets with various glyphosate rates, application timings, and combinations with

residual herbicides or ammonium sulfate. Treatments that included two or three

applications of glyphosate, regardless of rate, or glyphosate applied a single time in

combination with BAS 656 07 H or ethofumesate, resulted in redroot pigweed, common

lambsquarters and hairy nightshade control equal to or greater than the standard herbicide

program of ethofumesate at 1.12 kg/ha applied PPI, followed by a postemergence

application of a premix of ethofumesate, desmedipham, and phenmedipham at 0.28 kg/ha

to COT stage sugarbeets, a second application of the premix at 0.37 kg/ha in combination

with triflusulfuron at 0.0175 kg/ha applied to two to four leaf sugarbeets, and a third

application of the premix and triflusulfuron, at the same rates, in combination with

sethoxydim at 0.34 kg/ha applied to six to eight leaf stage sugarbeets. Sugarbeet root

yield with glyphosate treatments was equal to the standard program and greater than the

untreated control. There were no differences in percent sucrose content with any of the

treatments. Two studies were conducted for one year to examine glyphosate time of

application for weed control. Glyphosate provided weed control equal to and greater than

the standard, regardless of application timing. Glyphosate applied to cotyledon sugarbeets

with two sequential applications, one and two weeks later, resulted in lower redroot

pigweed and barnyardgrass control compared to the weed free control or glyphosate

treatments applied to sugarbeets at the two to four leaf stage. Sugarbeet yields were

greater than or equal to the standard herbicide program regardless of glyphosate

application timing. Sugarbeet sucrose content was not affected by treatment.
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Nomenclature: Glyphosate; ethofumesate; desmedipham; phenmedipham; sethoxydim,

triflusulfuron; redroot pigweed, Amaranthus retroflexus L. # AMARE; common

lambsquarters, Chenopodium album L. # CHEAL; hairy nightshade, Solanum

sarrachoides L. Sendt. # SOLSA; barnyardgrass, Echinochloa crus-galli L. Beauv. #

ECHCG; sugarbeet, Beta vulgaris L. # BEAVA 'HIVI Pillar RR.'

Additional index words: Ethofumesate, triflusulfuron, AMARE, CHEAL.

Abbreviations: AMS, ammonium sulfate; DAT, days after treatment; EDP, commercial

premix of ethofumesate, desmedipham and phenmedipham; trif, triflusulfuron; seth,

sethoxydim; COT, cotyledon; PPI, preplant incorporated.

Introduction

Lower cost herbicides that control a wider range of weeds would benefit sugarbeet

(Beta vulgaris L.) producers. Presently, four to five herbicides are applied during the

growing season to control weeds in sugarbeet production systems. Sugarbeets are

sensitive to many herbicides, so herbicides that potentially could control a wider range of

weeds are not frequently registered for sugarbeet production. Glyphosate is a non-

selective, postemergence, systemic herbicide that has activity on a wide range of broadleaf

and grass plant species (Franz et al. 1997; Krausz et al; Steckel 1996; DeFelice 1995).

Crop species have been genetically altered so that they are resistant to the activity of

glyphosate by the insertion of herbicide resistance genes (Shah et al. 1986; Kishore et al.

1992). Plants with resistence to glyphosate that are grown commercially in the United

States include corn (Zea mays L.), soybeans (Glycine max (L.) Merrill) and cotton

(Gossypium spp.) (Ritter and Menbere 1998; Culpepper and York 1999). Glyphosate
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resistence genes also have been inserted into sugarbeets (Dexter and Luecke 1997; Gasser

1989; Kishore et al. 1992).

Glyphosate applied to a leaf surface penetrates the epidermis of the leaf and then

rapidly translocates to the roots, rhizomes, and apical tissues of the plant through the

symplast. The mode of action for glyphosate is inhibition of aromatic amino acid

synthesis, specifically tryptophan, tyrosine, and phenylalanine. Aromatic amino acids are

important precursors in protein synthesis, polymeric lignins, and pigments. The site of

action of glyphosate is the EPSP synthase enzyme, which is present only in plants and

micro-organisms. Glyphosate symptoms such as wilting and chlorosis appear slowly, and

death may not occur for weeks after application (Franz et al 1997).

In greenhouse studies, growth of barnyardgrass (Echinochloa crus-galli (L.)

Beauv.), common ragweed (Ambrosia artemisiifolia L.), fall panicum (Panicum

dichotomiflorum Michx.), giant foxtail (Setaria faberi Herrm.), and large crabgrass

(Digitaria sanguinalis(L.) Scop.) was reduced by glyphosate (Tharp et al. 1999).

Glyphosate applied in field trials, at rates as low as 0.56 kg ae/ha, controlled annual weeds

such as giant foxtail, fall panicum, redroot pigweed (Amaranthus retroflexus L.), and

velvetleaf (Abutilon theophrasti Medic.) (Krausz et al. 1996). Common lambsquarters

(Chenopodium album L.), giant foxtail, and velvetleaf control with glyphosate was greater

than 90 percent (Ateh and Harvey 1999).

Although glyphosate has activity on a wide rage of annual and perennial weeds,

some weeds are more difficult to control with glyphosate than others (Jordan et al. 1997).

Perennial and annual weed control can be reduced or enhanced if glyphosate is combined

with a selective herbicide applied postemergence (Lich et al. 1997; Yonce and Skroch
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1989). Postemergence velvetleaf and common lambsquarters control in glyphosate-

resistant soybeans was greater with the addition of bentazon compared to glyphosate

applied alone (Lich et al. 1997).

Weed control in glyphosate-resistant sugarbeets has been examined in different

regions of the United States. Weed control with 0.84 kg/ha glyphosate, applied two or

three times, resulted in 95 to 100 percent control of redroot pigweed, green foxtail

(Setaria viridis (L.) Beauv.), wild oat (Avena fatua L.), wild mustard (Brassica kaber

(D.C.) L.C. Wheeler ), prostrate pigweed (Amaranthus blitoides S. Wats.), kochia

(Kochia scoparia (L.) Schrad.), common lambsquarters, hairy nightshade (Solanum

sarrachoides L.), and annual sowthistle (Sonchus oleraceus L.) (Dexter and Luecke 1997;

Wilson 1988; Mesabah and Miller 1999; Morishita et al. 1999). A single postemergence

application of glyphosate at rates from 0.70 to 0.84 kg/ha did not provide season long

weed control in glyphosate-resistant sugarbeets (Morishita et al. 1999; Norris and

Roncoroni 1999).

The objective of this research was to determine the effect of glyphosate rates,

application timings, and combinations with residual herbicides for weed control in

glyphosate-resistant sugarbeets grown under furrow irrigation in Eastern

Oregon.
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Materials and Methods

Field experiments were conducted at the Malheur Experiment Station near

Ontario, OR. Experiments were located in different fields each year. Fields were

prepared in the fall by moldboard plowing and hilling the soil. The tops of the hills were

harrowed off in the spring to provide a uniform seed bed for planting. The soil type was a

silt loam with 2.4 percent organic matter content and pH 7.0 in 1998, and a 1.4 percent

organic matter content and pH 7.9 in 1999. Glyphosate-resistant sugarbeet variety HM

Pillar RR was planted on April 22, 1998 and April 12, 1999. Sugarbeet spacings of 5 cm

within the row and 56 cm between each row were used. Terbufos [S-[[(1,1-

dimethylethyl)thio]methyl]] was applied for insect control in both years at a rate of 34 g/ai

per 305 m of row one day after planting. Plots were 2.23 m wide by 8.23 m long and

were arranged in a randomized complete block design with three replications. Sugarbeets

were furrow irrigated. After the sugarbeets reached the four to six leaf stage, the

sugarbeet stand was thinned to a 20 cm spacing between plants. Sugarbeets were

sidedressed with 235 kg N/ ha in the form of urea June 5, 1998, and June 15, 1999.

Herbicide applications were made with a CO2-pressurized backpack sprayer.

Boom width was 2.23 m with four 8002 flat fan nozzles evenly spaced at 56 cm along the

boom. Nozzle height was 51 cm from the plant surface, and the flow rate was 187 L/ha at

207 kPa. Visual weed control ratings were taken 28 days after the final herbicide

application and near the end of the growing season, one month before harvest.

Sugarbeets were defoliated mechanically and harvested using a mechanical, single-

row harvester. The center two rows of each plot were lifted and weighed for sugarbeet

root yield. A random sample of 16 sugarbeet roots from each plot were sampled to
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determine sucrose content. Sugarbeets were harvested on October 15, 1998, and October

6 and 7, 1999. Parameters that were measured included sugarbeet root yield, sucrose

content, gross sucrose production, percent sucrose extraction, kilograms of estimated

recoverable sucrose per hectare, and grams of estimated recoverable sucrose per gram of

sugarbeet. Data were analyzed using analysis of variance at an alpha level of 0.05. Means

were separated using Fisher's protected LSD (P=0.05). A severe hail storm on July 4,

1998, defoliated the sugarbeets in the middle of the growing season.

Weed control with glyphosate rates, and timings, and combinations with residual

herbicides. Weed control was evaluated with glyphosate at different rates and timings,

with and without AMS, and mixed with and following soil-residual herbicides. Glyphosate

treatments were compared to an untreated check and a standard herbicide program.

Treatments are listed in table 1.1.
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Table 1.1. Herbicide treatments for the glyphosate, rates, timings, and combinations study
1998 and 1999.

Treatment'	 Rate	 Timing 
kg ae/ha	 Leaf'

glyphosate + AMS	 0.41	 cot + 2-4 + 6-8
glyphosate	 0.63	 cot + 2-4 + 6-8
glyphosate	 0.84	 cot + 2-4 + 6-8
glyphosate	 0.84
glyphosate + etho	 0.84 + 1.12	

cot + 2-4 + 6-8

glyphosate	 0.84	 2-4

glyphosate + etho	 0.84	 2-4

glyphosate +
0.84 + 0.72	 2-4

BAS 656 07 H
ethofumesate	 1.12	 PPI
glyphosate	 0.84	 2-4 + 6-8
ethofumesate	 1.12	 PPI
glyphosate	 0.41	 2-4 + 6-8
ethofumesate	 1.12	 PPI
glyphosate + AMS	 0.41 + 2.8	 2-4 + 6-8
ethofumesate	 1.12	 PPI
EDP	 0.28	 cot
EDP + trif	 0.37+0.0175	 2-4
EDP + trif + seth	 0.37+0.0175+ 0.34	 6-8
a Abbreviations: etho, ethofumesate; EDP, commercial premix of ethofumesate + desmedipham +

phenmedipham; trif, triflusulfuron; seth, sethoxydim.
b Sugarbeet leaf stage at time of application. Abbreviations: PPI, preplant incorporated; cot, cotyledon;

2-4, two to four leaf; 6-8, six to eight leaf.

The first herbicide applications were made April 3, 1998, and April 7, 1999. The

final applications were made June 15, 1998, and May 26, 1999. Weed size and sugarbeet

height at the COT and 2 to 4 leaf application are presented in Table 1.2.
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Table 1.2. Sugarbeet and weed heights at initial herbicide application.

Sugarbeet stage at initial herbicide application
Year	 cot	 2 to 4-1f

BEAVA AMARE CHEAL SOLSA ECHCG BEAVA AMARE CHEAL SOLSA ECHCG

-plant height cm--- ---------------------------

1998 1.9 0.6 1.3 0.6 0.6 6.4 3.8 5.0 3.8 5.0

1999 0.6 0.6 1.3 0.6 0.6 3.8 1.3 3.8 2.5 2.5

Weed control ratings were taken 28 days after the final herbicide application, on July 15,

1998, and June 23, 1999, and at the end of the growing season, on September 3, 1998,

and September 7, 1999.

Glyphosate timing trials. Studies were conducted with glyphosate-resistant sugarbeets

in 1998 and 1999 to determine the appropriate application timing of glyphosate to control

weeds. Glyphosate was applied at a rate of 0.84 kg/ha. Glyphosate treatments were

compared to an untreated control and a standard herbicide program listed in tables 1.3 and

1.4. Glyphosate treatments applied in 1998 and 1999 are listed in table 1.3 and 1.4,

respectively. Weed control ratings were taken, July 15, 1998, and June 23, 1999, 28 days

after the final herbicide application, and at the end of the growing season on September 3,

1998, and September 7, 1999.



19

Table 1.3. Glyphosate timing treatments, 1998.

Treatment'	 Rate	 Timingb 
kg ae/ha

glyphosate	 0.84	 cot + lwk + 2wk
glyphosate	 0.84	 cot + 2wk + 3wk
glyphosate 	 0.84 	 cot + 4wk 
glyphosate	 0.84	 2-4 if + lwk + 2wk
glyphosate	 0.84	 2-4 lf+ 2wk + 3wk
glyphosate 	 0.84 	 2-4 if + 4wk 
weed free	 as needed
EDP	 0.37	 cot +2-4 lf+ 4wk 
a Abbreviations: etho, ethofumesate; EDP, commercial premix of ethofumesate + desmedipham +
phenmedipham; trif, triflusulfuron; seth, sethoxydim; weed free, plots were handweeded as necessary to
remove weeds.

b Abbreviations: PPI, preplant incorporated; cot, cotyledon stage sugarbeets; 2-41f, two to four leaf stage
sugarbeets; 6-81f, six to eight leaf stage sugarbeets; lwk, 2wk, 3 wk, and 4 wk, sequential herbicide
applications made one, two, three, or four weeks after the initial herbicide application.
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Table 1.4. Glyphosate timing treatments, 1999.

Treatmenta	Rate	 Timingb 
kg ae/ha	 Leaf	 DAT

glyphosate	 0.84	 21f	 30
glyphosate	 0.84	 21f	 10 + 40
glyphosate	 0.84	 2 If	 20
glyphosate	 0.84	 2 if	 20 + 40
glyphosate 	 0.84 	 21f	 30 
glyphosate	 0.84	 41f	 30
glyphosate	 0.84	 41f	 10 + 40
glyphosate	 0.84	 41f	 20
glyphosate	 0.84	 41f	 20 + 40
glyphosate 	 0.84 	 4 If	 30 
glyphosate	 0.84	 6 If	 20
glyphosate 	 0.84 	 6 if	 30 
EDP	 0.37	 21f+ 4	 lf+
EDP + seth	 0.37 + 0.34	 6 if
a Abbreviations: EDP, commercial premix of ethofumesate + desmedipham + phenmedipham; seth,

sethoxydim.
b Herbicide applications were made: 2 If; two true sugarbeet leaves; 4 If, four true sugarbeet leaves; 61f,

six true sugarbeet leaves.
Abbreviations: DAT, days after initial glyphosate application.
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In 1998, sugarbeet and weed heights ranged from 0.6 to 1.3 cm at the cot sugarbeet stage

and from 1.3 to 5.0 cm at the two to four leaf sugarbeet stage (Table 1.5).

Table 1.5. Plant height at initial herbicide application for the 1998 timing study.

Sugarbeet stage
Plant	 cot	 2-4 if

	

plant height cm	

BEAVA	 1.3	 5.0

AMARE	 0.6	 1.3

CHEAL	 1.3	 3.8

SOLSA	 1.3	 5.0

ECHCG	 1.3	 3.8

Sugarbeet height and weed height ranged from 0.6 cm at the COT sugarbeet stage to 8.0

cm at the 6 leaf sugarbeet stage in 1999 (Table 1.6).

Table 1.6. Plant height at initial herbicide application for the 1999 timing study.

Sugarbeet stage
cot	 21f	 41f
	 plant height cm	

BEAVA	 0.6	 2.5	 3.8	 7.6

AMARE	 0.6	 0.6	 1.3	 2.5

CHEAL	 1.3	 2.5	 2.5	 7.6

SOLSA	 0.6	 1.9	 2.5	 2.5

ECHCG	 0.6	 1.3	 2.5	 5.0

Plant 6 If
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Glyphosate treatments were applied to two leaf, four leaf, and six leaf sugarbeets on May

10, May 18, and May 26, 1999, respectively. The cot application of the standard

herbicide program was made on May 1, 1999.

Results and Discussion

Weed control ratings in 1998 were taken after the sugarbeets were defoliated by

hail. The hail storm removed some of the sugarbeet and weed leaves and killed some of

the weeds. Removing the sugarbeet leaves exposed the soil to sunlight which could lead

to new weed germination. However, few new germinating weeds were observed. The

sugarbeet canopy reformed two to four weeks after the hail storm. Weed control

comparisons were still valid since the hail damage was uniform across the trial.

Weed control, with glyphosate rates, timings, and combinations with residual

herbicides, 1998. For all weed species, control with glyphosate was greater than and

equal to the standard herbicide program early in the season (Table 1.7). Late season

pigweed and barnyardgrass control with a single application of glyphosate was lower than

the standard and other glyphosate treatments. Since, glyphosate has no soil residual

activity, lower redroot pigweed and barnyardgrass control observed with glyphosate

applied a single time could be due to weeds that germinated after the glyphosate

application or that were covered by sugarbeet leaves when the glyphosate application was

made. Once the hailstorm removed the canopy from the sugarbeets, redroot pigweed and

barnyardgrass were able to grow efficiently in the warm July temperatures. Few common

lambsquarters and hairy nightshade plants were present later in the season. No sugarbeet
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injury was observed with any herbicide treatments early or late in the season (Table 1.8).

Herbicide treatments increased sugarbeet root yields, gross sucrose production and

estimated recoverable sucrose per hectare compared to the untreated control. Sugarbeet

root yield, gross sucrose, and estimated recoverable sucrose production per hectare were

among the lowest when glyphosate alone was applied once to two to four leaf sugarbeets

compared to other glyphosate treatments. Sugarbeet root yield, gross sucrose production

and estimated recoverable sucrose per hectare were not different between the glyphosate

treatments and the standard treatment. No differences in sucrose content, extractable

sucrose, and estimated recoverable sucrose per gram of sugarbeet were detected between

the herbicide treatments and the untreated control.



Table 1.7 . Weed control in response to glyphosate rates, timings, and combinations with residual herbicides, 1998.

Weed Control'
AMARE	 CHEAL	 SOLSA	 ECHCG

Treatment'	 Rate	 Timing"	 Early	 Late	 Early	 Late	 Early	 Late	 Early	 Late 

kg ae/ha	 Leaf	 	 % 	

cot + 2glyphosate + AMS 0:41 + 2.8

	

	 98	 92	 98	 97	 98	 92	 96	 856-8-4 +

6 +
cot + 2-4

glyphosate	 0.41	 -8	 98	 83	 97	 97	 98	 98	 94	 87

cot + 2
glyphosate	 0.63	 98	 95	 98	 98	 98	 98	 97	 926-8-4 +

6 +
cot + 2-4

glyphosate	 0.84	 -8	 98	 98	 98	 98	 98	 98	 98	 97

glyphosate	 0.84	 cot + 2-4 +

	

98	 96	 98	 97	 98	 94	 98	 97
glyphosate + etho	 0.84 + 1.12	 6-8 

ethofumesate	 1.12	 PPI
EDP	 0.28	 cot
EDP + trif	 0.37+0.0175	 2-4	 97	 89	 98	 98	 80	 93	 75	 85
EDP + trif +	 0.37+0.0175	 6-8
seth	 + 0.34

Untreated	 0	 0	 0	 0	 0	 0	 0	 0

LSD(005)	 NS	 12	 NS	 NS	 5	 NS	 NS	 11



Table 1.7. Weed control in response to glyphosate rates, timings, and combinations with residual herbicides, 1998. (continued).

Weed Control' 
AMARE	 CHEAL	 SOLSA	 ECHCG

Treatment'	 Rate	 Timing"	 Early	 Late	 Early	 Late	 Early	 Late	 Early	 Late

kg ae/ha	 Leaf

glyphosate	 0.84	 2-4	 93	 68	 98	 98	 94	 63	 93	 68

glyphosate + etho	 0.84 + 1.12	 2-4	 98	 91	 98	 98	 98	 98	 97	 90

glyphosate +	 0.84 + 0.72	 2-4	 98	 90	 97	 98	 95	 94	 98	 98
BAS 656 07 H
ethofumesate	 1.12	 PPI
EDP	 0.28	 cot
EDP + trif	 0.37+0.0175	 2-4	 97	 89	 98	 98	 80	 93	 75	 85
EDP + trif +	 0.37+0.0175	 6-8
seth	 + 0.34

Untreated	 0	 0	 0	 0	 0	 0	 0	 0

LSD(o 05)	 NS	 12	 NS	 NS	 5	 NS	 NS	 11



Table 1.7. Weed control in response to glyphosate rates, timings, and combinations with residual herbicides, 1998. (continued)

Weed control'
AMARE	 MEAL	 SOLSA	 ECHCG

	

Early	 Late	 Early	 Late	 Early	 Late	 Early	 Late

	 %	

	98 	 97	 98	 98	 98	 95	 98	 98

	

98	 95	 98	 98	 97	 98	 98	 94

	

98	 97	 98	 98	 98	 95	 97	 95

	

97	 89	 98	 98	 80	 93	 75	 85

Treatmenta	Rate	 Timing"
kg ae/ha	 Leaf

ethofumesate	 1.12	 PPI
glyphosate	 0.84	 2-4 + 6-8

ethofumesate	 1.12	 PPI
glyphosate	 0.41	 2-4 + 6-8

ethofumesate	 1.12	 PPI
glyphosate + AMS 0.41 + 2.8 2-4 + 6-8

ethofumesate	 1.12	 PPI
EDP	 0.28	 cot
EDP + trif	 0.37+0.0175	 2-4
EDP + trif +	 0.37+0.0175	 6-8
seth	 + 0.34

Untreated	 0	 0	 0	 0	 0	 0	 0	 0

LSD(0.05)	 NS	 12	 NS	 NS	 5	 NS	 NS	 11 

a Abbreviations: etho, ethofumesate; EDP, commercial premix of ethofumesate + desmedipham + phenmedipham; trif, triflusulfuron; seth, sethoxydim.
b Sugarbeet leaf stage at time of application. Abbreviations: PPI, preplant incorporated; cot, cotyledon; 2-4, two to four leaf; 6-8, six to eight leaf.

Weed control ratings: Early, 28 days after the final herbicide application; Late, end of the growing season, September 3, 1998.



Table 1.8. Sugarbeet injury and yield with glyphosate rates, timings, and combinations with residual herbicides, 1998.

Injury'	 Sugarbeet
Sucrose	 Gross
	

Estimated recoverable

1.12
0.28

0.37 + 0.0175
0.37 + 0.0175

+ 0.34

0.84

0.84
0.84 + 1.12

0.41 + 2.8

0.41

0.63

Rate
kg ae/ha

Timingb
Leaf

cot + 2-4 +
6-8

cot + 2-4 +
6-8

cot + 2-4 +
6-8

cot + 2-4 +
6-8

cot + 2-4
6-8 
PPI
cot
2-4
6-8

Treatment'

glyphosate + AMS

glyphosate

glyphosate

glyphosate

glyphosate
glyphosate + etho
ethofumesate
EDP
EDP + trif
EDP + trif +
seth 
Untreated
LSD{o on 

14 DAT	 28 DAT	 Root yield content	 sucrose	 Extraction	 sucrose
kg/ha	 %	 kg/ha	 %	 kg/ha	 gig

0	 0	 84,246	 16.02	 13,499	 90.33	 12,198	 65.6

0	 0	 78,736	 16.27	 12,812	 90.04	 11,539	 66.5

0	 83,305	 15.98	 13,304	 90.63	 12,059	 65.6

0	 0	 83,507	 16.02	 13,375	 90.32	 12,083	 65.6

0	 0	 86,262	 16.08	 13,868	 90.54	 12,559	 66.0

5
	

0	 77,817	 15.78	 12,265	 90.12	 11,054	 64.5

0
	

0	 26,051	 15.90	 4,132	 90.81	 3,745	 65.5
NS
	

NS	 5,868	 0.67	 1,029	 NS	 979	 NS



Table 1.8. Sugarbeet injury and yield with glyphosate rates, timings, and combinations with residual herbicides, 1998 (continued).

Injury'
	

Sugarbeet

14 DAT 28 DAT
Sucrose	 Gross

Root yield	 content	 sucrose
kg/ha	 kg/ha

Estimated recoverable
sucrose 

kg/ha	 g/g

10,780	 65.2

11,481	 65.9

11,975	 65.9

glyphosate

glyphosate + etho

glyphosate +
BAS 656 07 I-1
ethofumesate
EDP
EDP + trif
EDP + trif +
seth 
Untreated

LSD(o05)

Rate
kg ae/ha

0.84

0.84 + 1.12

0.84 + 0.72

1.12
0.28

0.37 + 0.0175
0.37 + 0.0175

+ 0.34

Timingb
Leaf

	

2-4	 3

	

2-4	 0

	

2-4	 0

PPI
cot

	

2-4	 5
6-8

0
NS

Treatment' Extraction

90.24

89.98

90.56

90.12	 11,054	 64.5

0
NS

26,051	 15.90	 4,132	 90.81
5,868	 0.67	 1,029 NS	 979	 NS

3,745	 65.5

0	 75,062	 15.93	 11,946

0
	

78,915	 16.16	 12,757

0
	

82,409	 16.05	 13,223

0
	

77,817	 15.78	 12,265



Table 1.8. Sugarbeet injury and yield, glyphosate rates, timings, and combinations with residual herbicides, 1998 (continued).

Injury'
	

Sugarbeet

Rate
kg ae/ha

1.12
0.84
1.12
0.41
1.12

0.41 + 2.8
1.12
0.28

0.37 + 0.0175
0.37 + 0.0175

+ 0.34

Timingb
Leaf

PPI
2-4 + 6-8

PPI
2-4 + 6-8

PPI
2-4 + 6-8

PPI
cot
2-4
6-8

Treatmenta
Sucrose	 Gross
	

Estimated recoverable
14 DAT	 28 DAT
	

Root yield
	

content	 sucrose
	

Extraction	 sucrose 
kg/ha
	

kg/ha
	

kg/ha

0
	

0
	

83,148
	

16.63	 13,822
	

91.08	 12,591	 68.6

0

0

5

0
	

82,588	 16.24	 13,405	 90.27	 12,103	 66.5

	

83,865	 16.16	 13,552	 90.53	 12,267	 66.4

0
	

77,817	 15.78	 12,265	 90.12	 11,054	 64.5

ethofumesate
glyphosate
ethofumesate
glyphosate
ethofumesate
glyphosate + AMS
ethofumesate
EDP
EDP + trif
EDP + trif +
seth
Untreated
LSD(o 
a Abbreviations: etho, ethofumesate; EDP, commercial premix of ethofumesate + desmedipham + phenmedipham; trif, triflusulfuron; seth, sethoxydim.
b Sugarbeet leaf stage at time of application. Abbreviations: PPI, preplant incorporated; cot, cotyledon; 2-4, two to four leaf; 6-8, six to eight leaf.

Abbreviation: DAT, days after the final herbicide application.

0	 0
	

26,051	 15.90	 4,132	 90.81	 3,745	 65.5
NS	 NS
	

5,868	 0.67	 1,029	 NS	 979	 NS
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Weed control equal to and greater than the standard herbicide program can consistently be

obtained with a single application of glyphosate applied in combination with residual

herbicides, and two or three applications of glyphosate. Weed control from single

application of glyphosate alone is variable. However, if sugarbeet leaves can shade the

row soon after the glyphosate application, weed control with a single application of

glyphosate can be similar to multiple applications of glyphosate.

Weed control, with glyphosate rates, timings, and combinations with residual

herbicides, 1999. Weed control with glyphosate was greater than and equal to the

standard herbicide program early in the season for all weed species (Table 1.9).

Glyphosate treatments provided weed control similar to one another early and late in the

season except a single application of glyphosate combined with ethofumesate resulted in

lower common lambsquarters control late compared to other treatments late in the season.

Postemergence treatments containing ethofumesate resulted in greater sugarbeet

injury 14 days after the herbicide application. No injury was observed with any treatment

28 days after application (Table 1.10).

Herbicide treatments increased sugarbeet root yields, gross sucrose production,

and estimated recoverable sucrose per hectare compared to the untreated control.

Sugarbeet root yield, gross sucrose production, and estimated recoverable sucrose per

hectare were not different between the glyphosate treatments and the standard treatment.

No differences in sucrose content, extractable sucrose, and estimated recoverable sucrose

per gram of sugarbeet were detected between the herbicide treatments and the untreated

control. Sugarbeet yields were similar with a single application of glyphosate compared to

multiple applications of glyphosate even though weed control was variable with the single



application. A single application of glyphosate at the two to four leaf stage removed

enough weeds to allow sugarbeets to grow without enough competition from weeds to

cause a yield loss.
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Table 1.9. Weed control in response to glyphosate rates, timings, and combinations with residual herbicides, 1999.

Weed Control'
AMARE	 CHEAL	 SOLSA	 ECHCG

Treatment'	 Rate	 Timingb	 Early	 Late	 Early	 Late	 Early	 Late	 Early	 Late

kg ae/ha	 Leaf	 	 %	

cot + 2glyphosate + AMS 0.41 + 2.8

	

	 100	 90	 100	 100	 100 	 100	 100.	 956-8-4 +

+cot 2-4 +
glyphosate	 0.41	 100	 92	 100	 100	 100	 100	 100	 95

6-8
cot + 2-4 +

glyphosate	 0.63	 100	 88	 100	 100	 100	 100	 100	 98
6-8
+cot 2-4 +

glyphosate	 0.84	 99	 89	 100	 98	 99	 100	 100	 97
6-8

glyphosate	 0.84	 cot + 2-4 +

	

100	 89	 100	 97	 100	 98	 100	 97
glyphosate + etho	 0.84 + 1.12	 6-8 

Untreated	 0	 0	 0	 0	 0	 0	 0	 0

LSD(005)	 NS	 NS	 NS	 4	 NS	 NS	 NS	 NS



Table 1.9. Weed control in response to glyphosate rates, timings, and combinations with residual herbicides, 1999 (continued).

Weed Control'
AMARE	 CHEAL	 SOLSA	 ECHCG

Treatmene	 Rate	 Timingb	 Early	 Late	 Early	 Late	 Early	 Late	 Early	 Late

kg ae/ha	 Leaf	 	 %	

glyphosate	 0.84	 2-4	 94	 78	 100	 100	 99	 92	 100	 98

glyphosate + etho	 0.84 + 1.12	 2-4	 97	 82	 100	 93	 97	 100	 100	 95

0.84 + 0.72	 2-4	 99	 89	 100	 97	 100	 97	 100	 96
BAS 656 07 H

ethofumesate	 1.12	 PPI
EDP	 0.28	 cot
EDP + trif	 0.37+0.0175	 2-4	 100	 95	 98	 100	 98	 100	 99	 93
EDP + trif +	 0.37+0.0175	 6-8
seth	 + 0.34

Untreated	 0	 0	 0	 0	 0	 0	 0	 0

LSD(005)	 NS	 NS	 NS	 4	 NS	 NS	 NS	 NS

glyphosate +



Table 1.9. Weed control in response to glyphosate rates, timings, and combinations with residual herbicides, 1999 (continued).

Weed Control'

Treatment'	 Rate	 Timingb
kg ae/ha	 Leaf

ethofumesate	 1.12	 PPI
glyphosate	 0.84	 2-4 + 6-8

ethofumesate	 1.12	 PPI
glyphosate	 0.41	 2-4 + 6-8
ethofumesate	 1.12	 PPI
glyphosate + AMS 0.41 + 2.8 2-4 + 6-8

AMARE	 CHEAL	 SOLSA	 ECHCG
Early	 Late	 Early	 Late	 Early	 Late	 Early	 Late

100	 90	 100	 97	 100	 97	 100	 100

100	 91	 100	 100	 99	 97	 100	 93

100	 87	 100	 100	 100	 97	 100	 98

ethofumesate	 1.12	 PPI
EDP	 0.28	 cot
EDP + trif	 0.37+0.0175	 2-4	 100	 95	 98	 100	 98	 100	 99	 93
EDP + trif +	 0.37+0.0175	 6-8
seth	 + 0.34
Untreated	 0	 0	 0	 0	 0	 0	 0	 0
LSD(005)	 NS	 NS	 NS	 4	 NS	 NS	 NS	 NS
a Abbreviations: etho, ethofumesate; EDP, commercial premix of ethofumesate + desmedipham + phenmedipham; trif, triflusulfuron; seth, sethoxydim.
b Sugarbeet leaf stage at time of application. Abbreviations: PPI, preplant incorporated; cot, cotyledon; 2-4, two to four leaf; 6-8, six to eight leaf.

Weed control ratings: Early, 28 days after the final herbicide application; Late, end of the growing season, September 7, 1999.



Table 1.10. Sugarbeet injury and yield with glyphosate rates, timings, and combinations with residual herbicides, 1999.

glyphosate + AMS

glyphosate

glyphosate

glyphosate

glyphosate
glyphosate + etho 

Rate
kg ae/ha

0.41 + 2.8

0.41

0.63

0.84

0.84
0.84 + 1.12

Timingb
Leaf

cot + 2-4 +
6-8

cot + 2-4 +
6-8

cot + 2-4 +
6-8

cot + 2-4 +
6-8

cot + 2-4
6-8

Injury'

14 DAT 28 DAT

0
	

3

0
	

2

0
	

2

0
	

3

25
	

3

Root yield
kg/ha

88,928

83,305

84,358

82,096

84,358

	

Sucrose
	

Gross

	

content
	 sucrose

kg/ha

	

17.79
	

15,813

17.91	 14,911

	

17.67	 14,887

	

18.04	 14,794

	

17.66	 14,895

Sugarbeet
Estimated recoverable

Extraction	 sucrose 
kg/ha	 g/g

	

92.85
	

14,682	 74.9

	

92.72	 13,825	 75.3

	

92.93	 13,833	 74.5

	

93.08	 13,770	 76.1

	

92.90	 13,836	 74.4

Treatment'

ethofumesate
EDP
EDP + trif
EDP + trif +
seth 
Untreated
LSD(o05)

1.12
0.28

0.37 + 0.0175
0.37 + 0.0175

+ 0.34

PPI
cot
2-4
6-8

13	 0	 85,411	 17.54	 14,982	 92.97	 13,929	 73.9

0
	

0
	

18,681	 18.22	 3,426	 93.47	 3,209	 77.1

3
	

NS
	

10,348	 NS	 1,188	 0.69	 1,096	 NS



Treatmenta

glyphosate

glyphosate + etho

glyphosate +
BAS 656 07

Rate
kg ae/ha

0.84

0.84 + 1.12

0.84 + 0.72

Table 1.10. Sugarbeet injury and yield with glyphosate rates, timings, and combinations with residual herbicides, 1999 (continued).

ethofumesate
EDP
EDP + trif
EDP + trif +
seth 
Untreated
LSD(0 05)

1.12
0.28

0.37 + 0.0175
0.37 + 0.0175

+ 0.34

Injury'

Timingb	14 DAT 28 DAT
Leaf

	

2-4	 0

	

2-4	 12	 0

	

2-4	 3	 2

PPI
cot

	

2-4	 13	 0
6-8

0	 0
3	 NS

	

Sucrose	 Gross

	

content	 sucrose
kg/ha

17.95	 14,626

	

17.87	 14,040

	

17.92	 15,357

85,411	 17.54	 14,982

	

18,681	 18.22	 3,426

	

10,348	 NS	 1,188

Sugarbeet
Estimated recoverable

Extraction	 sucrose 
kg/ha	 g/g

	92.91 	 13,587	 75.6

	

93.04	 13,064	 75.4

	

92.93	 14,271	 75.5

92.97	 13,929	 73.9

	

93.47	 3,209

	

0.69	 1,096	 NS

Root yield
kg/ha

81,558

78,579

85,769

77.1



Table 1.10. Sugarbeet injury and yield with glyphosate rates, timings, and combinations with residual herbicides, 1999 (continued).

Injury'
	

Sugarbeet
Sucrose	 Gross	 Estimated recoverable

Treatment'	 Rate	 Timingb	 14 DAT	 28 DAT	 Root yield	 content	 sucrose	 Extraction	 sucrose 
kg ae/ha	 Leaf	 	 %	 	 kg/ha	 %	 kg/ha	 %	 kg/ha	 gig

ethofumesate	 1.12	 PPI	 0	 3	 87,180	 17.73	 15,458	 93.00	 14,380	 74.7glyphosate	 0.84	 2-4 + 6-8
ethofumesate	 1.12	 PPI 0	 3	 85,411	 17.85	 15,242	 92.99	 14,172	 75.3glyphosate	 0.41	 2-4 + 6-8
ethofumesate	 1.12	 PPI	 0	 3	 82,790	 17.85	 15,555	 93.16	 14,474	 74.4glyphosate + AMS 0.41 + 2.8 2-4 + 6-8.
ethofumesate	 1.12	 PPI
EDP	 0.28	 cot
EDP + trif	 0.37 + 0.0175	 2-4	 13	 0	 85,411	 17.54	 14,982	 92.97	 13,929	 73.9
EDP + trif +	 0.37 + 0.0175	 6-8
seth 	 + 0.34 
Untreated	 0	 0	 18,681	 18.22	 3,426	 93.47	 3,209	 77.1
LSDa, 05)	 3	 NS	 10,348	 NS	 1,188	 0.69	 1,096	 NS
' Abbreviations: etho, ethofumesate; EDP, commercial premix of ethofumesate + desmedipham + phenmedipham; trif, triflusulfuron; seth, sethoxydim.
b Sugarbeet leaf stage at time of application. Abbreviations: PPI, preplant incorporated; cot, cotyledon; 2-4, two to four leaf; 6-8, six to eight leaf.
' Abbreviation: DAT, days after the final herbicide application.
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Glyphosate timing trial 1998. All results from the timing study in 1998 were affected by

a uniform defoliation of the sugarbeets by a hail storm after the glyphosate treatments

were applied. Redroot pigweed control was greater early in the season with glyphosate

treatments compared to the standard herbicide program (Table 1.11). Late season

pigweed control was lower for some glyphosate treatments applied to cotyledon

sugarbeets compared to glyphosate applied initially to two to four leaf sugarbeets.

Glyphosate treatments, resulted in late season pigweed control greater than or equal to the

standard herbicide program. No treatment differences were observed for common

lambsquarters control early or late in the season. Glyphosate treatments provided greater

hairy nightshade control than the standard treatment early in the growing season. At the

end of the season, there were no differences among herbicide treatments in hairy

nightshade control. Barnyardgrass control was greater than the standard with all

glyphosate treatments 28 DAT and at the end of the season. However, end of season

barnyardgrass control with glyphosate applied initially to cot stage sugarbeets with

applications one and two weeks later was lower than the other glyphosate treatments and

the weed free check. Lower redroot pigweed and barnyardgrass control observed with

glyphosate early in the season could be due to weeds that germinated after glyphosate

applications ceased.

No herbicide injury was observed. Glyphosate treatments resulted in greater

sugarbeet root yield, gross sucrose production, and estimated recoverable sucrose per

hectare than the standard herbicide program and the untreated control. There were no

differences among treatments for sucrose content, extractable sucrose, and estimated

recoverable sucrose per gram of sugarbeet. There were no differences in sugarbeet yield
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between any of the glyphosate treatments despite the lower weed control weed control

with glyphosate applications made earlier in the growing season. This indicates that late

season weed competition was not enough to decrease sugarbeet yield.



Table 1.11. Weed control and sugarbeet yield in response to glyphosate application timing, 1998.

Weed Control'	 Sugarbeet

AMARE	 CHEAL	 SOLSA	 ECHCG	 Sucrose Gross	 Estimated
ExtractionyieldRoot

Treatment'	 Rate Timingb Early Late Early Late Early Late Early Late	 content sucrose	 recoverable sucrose

kg ae/ha	 	 %	  kg/ha	 %	 kg/ha	 %	 kg/ha	 gig
+cot

glyphosate	 0..84	 94	 67	 94	 98	 98	 95	 94	 55	 77,638	 16.06	 12,460	 91.05	 11,343	 66.79
lwk + 2wk

cot +
glyphosate	 0.84	 97	 88	 97	 98	 98	 97	 94 	 77	 78,355	 15.96	 12,504	 90.43	 11,309	 65.45

2wk + 3wk
cot +

glyphosate	 0.84	 97	 86	 97	 98	 98	 96	 98	 94	 81,491	 16.25	 13,243	 90.90	 12,038	 67.00
4wk

glyphosate	 0.84

glyphosate	 0.84

glyphosate	 0.84

2-4 if +
lwk + 2wk

2-4 if +
2wk + 3wk

2-4 If +
4wk

98	 96	 98	 98	 98	 98	 97	 77	 81,670	 15.87	 12,956	 90.30	 11,698	 65.00

98	 97	 98	 98	 98	 98	 98	 97	 82,588	 16.35	 13,498	 90.88	 12,2'67	 67.38

98	 94	 98	 98	 98	 98	 98	 93	 80,752	 16.24	 13,114	 90.82	 11,910	 66.90

weed free	 as needed	 98	 98	 98	 98	 98	 98	 98	 98	 82,768	 16.06	 13,285	 90.60	 12,038	 65.97

cot +
EDP	 0.37	 2-4 If +	 91	 72	 95	 98	 89	 98	 51	 20	 64,422	 16.19	 10,431	 90.90	 9,481	 66.75

4wk

Untreated	 0	 0	 0	 0	 0	 0	 0	 0	 20,204	 16.13	 3,251	 91.23	 2,966	 66.72

LSD(0	NS 11 NS NS	 5	 NS 24	 28	 6,580	 NS	 1,087	 NS	 1,011	 NS
a Abbreviations: EDP, commercial premix of ethofumesate + desmedipham + phenmedipham.
b Sugarbeet leaf stage at time of application. Abbreviations: cot, cotyledon; 2-4 lf, two to four leaf; lwk, one week after cot or 2-41f; 2wk, two weeks after cot

or 2-41f; 3wk, three weeks after cot or 2-41f; 4wk, four weeks after cot or 2-41f.
Weed control ratings: Early, 28 days after the final herbicide application; Late, end of the growing season, September 3, 1998.
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Glyphosate timing trial 1999. Redroot pigweed control, with glyphosate applied to two

leaf sugarbeets with a final application 20 days later or the standard herbicide program,

was lower than the other glyphosate treatments early in the season (Table 1.12).

However, only the standard program resulted in lower redroot pigweed control at the end

of the season. There were no differences among herbicide treatments for common

lambsquarters control either early or late in the season. Hairy nightshade and

barnyardgrass control were greater with glyphosate treatments compared to the standard

herbicide treatments early and late in the growing season.

None of the treatments caused sugarbeet injury. Most glyphosate treatments

resulted in greater sugarbeet root yield than the standard herbicide treatment (Table 1.12).

All herbicide treatments resulted in greater sugarbeet root yields than the untreated

control. Sucrose content, extractable sucrose, and estimated recoverable sucrose per

gram of sugarbeet were similar for all treatments. Gross sucrose production and estimated

recoverable sucrose per hectare were greater with the glyphosate treatments compared to

the standard program. All herbicide treatments increased gross sucrose production

compared to the untreated control.



Table 1.12. Weed control and sugarbeet yield in response to glyphosate application timing, 1999.

Weed control' Sugarbeet
Estimated

Extraction recoverable sucrose
AMARE

Timing" Early Late
Leaf

glyphosate

glyphosate

glyphosate

glyphosate

glyphosate

Treatment'	 Rate

kg ae/ha

CHEAL	 SOLSA	 ECHCG	 Root Sucrose Gross
Early Late Early Late Early Late 	 yield content sucrose

	  kg/ha	 %	 kg/ha kg/ha

	

92.55	 13,602

	

92.51	 14,444

14,094

	

92.95	 13,997

13,925

gig

73.64

72.78

74.73

74.16

72.08

DAT
21f

10 + 20
21f

10 + 40
2 lf

	

0.84	 97	 93	 100	 100	 100	 100	 100	 100	 85,590 17.73	 15,167	 92.93
20
21f

20 + 40
2 lf

	

0.84	 97	 97	 100 100	 100 100 100	 100	 87,696 17.19 15,066	 92.43
30

0.84

0.84

98
	

91	 100 100	 100 100	 98	 98	 83,843 17.54 14,698

100 100 100 100	 100 100 100 100	 89,981 17.34 15,609

0.84 100 100 100 100 100 100	 98	 100	 85,590 17.59 15,058

EDP
EDP + seth

Untreated
LSD(0.05)

0.37	 21f + 4 If
0.37 +	 61f	 77	 73	 97	 95	 77	 85	 90	 86	 74,188 17.77 13,182	 92.97
0.34

0	 0	 0	 0	 0	 0	 0	 0	 15,792 17.48	 3,955	 92.98
4	 4	 NS NS	 3	 4	 3	 3	 8,682	 NS	 1,515	 NS

	

12,255	 74.93

	

3,679	 73.71

	

1,203	 NS



Table 1.12. Weed control and sugarbeet yields in response to glyphosate application timing, 1999 (continued).

Weed control' 	 Sugarbeet

Treatment' Rate

kg ae/ha

glyphosate 0.84

glyphosate 0.84

glyphosate 0.84

glyphosate 0.84

glyphosate 0.84

glyphosate 0.84

glyphosate 0.84

EDP
EDP + seth

0.37
0.37 +
0.34

Untreated

AMARE	 CHEAL	 SOLSA	 ECHCG	 Root Sucrose Gross	 Estimated
Timing" Early Late Early Late Early Late Early Late 	 yield content sucrose Extraction recoverable sucrose

Leaf 	  kg/ha	 %	 kg/ha	 %	 kg/ha	 g/g
DAT
4 lf 100	 97	 100	 100	 100 100 100 100	 83,664 17.65 14,767	 92.89	 13,718	 74.37

10 + 20
4 lf 100	 98	 100	 100	 100	 100	 100	 100	 84,716 17.93	 15,188	 92.92	 14,113	 75.59

10 + 40

z0
 99	 100 100 100	 100 100	 98	 99	 89,107 17.53 15,617	 92.75	 14,487	 73.78

4 lf 100	 100	 100	 100	 100	 100	 100	 100	 85,254 18.04 15,382	 92.97	 14,300	 76.11
20 + 40

4 lf 100	 98	 100 100 100 100 100 100	 85,769 17.69 15,170	 92.76	 14,072	 74.43
30

100	 100	 100	 100	 100	 100	 100	 100	 82,611 17.90 14,780	 93.11	 13,760	 75.59

100 100	 100 100	 100 100	 100 100	 83,148 17.97 14,945	 92.86	 13,878	 75.70

21f+ 41f
61f	 77	 73	 97	 95	 77	 85	 90	 86	 74,188 17.77 13,182	 92.97	 12,255	 74.93

0	 0	 0	 0	 0	 0	 0	 0	 15,792 17.48	 3,955	 92.98	 3,679	 73.71

61f
20
61f
30

LS13005)	 4	 4	 NS NS	 3	 4	 3	 3	 8,682	 NS	 1,515	 NS	 1,203	 NS

a Abbreviations: EDP, commercial premix of ethofumesate + desmedipham + phenmedipham; seth, sethoxydim.
b Sugarbeet leaf stage at first application with sequential applications 10 to 40 days after the first application. Abbreviations: 21f, two leaf stage sugarbeets; 4

lf, four leaf stage sugarbeets; 61f, six leaf stage sugarbeets; DAT, days after initial glyphosate application.
Weed control ratings: Early, 28 days after the final herbicide application; Late, end of the growing season, September 7, 1999.
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Acceptable weed control was consistently be obtained with a single application of

glyphosate applied in combination with ethofumesate or BAS 656 07 H, or two or three

applications of glyphosate alone at rates ranging from 0.41 to 0.84 kg/ha. Redroot

pigweed and barnyardgrass control from single application of glyphosate alone is variable.

However, if sugarbeet leaves can shade the row soon after the glyphosate application,

weed control with a single application of glyphosate can be similar to multiple applications

of glyphosate. Greater sugarbeet yields were obtained with glyphosate treatments

compared to the standard herbicide program. A single application of glyphosate resulted

in similar sugarbeet yields to multiple applications of glyphosate despite lower weed

control with the single glyphosate application. Glyphosate did not injure glyphosate-

resistant sugarbeets. This would allow sugarbeet growers to apply glyphosate at any time

during the day without the risk of sugarbeet injury. Glyphosate can control a wide range

of weeds at a wide rage of sizes giving growers more flexibility as to when they can apply

glyphosate. Few and lower amounts of herbicides could be applied when using glyphosate

for weed control in glyphosate-resistant sugarbeets. Glyphosate applied multiple times at

lower rates, a single time alone, or in combination with residual herbicides at 0.84 kg/ha

effectively controlled weeds and result in similar sugarbeet root yields to the standard

herbicide program.
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Abstract

Two studies were conducted in 1998 and in 1999 with glufosinate-resistant sugarbeets. In

the first study, weed control, sugarbeet yield, and sugarbeet injury with glufosinate applied

at two timings early-postemergence or mid-postemergence with and without ammonium

sulfate were evaluated. Weed control with glufosinate treatments was equal to and

greater than the standard herbicide program. Sugarbeet root yield, gross sucrose

production, and kilograms of estimated recoverable sucrose per hectare were all greater

for glufosinate applications than the untreated control, and were equal to, and greater than

the standard herbicide program. In the second study, weed control, sugarbeet yield, and

sugarbeet injury with glufosinate following ethofumesate preplant incorporated or in

combination with ethofumesate postemergence were evaluated. In this study, glufosinate

treatments provided similar redroot pigweed, common lambsquarters, and hairy

nightshade control to the standard herbicide program in 1998 and 1999. Barnyardgrass

control was lower with glufosinate applied postemergence in combination with

ethofumesate compared to the standard herbicide program and glufosinate applied three

times alone. In 1998, glufosinate applied alone or following ethofumesate preplant

incorporated provided sugarbeet root yields equal to the standard herbicide program.

Treatments where glufosinate was applied postemergence in combination with

ethofumesate resulted in lower sugarbeet yield than the other herbicide treatments. In

1999, most glufosinate treatments provided sugarbeet root yields, gross sucrose

production, and kilograms of estimated recoverable sucrose per hectare equal to and

greater than the standard herbicide program. However, sugarbeet yield was generally

lower with the standard herbicide program and glufosinate treatments that were applied in
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combination with ethofumesate compared to glufosinate applied three times alone or

following preplant incorporated ethofumesate. Percent sucrose, percent sucrose

extraction and grams of estimated recoverable sucrose per gram of sugarbeet were not

affected by treatments in 1998 and 1999. Slight sugarbeet injury was observed early in the

growing season when ethofumesate was applied postemergence.

Nomenclature: Glufosinate; ethofumesate; desmedipham; phenmedipham, sethoxydim,

triflusulfuron; redroot pigweed, Amaranthus retroflexus L. # AMARE; common

lambsquarters, Chenopodium album L. # CHEAL; hairy nightshade, Solanum

sarrachoides L. Sendt. # SOLSA; barnyardgrass, Echinochloa crus-galli L. Beauv. #

ECHCG; sugarbeet, Beta vulgaris L. # BEAVA `Betaseed 8757 LL.'

Additional index words: Transgenic, resistant, SOLSA, ECHCG.

Abbreviations: AMS, ammonium sulfate; DAT, days after treatment; DA, days after;

EDP, commercial premix of ethofumesate, desmedipham and phenmedipham; etho,

ethofumesate; trif, triflusulfuron; seth, sethoxydim; cot, cotyledon; PPI, preplant

incorporated; EP, early- postemergence application timing, 1.3 cm weeds; MP, mid-

postemergence application timing, 2.5 to 5.0 cm weeds or 7 to 10 days after the EP

application; LP, late postemergence application timing, 7 to 10 days after the MP

application timing; LLP late late postemergence application timing, 7 to 10 days after the

LP application timing.
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Introduction

Sugarbeet (Beta vulgaris L.) growers have a small number of herbicides available

for weed control. Many herbicides used in sugarbeets control a narrower spectrum of

weeds than herbicides used in corn (Zea mays L.) and soybeans (Glycine max (L.) Merril),

and need to be applied together to achieve maximum weed control. Herbicides that

control a wider range of weeds would benefit sugarbeet producers. Glufosinate is a non-

selective, postemergence herbicide that has activity on a wide range of broadleaf and grass

plant species (Hass and Muller 1987; Steckel and DeFelice 1995). Since glufosinate is a

non-selective herbicide, it will injure and kill sugarbeets as well as weed species. By

inserting a resistance gene into crop plants that are susceptible to glufosinate, crop plants

can be genetically engineered to resist glufosinate allowing the herbicide to be sprayed

postemergence on the glufosinate-resistant crops (Shah et al. 1986; Kishore et al. 1992;

Van Wychen et al. 1999). Glufosinate-resistant crops that are grown commercially

include corn, soybeans, and canola (Brassica napus L.) (Ritter and Menbere 1998;

Culpepper and York 1999; Kumar et al. 1998). Glufosinate resistance genes have been

inserted into sugarbeet (Dexter and Luecke 1997; Gasser 1989; Kishore et al. 1992).

Glufosinate acts rapidly on plants causing them to wither and die within two to

five days. Glufosinate rapidly translocates within the plant leaves. However, glufosinate

translocation in the xylem and phloem from leaves to other meristematic regions of the

plant is limited (Hass and Muller 1987). The site of action for glufosinate is the glutamine

synthetase enzyme. Glufosinate inhibits ammonia assimilation by blocking the conversion

of glutamate and ammonia to glutamine. Excess ammonia buildup in the plant causes
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chlorosis and necrosis in plant tissues. Plants differ in their level of sensitivity to

glufosinate mainly through differences in uptake and translocation of glufosinate not

metabolic degradation (Mercy et al. 1990).

Glufosinate reduced growth of barnyardgrass (Echinochloa crus-galli (L.)

Beauv.), common ragweed (Ambrosia artemisiifolia L.), fall panicum (Panicum

dichotomiflorum Michx.), giant foxtail (Setaria faberi Herrm.) and large crabgrass

(Digitaria sanguinalis (L.) Scop.) growth in greenhouse studies (Tharp et al. 1999). Field

studies conducted for three years demonstrated that a single application of glufosinate at

rates from 0.42 to 0.56 kg ai/ha provided greater than 80 percent control of giant foxtail,

Pennsylvania smartweed (Polygonum pensylvanicum L.) and common cocklebur

(Xanthium strumarium Walk.) (Steckel et al. 1997). Sequential applications of

glufosinate in glufosinate-resistant sweet corn (Zea mays L.) provided 90 percent or

greater control of common lambsquarters, common ragweed, velvetleaf (Abutilon

theophrasti Medic.), wild proso millet (Panicum miliaceum Michx.) and fall panicum

(Van Wychen et al. 1999). Glufosinate has activity on a wide spectrum of perennial

weeds and grasses when applied postemergence at rates from 0.3 to 1.5 kg/ha (Hass and

Miller 1987).

Weed control in glufosinate-resistant sugarbeets has been studied in different

regions of the United States. In North Dakota and Minnesota, Dexter and Luecke (1997)

applied glufosinate three times, at 0.4 kg/ha, at seven day intervals and compared the

glufosinate treatments to a standard herbicide program of desmedipham, triflusulfuron,

clopyralid, and sethoxydim, and a hand-weeded check. Plots treated with glufosinate

resulted in greater extractable sucrose than the standard or hand-weeded treatment. Weed
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control with glufosinate applied three times at rates of 0.3 kg/ha, with and without

ammonium sulfate, and 0.4 kg ai/ha applied to four leaf stage sugarbeets resulted in 90 to

100 percent control of kochia (Kochia scoparia (L.) Schrad), common lambsquarters,

redroot pigweed, wild mustard (Brassica kaber (D.C.) L.C. Wheeler), hairy nightshade,

and green foxtail (Setaria viridis (L.) Beauv.) (Mesbah and Miller 1999). Wilson (1998)

reported that glufosinate at 0.3 kg/ha, applied once to four leaf stage sugarbeets and again

to six leaf stage of sugarbeets in Nebraska, resulted in 99% weed control. Downard and

Morishita (1998) reported that mixing ammonium sulfate with 0.3 kg/ha of glufosinate had

the same effect on weed control as increasing the rate to 0.4 kg/ha. Norris and Roncoroni

(1999) showed that single applications of glufosinate did not provide season-long annual

weed control due to lack of residual activity, whereas, repeated applications of glufosinate

provided over 95 percent weed control in California. The objectives of this research were

to evaluate weed control in glufosinate-resistant sugarbeets: 1) with glufosinate at

different application timings, with and without ammonium sulfate; and 2) with glufosinate

following ethofumesate PPI or in combination with ethofumesate postemergence.

Materials and Methods

Betaseed 8757 LL glufosinate-resistant sugarbeets were planted on April 16, 1998,

and April 7, 1999, to produce a stand of one sugarbeet per 5.0 cm within the row and 56

cm between the row spacing. Fields were moldboard plowed and hilled in the fall. The

tops of the hills were harrowed off in the spring to provide a uniform seed bed. The soil

type in both years was a silt loam with 2.4 percent organic matter and pH 7.0 in 1998 and
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with 1.4 percent organic matter and pH 7.9 in 1999. For insect control, Terbufos [S-

[[(1,1-dimethylethypthio]methyl]] was applied one day after planting at 34 g/ai per 305 m

of row. Plots were 2.23 m wide by 8.23 m long and were arranged in a randomized

complete block design with three replications. Sugarbeets were furrow irrigated. When

sugarbeets reached the four to six leaf stage, the sugarbeet stand was thinned to a within

row spacing of 20 cm between sugarbeet plants. Sugarbeets were sidedressed on June 5,

1998, and July 15, 1999 with 235 kg N/ ha in the form of urea .

Herbicide applications were made with a CO2-pressurized backpack sprayer

calibrated to deliver 187 L/ha at 207 kPa. Preplant herbicides were incorporated using a

rotary tiller. Visual weed control ratings were taken 28 days after the final herbicide

application, June 29, 1998, and July 13, 1999, and near the end of the growing season,

September 14, 1998, and September 20, 1999. Sugarbeet injury ratings were taken 14

and 28 days after the final herbicide treatment.

Sugarbeets were mechanically defoliated and harvested using a mechanical single-

row harvester. The center two rows of each plot were lifted and weighed for sugarbeet

root yield. A random sample of 16 beets from each plot was taken to determine sucrose

content. Harvest dates were October 15, 1998, and October 6, 1999. Parameters

measured include root yield, sucrose content, gross sucrose production, percent sucrose

extraction, kilograms of estimated recoverable sucrose per hectare, and grams of

estimated recoverable sucrose per gram of sugarbeet. Data were analyzed using analysis

of variance at an alpha level of 0.05, and means were separated using a Fisher's

protected LSD (P=0.05). Studies from 1998 and .1999 were analyzed separately due to a

hailstorm July 4, 1998, that defoliated the sugarbeets.
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Weed control with glufosinate timings and rates. Studies were conducted in 1998 and

1999 to examine glufosinate rates and application timings with and without AMS for weed

control in glufosinate-resistant sugarbeets. Glufosinate rates and application timings are

listed in Table 2.1.

Table 2.1. Glufosinate rates and application timings, 1998 and 1999.

Treatment'	 Rate 
kg ai/ha

glufosinate	 0.3
glufosinate	 0.4
glufosinate + AMS	 0.3 + 3.4
glufosinate + AMS 	 0.4 + 3.4
glufosinate	 0.3
glufosinate	 0.4
glufosinate + AMS	 0.3 + 3.4
Rlufosinate + AMS 	 0.4 + 3.4   

Timingb       

EP+MP+LP       

MP + LP + LLP

EDP	 0.37	 COT + EP + MP 
a Abbreviations: EDP, commercial premix of ethofumesate + desmedipham + phenmedipham.
b Herbicide application timings: COT, 0.6 cm weeds; EP, 1.3 cm weeds; MP, 2.5 to 5.0 cm weeds or

7 to 10 days after EP; LP, 7 to 10 days after MP; LLP, 7 to 10 days after LP.

Glufosinate was applied sequentially three times at 0.3 or 0.4 kg/ha to glufosinate-

resistant sugarbeets, EP or MP. Glufosinate treatments were compared with and without

AMS at a rate of 3.4 kg ai/ha. Glufosinate treatments were compared to a standard

herbicide program consisting of three applications of the commercial premix of

ethofumesate, desmedipham, and phenmedipham applied at COT, EP, and MP. Initial

herbicide applications were made based on the size of the weeds. After the first herbicide
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application, a sequential application was made approximately 7 to 10 days later, with the

final application 7 to 10 days after the second.

Plant size at the initial application timing differed depending on the species (Table

2.2). When glufosinate was applied EP the sugarbeets had two true leaves, and redroot

pigweed, common lambsquarters, hairy nightshade, and barnyardgrass had two leaves.

Sugarbeets had four to eight leaves when glufosinate was first applied MP.

Table 2.2. Sugarbeet and weed height at each herbicide application timing.

Application timing
cot 	 EP 	 MP 

1998	 1999	 1998	 1999	 1998	 1999
Plant	 April 27 April 24	 May 4	 May 10	 May 11 May 26 
	 plant height cm	

BEAVA	 1.3	 0.6	 1.9	 2.5	 6.4	 10.0
AMARE	 0.6	 0.6	 2.5	 2.5
CHEAL	 0.6	 1.9	 -	 3.8	 7.6
SOLSA	 0.6	 0.6	 1.3	 2.5	 2.5	 5.0
ECHCG	 -	 1.3	 2.5	 2.5	 7.6

Weed control with glufosinate alone, in combination with, or following

ethofumesate. Studies were conducted in 1998 and 1999 to compare weed control with

glufosinate rates, application times, and combinations with ethofumesate. Glufosinate

treatments were compared to each other and to a standard herbicide program. Glufosinate

rates, 0.3 or 0.4 kg/ha, and application timings were examined alone, following a PPI

application of ethofumesate at 1.12 kg/ha, or in combination with ethofumesate at a rate

of 1.12 kg/ha (Table 2.3).
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Table 2.3. Glufosinate rates and application timings alone or with ethofumesate.

Treatment'	 Rate	 Timing" 
kg ai/ha

ethofumesate +	 1.12 +	 PPI +
glufosinate	 0.3	 MP + LP
ethofumesate +	 1.12 +	 PPI +
glufosinate	 0.3	 MP + LP
glufosinate	 0.3	 EP + MP + LP
glufosinate	 0.4	 EP + MP + LP
glufosinate	 0.3	 MP + LP + LLP
glufosinate 	 0.4 	 MP + LP + LLP
glufosinate	 0.3 +	 EP +
glufosinate + etho	 0.3 + 1.12	 MP
glufosinate	 0.4 +	 EP +
glufosinate + etho	 0.4 + 1.12	 MP
glufosinate	 0.3 +	 MP +
glufosinate + etho	 0.3 + 1.12	 LP
glufosinate	 0.4 +	 MP +
glufosinate + etho 	 0.4 + 1.12	 LP 
ethofumesate	 1.12 +	 PPI
EDP	 0.3 +	 COT
EDP + trif	 0.37 + 0.0175	 EP
EDP + trif + sethoxydim 	 0.37 + 0.0175 + 0.34	 MP 
a Abbreviations: etho, ethofumesate; EDP, commercial premix of ethofumesate + desmedipham +
phenmedipham; trif, triflusulfuron.

b Herbicide application timings: PPI, preplant incorporated; COT, 1.0 cm weeds; EP, 1.3 cm weeds; MP,
2.5 to 5.0 cm weeds or 7 to 10 days after EP; LP 7 to 10 days after LP; LLP, 7 to 10 days after LP.

The sequential glufosinate applications were initiated at the EP and MP weed

stages followed by two sequential applications of glufosinate, 7 to 10 days apart, for a

total of three glufosinate applications. Glufosinate was applied in combination with

ethofumesate postemergence, 7 to 10 days after an initial EP or MP application of

glufosinate. When ethofumesate was applied PPI, glufosinate was applied MP and then

LP, 7 to 10 days later. Glufosinate treatments were compared to a standard herbicide

program of ethofumesate at 1.12 kg/ha applied PPI, a premix of ethofumesate,
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desmedipham, and phenmedipham at 0.28 kg ai/ha applied to cotyledon sugarbeets, the

premix at 0.37 kg/ha in combination with triflusulfuron at 0.0175 kg ai/ha applied EP in

1998 and MP in 1999, and the premix and triflusulfuron at 0.37 and 0.0175 kg/ha in

combination with sethoxydim at 0.34 kg ai/ha applied MP in 1998 and LP in 1999. Weed

heights at the time of herbicide application are presented in Table 2.4.

Table 2.4. Sugarbeet and weed height at each herbicide application.

Application timing
PPI 	 COT 	 EP 	 MP 

1998	 1999	 1998	 1999	 1998	 1999	 1998	 1999
Plant	 Apr 13 Apr 7 Apr 27 Apr 24 May 4 May 5 May 11 May 18 
	 plant height cm	

BEAVA	 1.3	 0.6	 1.9	 1.9	 5.0	 3.8
AMARE	 -	 -	 0.6	 0.6	 2.5	 1.3
CHEAL	 1.3	 1.9	 1.3	 3.8	 5.0
SOLSA	 1.3	 0.6	 1.3	 1.3	 3.8	 2.5
ECHCG	 1.3	 1.3	 6.4	 3.8

Results and Discussion

Weed control with glufosinate timings and rates, 1998. Sugarbeet injury was observed

14 days after the final herbicide application with the standard program in 1998 (Table 2.5).

Injury symptoms were not visible 28 days after application. A hail storm uniformly

defoliated the sugarbeets after the herbicide treatments were applied in 1998. All results

are reported as effected by the hail storm.

Early season redroot pigweed and hairy nightshade control were not different with

any of the herbicide treatments. Barnyardgrass control was not evaluated early in the
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season because plants were small making it difficult to compare between treatments.

Early season common lambsquarters control was lowest when glufosinate was applied EP

at 0.3 kg/ha. No treatment differences were observed for common lambsquarters and

hairy nightshade control late in the season. Late season redroot pigweed control was

greater when glufosinate was applied to MP stage weeds. Glufosinate treatments resulted

in greater barnyardgrass control than the standard herbicide program.

All herbicide treatments increased sugarbeet root yield, gross sucrose production,

and kilograms of estimated recoverable sucrose per hectare compared to the untreated

check. Most glufosinate treatments resulted in greater sugarbeet root yields, gross

sucrose production, and estimated recoverable sucrose compared the standard herbicide

program. Percent sucrose content and grams of estimated recoverable sucrose per gram

of sugarbeet were not different among treatments.



glufosinate

glufosinate +
AMS
glufosinate +
AMS

0.4	
EP +

0.3 + MP + LP
3.4
0.4 +
3.4

Table 2.5. Weed control, sugarbeet injury, and sugarbeet yield with glufosinate application timings and rates, 1998.

Sugarbeet injury 
	

Weed control°
	

Sugarbeetd

Root
yield
kg/ha

Sucrose
content

16.370	 0	 92 88 85 94 92 95	 88 94,752

Treatments
	

Rate Timing
kg ai/ha

glufosinate	 0.3

14	 28
DAT DAT

AMARE CHEAL SOLSA ECHCG

Early Late Early Late Early Late Early Late
Gross

sucrose Extraction
kg/ha

15,437	 90.20

Estimated
recoverable

sucrose
kg/ha	 g/g

13,924 67.13

0	 0	 95	 85	 95	 97	 95	 97	 -	 85	 94,752	 16.32	 15,514	 90.11	 13,981 66.68

0	 0	 95	 83	 88 97 95 98	 -	 78	 91,840 16.64	 15,357	 90.36	 13,877 68.27

0	 0	 95	 78	 92	 97	 95	 97	 -	 78	 92,512	 16.42	 15,151	 90.18	 13,664 67.13

COT +
EDP
	

0.37	 EP +
	

17	 0	 95 83 95 94 95	 95	 -	 33	 87,360 16.28 14,224	 90.15	 12,824 66.68
MP

Untreated
	

0	 0	 0	 0	 0	 0	 0	 0	 -	 0	 26,880 16.21	 4,218
	

91.55	 3,864 67.35

LSD(0.05)	 5	 NS	 NS 11	 6 NS NS NS -	 27	 4,256	 NS	 670
	

0.55	 628	 NS



0	 0	 0	 0	 0	 0	 0	 0	 0	 26,880 16.21

5	 NS	 NS 11 6 NS NS NS - 27 4,256	 NS	 670	 0.55

3,864 67.35

628	 NS

Untreated

LSD(005)

4,218	 91.55

Table 2.5. Weed control, sugarbeet injury, and sugarbeet yield with glufosinate application timings and rates, 1998 (continued).

Sugarbeet injury	 Weed control' Sugarbeetd

14	 28
Treatment'	 Rate Timingb DAT DAT

AMARE CHEAL SOLSA ECHCG

Early Late Early Late Early Late Early Late
Root Sucrose Gross
yield content sucrose Extraction
kg/ha	 %	 kg/ha	 %

Estimated
recoverable

sucrose 
kg/ha	 g/gkg ai/ha 

glufosinate	 0.3	 0	 0	 92 95 92 98 92 98 92	 93,408	 16.27	 15,103	 90.23 13,629 66.45

glufosinate

glufosinate +
AMS
glufosinate +
AMS

0	 0	 95 97 92 97 92 97

0	 0	 95 94 92 98 95 98

3	 0	 95 97 95 97 95 97	 -

89	 91,168	 16.13	 14,744	 90.25	 13,308 66.00

88	 94,080	 16.31	 15,298	 90.15	 13,792 66.68

93	 91,168	 16.54	 15,052	 90.40	 13,608 67.81

0.4 MP + LP
0.3 + + LLP
3.4
0.4 +
3.4

COT +
EDP	 0.37	 EP +

MP
17	 0	 95 83 95 94 95 95 33	 87,360	 16.28	 14,224	 90.15	 12,824 66.68

Abbreviations: EDP, commercial premix of ethofumesate + desmedipham + phenmedipham.
b Herbicide application timings: COT, 0.6 cm weeds; EP, 1.3 cm weeds; MP, 2.5 to 5.0 cm weeds or 7 to 10 days after EP; LP 7 to 10 days after LP; LLP, 7 to

10 days after LP.
Weed control ratings taken early, 28 days after treatment, and late, September 14, 1998.

d Sugarbeets were harvested October 15, 1998.
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Weed control with glufosinate timings and rates, 1999. Sugarbeet injury was not

observed with any of the herbicide treatments (Table 2.6). Hairy nightshade and common

lambsquarters control were not different between herbicide treatments early or late in the

season. All glufosinate treatments improved redroot pigweed control early and late in the

season compared to the standard herbicide program. The greatest redroot pigweed

control was with 0.4 kg/ha of glufosinate plus AMS regardless of application timing or

glufosinate with AMS at 0.3 kg ai/ha applied at the EP timing. Barnyardgrass control, 28

DAT and one month before harvest, was lowest with the standard herbicide program or

glufosinate applied at 0.3 kg/ha without AMS to EP or MP stage weeds.

Treatments with the standard herbicide program and the low rate of glufosinate

without AMS resulted in the lowest sugarbeet root yields, gross sucrose production, and

kilograms of estimated recoverable sugar per hectare compared to other glufosinate

treatments, in 1999. However, sugarbeet root yield, gross sucrose production per hectare,

and kilograms of estimated recoverable sucrose per hectare was higher with all herbicide

treatments compared to the untreated control. The were no differences in treatments for

percent sucrose content, percent extraction, and grams of estimated recoverable sucrose

per gram of sugarbeet.



glufosinate

glufosinate +
AMS
glufosinate +
AMS

0.4	
EP +

0.3 + lvfP + LP
3.4
0.4 +
3.4

Table 2.6. Weed control, sugarbeet injury, and sugarbeet yield with glufosinate application timings and rates, 1999.  

Sugarbeet injury Weed control' 

AMARE MEAL SOLSA ECHCG

Early Late Early Late Early Late Early Late   

Sugarbeetd 

Treatment' Rate Timingb
kg ai/ha

14	 28
DAT DAT  

Root
yield
kg/ha

Sucrose
content

Gross
sucrose Extraction
kg/ha

Estimated
recoverable

sucrose
kg/ha	 g/g               ova             

glufosinate	 0.3
	

0
	

85	 87	 88	 86	 95 100 67	 72	 73,920	 18.0	 13,253	 92.93	 12,317 76.00

2	 0	 98 95 90 93	 97 100 88 87	 84,448	 18.1	 15,248	 92.94	 14,156 76.27

0	 0	 97	 92	 88 93 100 100 93	 92	 83,552	 17.8	 14,939	 92.83	 13,866 74.99

0	 0	 100 98 90 90 100 100 96 96	 80,640	 18.2	 14,776	 93.04	 13,747 76.97

COT +
EDP
	

0.37	 EP +
	

2	 0	 70 65 100 80 93	 93 78 67	 66,528	 18.5	 12,254	 93.12	 11,412 78.31
MP

Untreated

LSD(o 05)

0

NS

0	 0	 0	 0	 0	 0	 0	 0	 0	 25,312	 18.5	 4,691	 93.52	 4,387 78.63

NS	 10 9 NS NS NS NS 12 13	 8,736	 NS	 1,514	 NS	 1,418	 NS



Sugarbeetd

Sucrose
content

18.0

Estimated
Gross	 recoverable

sucrose Extraction	 sucrose
kg/ha	 %	 kg/ha g/g

12,036	 92.72	 11,163 75.86

Root
yield
kg/ha

67,200

glufosinate

glufosinate +
AMS
glufosinate +
AMS

0.4 MP + LP
0.3 + + LLP
3.4
0.4 +
3.4

0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 25,312	 18.5

NS
	

NS	 10 9 NS NS NS NS 12 13 8,736	 NS

	

4,691	 93.52	 4,387 78.63

	

1,514	 NS	 1,418	 NS

Untreated

LSD0,5)

Table 2.6. Weed control, sugarbeet injury, and sugarbeet yield with glufosinate application timings and rates, 1999 (continued).

Treatment'	 Rate Timingb
kg ai/ha

glufosinate	 0.3

Sugarbeet injury	 Weed control'

AMARE CHEAL SOLSA ECHCG

Early Late Early Late Early Late Early Late

0	 0	 80 80 83 100 93 100 78 82

14	 28
DAT DAT

2	 0	 87 85 90 100 90 100 84 85	 77,728	 17.9	 13,908	 92.02	 12,937 75.41

2	 0	 87 85 100 100 100 100 87 87	 82,880	 17.8	 14,893	 92.81	 13,822 74.96

0	 0	 98 100 98 100 98 100 93	 90	 79,968	 18.3	 14,661	 92.90	 13,618 77.11

COT +
EDP	 0.37 EP +

MP
2	 0	 70 65 100 80	 93	 93 78 67	 66,528	 18.5	 12,254	 93.12	 11,412 78.31

a Abbreviations: EDP, commercial premix of ethofumesate + desmedipham + phenmedipham.
b Herbicide application timings: COT, 0.6 cm weeds; EP, 1.3 cm weeds; MP, 2.5 to 5.0 cm weeds or 7 to 10 days after EP; LP 7 to 10 days after LP; LLP, 7 to

10 days after LP.
Weed control ratings taken early, 28 days after treatment, and late, September 20, 1999.

d Sugarbeets were harvested October 6, 1999.
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Weed control with glufosinate alone, in combination with, or following

ethofumesate, 1998. Results are reported as effected by herbicide treatments and

defoliation by the hail storm. Early season common lambsquarters and hairy nightshade

control was lower than the standard herbicide program when glufosinate was applied at

0.3 kg/ha in combination with ethofumesate (Table 2.7). Early season common

lambsquarters control was lower than the standard when glufosinate was applied three

times alone at 0.3 kg/ha. Weed control evaluations taken late in the growing season

resulted in no differences in common lambsquarters, hairy nightshade, and barnyardgrass

control from herbicide treatments. Redroot pigweed control with glufosinate at 0.4 kg/ha

was equal to the standard herbicide program in most cases later in the season. However,

the lowest redroot pigweed control was observed when glufosinate was applied at 0.3

kg/ha alone or when glufosinate was applied to MP stage weeds followed with a single

application of glufosinate in combination with ethofumesate regardless of glufosinate rate.

Injury was observed 14 days after treatment with the standard herbicide program

and glufosinate applied in combination with ethofumesate (Table 2.8). At 28 days after

treatment, no injury was observed.

There were no differences in percent sucrose content, percent sucrose extraction

and gams of estimated recoverable sucrose per gram of sugarbeet with any of the

treatments (Table 2.8). All herbicide treatments resulted in increased sugarbeet root yield,

gross sucrose production, and estimated recoverable sucrose compared to the untreated

control. The standard herbicide program and glufosinate treatments applied alone or
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following ethofumesate applied PPI resulted in some of the greater sugarbeet

yields compared to treatments with glufosinate applied in combination with ethofumesate

postemergence.



Table 2.7. Weed control with glufosinate applied alone, in combination with, or following ethofumesate, 1998.

Weed control' 
AMARE	 CHEAL	 SOLSA	 ECHCG

Treatment'	 Rate	 Timingb	 Early	 Late	 Early	 Late	 Early	 Late	 Early	 Late

kg ai/ha	 	 %	

ethofumesate	 1.12 +	 PPI +

	

73	 93	 87	 96	 95	 97	 86
glufosinate	 0.3	 MP + LP
ethofumesate	 1.12 +	 PPI +

	

88	 97	 92	 97	 95	 98	 93
.glufosinate 	 0.4	 MP + LP 

+ MPEP
glufosinate	 0.3	 87	 87	 82	 85	 88	 92	 79

+ LP
EP ÷ MP

glufosinate	 0.4	 92	 89	 92	 96	 95	 97	 92
+ LP
PM + LP

glufosinate	 0.3	 73	 82	 77	 87	 95	 98	 88
+ LLP

LP+MP
glufosinate	 0.4	 92	 95	 92	 96	 92	 98	 94

+ LLP
ethofumesate	 1.12 +	 PPI
EDP	 0.3 +	 COT
EDP + trif	 0.37 + 0.0175	 EP	 95	 98	 95	 98	 95	 98	 95
EDP + trif +	 0.37 + 0.0175	 MP
sethoxydim 	 + 0.34 

Untreated	 0	 0	 0	 0	 0	 0	 0

LSD(o0.5)	 11	 10	 13	 NS	 11	 NS	 NS



Table 2.7. Weed control with glufosinate applied alone, in combination with, or following ethofumesate, 1998 (continued.)

Weed control'
AMARE	 CHEAL	 SOLSA	 ECHCG

Treatment'	 Rate	 Timing"	 Early	 Late	 Early	 Late	 Early	 Late	 Early	 Late
kg ai/ha

glufosinate	 0.3 +	 EP +
30	 89	 50	 88	 50	 94	 68glufosinate + etho 0.3 + 1.12 	 MP

glufosinate	 0.4 +	 EP +
75	 93	 88	 93	 92	 95	 75glufosinate + etho 0.4 + 1.12	 MP

glufosinate	 0.3 +	 MP +
37	 87	 73	 89	 77	 94	 58glufosinate + etho 0.3 + 1.12	 LP

glufosinate	 0.4 +	 MP +
61	 85	 80	 91	 87	 94	 83.glufosinate + etho 0.4 + 1.12 	 LP 

ethofumesate	 1.12 +	 PPI +
EDP	 0.3 +	 COT +
EDP + trif	 0.37 + 0.0175	 EP +	 95	 98	 95	 98	 95	 98	 95
EDP + trif +	 0.37 + 0.0175	 MP
sethoxydim 	 + 0.34 

Untreated	 0	 0	 0	 0	 0	 0	 0
L Sp(o 05)	 11	 10	 13	 NS	 11	 NS	 NS
a Abbreviations: etho, ethofumesate; EDP, commercial premix of ethofumesate + desmedipham + phenmedipham; trif, triflusulfuron.
b Herbicide application timings: PPI, preplant incorporated; COT, 1.0 cm weeds; EP, 1.3 cm weeds; MP, 2.5 to 5.0 cm weeds or 7 to 10 days after EP; LP 7 to

10 days after LP; LLP, 7 to 10 days after LP.
Weed control ratings taken early, 28 days after treatment, and late, September 14, 1998.



Table 2.8. Sugarbeet injury and yield with glufosinate applied alone, in combination with, or following ethofumesate, 1998.

Sugarbeet injury	 Sugarbeef

	

Sucrose	 Gross	 Estimated recoverable
Treatment'	 Rate	 Timing"	 14 DAT	 28 DAT	 Root yield	 content	 sucrose	 Extraction	 sucrose 

kg ai/ha	 	 %	 	 kg/ha	 %	 kg/ha	 %	 kg/ha	 gig
ethofumesate	 1.12 +	 PPI

10	 0	 90,944	 16.18	 14,694	 89.99	 13,224	 66.00
glufosinate	 0.3	 MP + LP
ethofumesate	 1.12 +	 PPI 10	 2	 94,080	 16.17	 15,135	 90.08	 13,634	 66.00
glufosinate	 0.4 	 MP + LP 

+ MPEP
glufosinate	 0.3	 0	 0	 91,168	 16.46	 14,918	 90.45	 13,493	 67.43

+ LP
+ MPEP

glufosinate	 0.4	 0	 0	 93,408	 16.28	 15,142	 90.12	 13,649	 66.52
+ LP
PM + LP

glufosinate	 0.3	 5	 0	 88,032	 16.24	 14,336	 90.41	 12,970	 66.68
+ LLP

LP+MP
glufosinate	 0.4	 2	 0	 94,080	 16.06	 15,061	 90.00	 13,552	 65.54

+ LLP
ethofumesate	 1.12 +	 PPI
EDP	 0.3 +	 COT
EDP + trif	 0.37 + 0.0175	 EP	 17	 0	 97,888	 16.09	 15,680	 89.80	 14,082	 65.48
EDP + trif + 0.37 + 0.0175 	 MP
sethoudim	 + 0.34 

Untreated	 0	 0	 17,920	 15.96	 2,789	 91.15	 2,576	 65.84

LSD0 05)	 12	 NS	 7,392	 NS	 1,232	 0.74	 1,135	 NS



Table 2.8. Sugarbeet injury and yield with glufosinate applied alone, in combination with, or following ethofumesate, 1998 (continued).

Sugarbeet injury	 Sugarbeetc

	

Sucrose	 Gross	 Estimated recoverable
Treatment'	 Rate	 Timingb	 14 DAT 28 DAT Root yield 	 content	 sucrose	 Extraction	 sucrose 

kg ai/ha	 	 %	 	 kg/ha	 %	 kg/ha	 %	 kg/ha	 gig
glufosinate	 0.3 +	 EP +

5	 0	 75,488	 16.17	 12,283	 90.53	 11,118	 66.38
glufosinate + etho 0.3 + 1.12	 MP
glufosinate	 0.4 +	 EP + 0	 0	 87,360	 16.09	 14,075	 90.40	 12,723	 66.00
glufosinate + etho 0.4 + 1.12	 MP
glufosinate	 0.3+	 MP +

7	 0	 79,968	 16.57	 13,104	 90.72	 11,887	 68.20
glufosinate + etho 0.3 + 1.12	 LP
glufosinate	 0.4 +	 MP + 18	 0	 86,688	 16.04	 13,866	 90.13	 12,499	 65.54
glufosinate + etho_  0.4 + 1.12	 LP 
ethofumesate	 1.12 +	 PPI +
EDP	 0.3 +	 COT +
EDP + trif	 0.37 + 0.0175	 EP +	 17	 0	 97,888	 16.09	 15,680	 89.80	 14,082	 65.48
EDP + trif +	 0.37 + 0.0175	 MP
sethoxydim 	 + 0.34 

Untreated 0	 0	 17,920	 15.96	 2,789	 91.15	 2,576	 65.84

12	 NS	 7,392	 NS	 1,232	 0.74	 1,135	 NSLSD(0.05) 

a Abbreviations: etho, ethofumesate; EDP, commercial premix of ethofumesate + desmedipham + phenmedipham; trif, triflusulfuron.
b Herbicide application timings: PPI, preplant incorporated; COT, 1.0 cm weeds; EP, 1.3 cm weeds; MP, 2.5 to 5.0 cm weeds or 7 to 10 days after EP; LP 7 to

10 days after LP; LLP, 7 to 10 days after LP.
Sugarbeets were harvested October 15, 1998.
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Weed control with glufosinate alone, in combination with, or following

ethofumesate, 1999. Redroot pigweed and common lambsquarters control early and late

in the season with glufosinate was greater than or equal to the standard herbicide program

for most treatments except for glufosinate at 0.3 kg/ha applied with ethofumesate MP

(Table 2.9). Early season hairy nightshade control was the highest when glufosinate was

applied EP three times alone. Late season hairy nightshade control was not different

among any of the herbicide treatments. Barnyardgrass control with glufosinate alone and

glufosinate applied at 0.4 kg/ha following ethofumesate PPI was equal to the standard

herbicide program, all other treatments with glufosinate and ethofumesate resulted in

lower barnyardgrass control.

Sugarbeet injury was observed 14 days after treatment when ethofumesate was

applied in combination with glufosinate LP (Table 2.10). No injury was observed 28 days

after treatment.

All glufosinate treatments resulted in sugarbeet root yields, gross sugar production

and kilograms of estimated recoverable sucrose per hectare greater than or equal to the

standard herbicide program. All herbicide treatments increased sugarbeet root yield, gross

sugar, and kilograms of estimated recoverable sugar per hectare compared to the

untreated control. Percent sucrose content, percent sucrose extracted, and grams of

estimated recoverable sucrose per gram of sugarbeet were not different among any of the

treatments. Glufosinate, applied at 0.3 kg/ha in combination with ethofumesate, resulted

in lower sugarbeet root yields, gross sucrose production, and kilograms of estimated

recoverable sucrose per hectare compared to glufosinate applied three times following

ethofumesate PPI. Three applications of glufosinate or two applications of glufosinate
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following ethofumesate resulted in the greatest weed control and sugar beet yield.

Glufosinate treatments regardless of rate or application timing resulted in greater

barnyardgrass control than the standard herbicide program of the premix of ethofumesate,

desmedipham, and phenmedipham plus sethoxydim. Redroot pigweed, common

lambsquarters and hairy nightshade control ranged from good to excellent with

glufosinate. Glufosinate treatments usually resulted in greater redroot pigweed control

than the standard program, especially when glufosinate was first applied MP. Most

glufosinate applications regardless of application timing or rate resulted in greater

sugarbeet yields than the standard program.

Late season weed control was generally acceptable with glufosinate applied twice

following a PPI application of ethofumesate. Increasing the rate of glufosinate from 0.3 to

0.4 kg/ha generally improved redroot pigweed control. The greatest sugarbeet yields

resulted from applying glufosinate three times alone or twice following ethofumesate

applied PPI. Sugarbeet injury was observed 14 DAT when ethofumesate was applied

postemergence. However, injury symptoms were not visible 28 DAT.



Table 2.9. Weed control with glufosinate applied alone, in combination with, or following ethofumesate, 1999.

Weed control'
AMARE	 CHEAL	 SOLSA	 ECHCG

Treatment'	 Rate	 Timing"	 Early	 Late	 Early	 Late	 Early	 Late	 Early	 Late
kg ai/ha	 	 %	

ethofumesate	 1.12 +	 PPI +
glufosinate	 0.3	 MP + LP

	 70	 80	 100	 100	 88	 100	 77	 83

ethofumesate	 1.12 +	 PPI +	 88	 90	 100	 100	 78	 97	 80	 90glufosinate 	 0.4 	 MP + LP 
EP + 

P
MP +

glufosinate	 0.3	 74	 83	 82	 100	 93	 100	 75	 87L
EP + 

P
MP +glufosinate	 0.4	 83	 85	 97	 97	 95	 100	 90	 87L

Ml'+ LP +glufosinate	 0.3	 75	 82	 92	 100	 78	 100	 85	 87LLP
MP LL PP +glufosinate	 0.4	 78	 80	 92	 93	 83	 100	 87	 88LLP

ethofumesate	 1.12 + PPIEDP	 0.3 + TCOEDP + trif	 0.37 + 0.0175	 68	 79	 95	 100	 73	 100	 92	 93EPEDP + trif +	 0.37 + 0.0175 MPsethoxydim 	 + 0.34 
Untreated	 0	 0	 0	 0	 0	 0	 0	 0

LSD0.05)	12	 NS	 NS	 10	 20	 NS	 13	 8



Table 2.9. Weed control with glufosinate applied alone, in combination with, or following ethofumesate, 1999 (continued).

Weed control'
AMARE	 CHEAL	 SOLSA	 ECHCG

Treatmenta	Rate	 Timing'	 Early	 Late	 Early	 Late	 Early	 Late	 Early	 Late

	

kg ai/ha	 	 %	
glufosinate	 0.3 +	 EP + 50	 73	 90	 83	 78	 100
glufosinate + etho 0.3 + 1.12	 MP
glufosinate	 0.4 +	 EP +

75	 83	 100	 100	 78	 100
glufosinate + etho 0.4 + 1.12	 MP
glufosinate	 0.3 +	 MP + 63	 80	 92	 100	 52	 100
glufosinate + etho 0.3 + 1.12	 LP
glufosinate	 0.4 +	 MP + 73	 80	 97	 100	 70	 97
.glufosinate + etho 0.4 + 1.12	 LP 
ethofumesate	 1.12 +	 PPI +
EDP	 0.3 +	 COT +
EDP + trif	 0.37 + 0.0175	 EP +	 68	 79	 95	 100	 73	 100
EDP + trif +	 0.37 + 0.0175	 MP
sethoxydim 	 + 0.34 

Untreated	 0	 0	 0	 0	 0	 0	 0	 0

LSD(0.05)	 12	 NS	 NS	 10	 20	 NS	 13	 8 

a Abbreviations: etho, ethofumesate; EDP, commercial premix of ethofumesate + desmedipham + phenmedipham; trif, triflusulfuron.
b Herbicide application timings: PPI, preplant incorporated; COT, 1.0 cm weeds; EP, 1.3 cm weeds; MP, 2.5 to 5.0 cm weeds or 7 to 10 days after EP; LP 7 to

10 days after LP; LLP, 7 to 10 days after LP.
' Weed control ratings taken early, 28 days after treatment and late, September 20, 1999.

67 73

72 83

75 78

73 78

92 93



Table 2.10. Sugarbeet injury and yield with glufosinate applied alone, in combination with, or following ethofumesate, 1999.

Sugarbeet injury	 Sugarbeef

Sucrose	 Gross	 Estimated recoverable
Treatment'	 Rate	 Timingb	 14 DAT 28 DAT Root yield	 content	 sucrose	 Extraction	 sucrose 

kg ai/ha	 	 %	 	 kg/ha	 %	 kg/ha	 %	 kg/ha	 gig
ethofumesate	 1.12	 PPI 2	 0	 82,880	 18.3	 15,122	 93.25	 14,100	 77.27
glufosinate	 0.3	 MP + LP
ethofumesate	 1.12	 PPI

0	 0	 90,048	 17.9	 16,082	 93.00	 14,956	 75.45
.glufosinate 	 0.4 	 MP + LP 

EP + 
P
MP +

glufosinate	 0.3	 0	 0	 86,016	 18.3	 15,743	 93.22	 14,676	 77.56L
EP + MP

glufosinate	 0.4	 3	 0	 93,184	 18.2	 16,966	 93.23	 15,818	 77.11LP +

Ml'+ 
LP+

glufosinate	 0.3	 2	 2	 83,104	 17.9	 14,893	 92.82	 13,822	 75.52LLP
Ml'+ LP +

glufosinate	 0.4	 0	 0	 84,672	 18.0	 15,244	 92.78	 14,147	 75.75LLP
ethofumesate	 1.12	 PPI
EDP	 0.3	 COT
EDP + trif	 0.37 + 0.0175	 EP	 0	 0	 81,312	 18.1	 14,724	 93.19	 13,721	 76.66
EDP + trif +	 0.37 + 0.0175	 MP
sethoxydim	 + 0.34

Untreated	 0	 0	 28,448	 18.4	 5,265	 93.42	 4,925	 78.09

LS130.05)	5 	 NS	 10,080	 NS	 1,861	 NS	 1,736	 NS 



Table 2.10. Sugarbeet injury and yield, with glufosinate applied alone, in combination with, or following ethofumesate, 1999
(continued).

Sugarbeet injury	 Sugarbeet

Treatment

glufosinate
glufosinate + etho
glufosinate
glufosinate + etho
glufosinate
glufosinate + etho
glufosinate
glufosinate + etho
ethofumesate
EDP
EDP + trif
EDP + trif +
sethoxydim

Rate
kg ai/ha

0.3
0.3 + 1.12

0.4
0.4 + 1.12

0.3
0.3 + 1.12

0.4
0.4 + 1.12

1.12
0.3

0.37 + 0.0175
0.37 + 0.0175

+ 0.34

Timing"	 14 DAT 28 DAT Root yield
kg/ha

MP
EP	 0	 0	 72,352

EP	
5	 0	 83,776

MP
MP	

10	 2	 77,504
LP
MP	

10	 3	 78,624
LP
PPI
COT
EP
MP

Sucrose	 Gross
content	 sucrose

kg/ha

	

18.2	 13,203

	

18.2	 15,289

	

18.1	 14,062

	

18.0	 14,161

Estimated recoverable
Extraction	 sucrose 

kg/ha	 g/g

	93.20
	

12,305	 76.97

	

93.33	 14,270	 77.18

	

93.14	 13,098	 76.66

	

93.27	 13,208	 76.20

	

93.19	 13,721	 76.660	 0	 81,312	 18.1	 14,724

Untreated	 0	 0	 28,448	 18.4	 5,265

LSD(005) 	5 	 NS	 10,080	 NS	 1,861

93.42	 4,925	 78.09

NS
	

1,736	 NS
a Abbreviations: etho, ethofumesate; EDP, commercial premix of ethofumesate + desmedipham + phenmedipham; trif, triflusulfuron.
b Herbicide application timings: PPI, preplant incorporated; COT, 1.0 cm weeds; EP, 1.3 cm weeds; MP, 2.5 to 5.0 cm weeds or 7 to 10 days after EP; LP 7 to

10 days after LP; LLP, 7 to 10 days after LP.
Sugarbeets were harvested October 15, 1999.
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Abstract

Greenhouse studies were conducted to examine dodder control with

postemergence glyphosate and glufosinate applications in glyphosate and glufosinate

resistant sugarbeets. Field dodder control, with single and multiple applications of

glyphosate, ranged from 98 to 100 percent, 42 days after treatment. Single applications of

glyphosate resulted in a lower dodder dry weight than the commercial premix of

desmedipham and phenmedipham plus triflusulfuron, and clopyralid. Dodder dry weight

with all herbicide treatments was lower than the untreated control. Single or multiple

applications of glufosinate did not control dodder. A single application of the commercial

premix of desmedipham and phenmedipham, plus triflusulfuron, and clopyralid resulted in

greater dodder control than a single application of glufosinate. Sugarbeet dry weight was

greater, and dodder dry weight was lower with the commercial premix plus triflusulfuron

and clopyralid, compared the untreated control and a single glufosinate application.

Dodder dry weight was lower with three applications of glufosinate, at 0.40 and 0.80 kg

ai/ha, than with three applications of glufosinate at 0.30 kg/ha and the untreated control.

Dodder shoot length was reduced when glyphosate was applied at .0.84 kg ae/ha to

glyphosate resistant sugarbeets before dodder was attached. Dodder growth was

restricted due to activity of glyphosate that translocated throughout the plant, when a

single sugarbeet leaf was dipped in a glyphosate solution for 10 seconds, compared to an

untreated control. Dodder length was reduced more when sugarbeet leaves were dipped

in solutions containing glyphosate at concentrations of 2,246 and 4,492 ppm compared to

1,123 ppm. The lowest dodder dry weight resulted when a sugarbeet leaf from a dodder

infested sugarbeet was dipped in the 4,492 ppm of glyphosate solution. Postemergence
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applications of glyphosate will control dodder at rates as low as 0.07 kg ae/ha. Dodder

control with a pre-attachment glyphosate treatment is inconsistent. Glyphosate applied to

a single glyphosate resistant sugarbeet leaf controlled dodder attached to untreated leaves

on the same plant.

Nomenclature: Glufosinate; glyphosate; clopyralid; desmedipham; phenmedipham;

triflusulfuron; field dodder, Cuscuta pentagona Engelm. # CVCCA; sugarbeet, Beta

vulgaris L. # BEAVA.

Additional index words: Glyphosate, glufosinate, transgenic, parasitic.

Abbreviations: AMS, ammonium sulfate; DAA, days after attachment; DAT, days after

treatment; phen, phenmedipham; desm, desmedipham; trif, triflusulfuron.

Introduction

Field dodder (Cuscuta pentagona Engelm.) is an annual, parasitic weed that infects

a large number of plant species including sugarbeets (Beta vulgaris L.). Once dodder

seeds germinate, rootless shoots form that move in a counter-clockwise rotation until they

touch a host plant. The shoot wraps around the host plant and produces haustoria which

penetrate the outer cells of the host plant. After the haustoria penetrate the outer cells, the

dodder produces two types of hyphae, search hyphae and contact hyphae. The search

hyphae grow apoplastically until they reach tracheids or vessel elements that make up the

xylem or sieve elements of the phloem. From the search hyphae, contact hyphae grow

that absorb water and photoassimilates from the xylem and phloem (Kuijt 1977). Dodder

obtains most of the energy and nutrients required for growth from the phloem of the host
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which allows a phloem mobile herbicide like glyphosate to enter the dodder plant more

quickly than a xylem mobile herbicide like atrazine (Fer 1981).

Cultural methods such as mowing and flaming control dodder. However, both of

these practices have the potential to injure the crop and reduce yield (Cudney et al. 1992).

Over time, crop rotation to non-host grass crops such as wheat and corn can reduce the

number of dodder seeds in the soil. However, these crop rotations may not be the most

profitable for growers. It is also important to keep the grass crop free of broadleaf weed

species that could serve as hosts (Dawson 1984).

Herbicides can provide dodder control with little injury to some crops (Bewick et

al. 1989; Dawson 1971; 1984; 1990). Glyphosate enters dodder by either direct contact

or by translocation through the host plant phloem (Dawson and Saghir 1983). Herbicides

used in sugarbeet that have been found to control dodder include ethofumesate,

chloropropham, and propyzamide (Giannopolitis 1979). Glyphosate at rates of 0.075 to

0.150 kg ae/ha can selectively control dodder in alfalfa (Dawson 1989). The development

of glyphosate and glufosinate-resistant sugarbeets may provide more options for

controlling dodder in sugarbeet.

The objectives of this research were to: 1) examine field dodder control with

single applications of glyphosate or glufosinate; 2) evaluate multiple applications of

glyphosate or glufosinate for field dodder control; 3) determine if glyphosate applications

prior to dodder attachment affect dodder growth and how long after treatment activity

persists; and 4) determine if glyphosate will translocate from a treated sugarbeet leaf and

control dodder attached to untreated leaves on the same plant.
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Materials and Methods

Experiments were conducted in greenhouses in Corvallis, and Ontario, OR. The

glufosinate-resistant sugarbeet variety Beta 8757 and the glyphosate-resistant sugarbeet

variety HM Pillar were planted into 1000 cm 3 plastic pots containing Sunshine commercial

potting mix in Corvallis and 600 cm3 plastic pots containing Supersoil potting mix in

Ontario. After emergence, sugarbeets were thinned to one plant per pot. Dodder was

established from seed and grown with clover as a host plant. Once the dodder was

actively growing on the clover, and the sugarbeets reached the two to four leaf stage of

growth, the pots containing clover and dodder plants were placed next to the pots

containing sugarbeets. Dodder was allowed to attach and grow on the sugarbeets for two

to four weeks, depending on how quickly the dodder contacted and began to parasitize the

sugarbeet, before the initial herbicide treatments were applied. The insecticides abamectin

((5-0-demethyl avermectin Ala) and (1-methylpropy1)-25-(1-methylethyl)avermectin Au)

and diazanon (0,0-Diethyl O-(2-isopropyl-6-methyl-4 pyrimidinyl)) were used to control

spider-mite (Tetranychidae) and aphid (Aphididae). Plants were grown in a 16 hour

photoperiod of natural lighting supplemented by sodium halide lights. Day time air

temperature was maintained at 18 ± 3 C and night time air temperature was maintained at

15 ± 3 C. Plants were watered and fertilized to achieve optimum growth.

Glyphosate and glufosinate were applied using an air-propelled track sprayer in

Corvallis and a CO2-pressurized backpack sprayer in Ontario, equipped with an 8002 flat

fan nozzle. The sprayers were calibrated to deliver 187 L/ha of water at 207 kPa. Dodder

control was evaluated visually 14 and 42 days after the final herbicide application.
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Sugarbeet leaves and dodder were harvested and separated 42 DAT. The plant material

was dried at 60 C for 72 h and weighed. Studies with single applications of glyphosate

and glufosinate were repeated three times. The studies involving multiple applications of

glyphosate and glufosinate were conducted twice. Data were analyzed using ANOVA.

Means were separated using a Fisher's protected LSD (p=0.05). Individual studies were

combined when no study by treatment interaction occurred.

Glyphosate, single application. A single application of glyphosate, at rates of 0.07,

0.15, 0.42, 0.84, and 1.70 kg/ha and 0.42 kg/ha with 2.8 kg ai/ha of AMS, was compared

to the commercial premix of phenmedipham plus desmedipham, triflusulfuron and

clopyralid, and an untreated control for postemergence field dodder control in sugarbeet.

Glyphosate, multiple applications. Field dodder control was examined with multiple

applications of glyphosate at 0.07, 0.15, 0.42, and 0.84 kg/ha applied three times, and

0.42, and 0.84 kg/ha applied twice at weekly intervals. Multiple glyphosate applications

were compared to a single application of glyphosate and an untreated control. Glyphosate

treatments were applied in combination with 2.8 kg/ha of AMS.

Glufosinate, single application. Single applications of glufosinate, at rates of 0.2, 0.3,

0.4, and 0.8 kg ai/ha and 0.2 kg/ha with 3.4 kg/ha of AMS was compared to the

commercial premix of phenmedipham and desmedipham, plus triflusulfuron and clopyralid,

and an untreated control.

Glufosinate, multiple applications. Field dodder control was examined with multiple

applications of glufosinate at rates of 0.30, 0.40, and 0.80 kg/ha applied three times at

weekly intervals. Multiple glufosinate applications were compared to an untreated

control. Glufosinate treatments were applied in combination with 3.4 kg/ha of AMS.
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Attachment trials. Studies were conducted to examine dodder growth on glyphosate-

resistant sugarbeets after a pre-attachment application of glyphosate at 0.84 kg/ha to the

sugarbeets. Treated sugarbeets were compared to an untreated control. Dodder was

attached on the same day, 7, 14, or 28 days after treatment with glyphosate. Glyphosate

treated sugarbeets were allowed to dry for 4 hrs before attachment on the same day as the

treatment. Pots containing clover and dodder were placed next to the herbicide treated

sugarbeets at the proper attachment interval. Dodder was allowed one wk to attach to the

new host. After attachment to the sugarbeet, the dodder was separated from the clover

plant and trimmed to within 1 cm of the new attachment point. Fourteen days after

attachment, shoots that grew from the newly attached dodder plants were measured,

harvested, and dried at 60 C for 72 h, then weighed. Dodder growth was compared on

glyphosate treated sugarbeets and untreated sugarbeets, by using analysis of variance at

a=0.05 and contrast statements.

Glyphosate translocation trial. Glyphosate-resistant sugarbeets were infected with field

dodder. After attachment, dodder was trimmed to within 1 cm of the point of attachment.

One of the newest, fully extended sugarbeet leaves without dodder was dipped for 10

seconds in a glyphosate solution at 1123, 2246, or 4492 ppm. The glyphosate treated leaf

was allowed to dry without touching other sugarbeet plant parts or dodder. Dodder

growth was measured 7 and 14 DAT. Dodder was harvested 14 days treatment and

dodder dry wt was recorded. The study was repeated.
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Results and Discussion

Glyphosate, single application. Studies 1 and 2 were combined for analysis. However,

due to a study by treatment interaction Study 3 could not be combined with Studies 1 and

2 so it was analyzed separately. A single application of glyphosate regardless of rate, with

and without AMS, resulted in greater dodder control and lower dodder dry wt than the

phenmedipham and desmedipham, plus triflusulfuron and clopyralid treatment at 14 and 42

DAT (Table 3.1). Herbicide treatments resulted in a lower dodder dry wt compared to the

untreated control. Glyphosate treatments in Study 3 resulted in similar dodder control to

Studies 1 and 2, 14 and 42 DAT. However, dodder control was not greater than the

untreated control 42 DAT with the non-glyphosate herbicide treatments in Study 3.

Dodder dry wt was lower with the glyphosate treatments compared to the standard

herbicide program and the untreated control. Sugarbeet dry wt was similar regardless of

herbicide treatment and sugarbeet dry wt was greater with the herbicide treatments

compared to the untreated control. There were no differences in sugarbeet leaf dry wt

with any of the herbicide treatments compared to the untreated control in Study 3.



Table 3.1. Field dodder control, sugarbeet, and dodder dry wt in response to a single application of glyphosate.

Studies 1 and 2' 	 Study 3b
CVCCA Control	 Dry wt	 CVCCA Control	 Dry wt

Treatment'
	

Rate Timing" 14 DAT	 42 DAT	 BEAVA	 CVCCA	 14 DAT	 42 DAT	 BEAVA	 CVCCA

kg ae/ha	 	 grams	 	 	 grams	

glyphosate	 0.07	 POST	 83	 98	 3.21	 0.07	 85	 99	 1.00	 0.20

glyphosate	 0.15	 POST	 85	 100	 3.45	 0.01	 90	 99.	 0.72	 0.20

glyphosate + AMS 0.15 + 2.8 POST	 85	 99	 3.28	 0.04	 87	 99	 0.86	 0.12

glyphosate	 0.42	 POST	 89	 99	 3.63	 0.01	 86	 88	 0.67	 0.13

glyphosate	 0.84	 POST	 90	 97	 2.98	 0.04	 90	 100	 0.62	 0.12

glyphosate	 1.70	 POST	 86	 99	 3.22	 0.01	 85	 100	 0.68	 0.15

phen + desm +	 0.28 +
triflusulfuron +	 0.0175 + POST	 74	 26	 2.90	 0.98	 20	 0	 0.41	 1.18
clopyralid	 0.11 

Untreated	 0	 0	 1.90	 1.72	 0	 0	 0.30	 0.88

LSD (0 05)	 8	 9	 0.58	 0.24	 10	 13	 NS	 0.23

a Two studies with similar results were combined; Dry wt was taken at harvest 42 DAT; Abbreviation: DAT days after final herbicide application.
b Study was analyzed separately due to aphid and spider-mite damage on plants.
'Abbreviations: AMS, ammonium sulfate; phen, phenmedipham; desm, desmedipham.
el POST, postemergence herbicide application.
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Glyphosate, multiple applications. Single and multiple applications of glyphosate with

AMS controlled dodder 98 to 100 percent (Table 3.2). Sugarbeet dry wt was greater with

the glyphosate treatments compared to the untreated control, and dodder dry wt was

lower with the glyphosate treatments compared to the untreated control.

Table 3.2. Dodder control, sugarbeet, and dodder dry wt in response to single and
multiple applications of glyphosate with AMS.

Treatment' Rate
kg ae/ha

CVCCA Control 	 Dry wtc
Timingb	14 DAT	 42 DAT	 BEAVA	 CVCCA  

glyphosate + AMS

glyphosate + AMS

glyphosate + AMS

glyphosate + AMS

0.07 + 2.8

0.15 + 2.8

0.42 + 2.8

0.84 + 2.8

POST +
1 wk + 2 wk

POST +
1 wk + 2 wk

POST +
1 wk + 2 wk

POST +
1 wk + 2 wk

99	 99	 4.21	 0.01

99	 100	 4.39	 0.03

100	 100	 4.32	 0.01

99	 100	 4.22	 0

glyphosate + AMS 0.42 + 2.8 POST + 1 wk	 99	 99	 4.46	 0.02

glyphosate + AMS 0.84 + 2.8 POST + 1 wk	 99	 100	 4.00	 0

glyphosate + AMS 0.42 + 2.8

glyphosate + AMS 0.84 + 2.8

Untreated

POST	 98	 100	 4.37	 0

POST	 99	 99	 4.12	 0

0	 0	 2.60	 2.31

LSD(OQ	NS	 NS	 0.59	 0.33 
a Abbreviation: AMS, ammonium sulfate.
b Glyphosate was applied: POST, postemergence, 1 wk, one week after the initial POST treatment; 2 wk,

two weeks after the initial POST treatment.
Sugarbeets and dodder were harvested 42 DAT.
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Glufosinate, single applications. Studies 1 and 2 were combined for analysis. However,

due to a study by treatment interaction, Study 3 could not be combined with Studies 1 and

2, so it was analyzed separately. In Studies 1 and 2, single applications of glufosinate with

and without the addition of ammonium sulfate, resulted in less dodder control than the

phenmedipham, desmedipham, clopyralid, and triflusulfuron treatment and were not

different from the untreated control (Table 3.3). Dodder dry wt was lowest with the

phenmedipham, desmedipham, clopyralid, and triflusulfuron treatment. Glufosinate

treatments applied at rates of 0.3 kg/ha with AMS and at 0.4 and 0.8 kg/ha resulted in

dodder dry wt less than the untreated control. In Study 3, dodder control with the

herbicide treatments was not different compared to the untreated control. For Studies 1

and 2 sugarbeet dry wt with the phenmedipham, desmedipham, clopyralid, and

triflusulfuron treatment was greater than the glufosinate treatments and the untreated

control. There were no sugarbeet dry wt differences between the untreated control and

the glufosinate treatments. There were no differences in sugarbeet dry wt and dodder dry

wt for any of the treatments in Study 3.



Table 3.3. Dodder control, sugarbeet, and dodder dry wt in response to a single application of glufosinate.

Studies 1 and 2b	Study 3°
CVCCA Control	 Dry wt	 CVCCA Control	 Dry wt

Treatments	Rate	 14 DAT	 42 DAT	 BEAVA	 CVCCA	 14 DAT	 42 DAT	 BEAVA	 CVCCA

kg ai/ha	 	 %	  	 grams	  	 %	 	 grams

glufosinate	 0.20	 2	 3	 1.34	 1.89	 0	 2	 0.66	 0.70

glufosinate + AMS 0.20 + 3.4 	 15	 12	 1.41	 1.64	 0	 0	 0.55	 0.77

glufosinate	 0.30	 6	 4	 1.31	 1.79	 0	 0	 0.75	 0.80

glufosinate	 0.40	 23	 12	 1.32	 1.71	 2	 7	 0.65	 0.55

glufosinate	 0.80	 8	 3	 1.36	 1.57	 2	 8	 0.54	 0.47

phen + desm +	 0.28 +
triflusulfuron +	 0.0175 +	 64	 35	 2.37	 1.00	 13	 2	 0.90	 0.89
clopyralid	 0.11 

Untreated	 0	 0	 1.47	 2.25	 0	 0	 0.64	 0.68

LSD(005)	 12	 17	 0.38	 0.47	 8	 NS	 NS	 NS 

a Abbreviation: AMS, ammonium sulfate; phen, phenmedipham; desm, desmedipham.
b Two studies with similar results were combined; Dry wt was taken at harvest 42 DAT; Abbreviation: DAT days after final herbicide application.
d Study was analyzed separately due to aphid and spider-mite damage on plants.
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Glufosinate, multiple applications. There were no treatment differences for dodder

control and sugarbeet dry wt, with multiple applications of glufosinate, and the untreated

control, 42 DAT (Table 3.4). Dodder dry weight was greater with the untreated control

and three applications of glufosinate at 0.3 kg/ha with AMS, compared to three

applications of glufosinate at 0.4 and 0.8 kg/ha with the addition of AMS.

Table 3.4. Dodder control, sugarbeet, and dodder dry wt in response to multiple
applications of glufosinate.

CVCCA Control	 Dry vvr
Treatment'	 Rate	 Timingb	 14 DAT	 42 DAT	 BEAVA	 CVCCA

kg ai/ha	 	 	 %	 grams	

+POST
glufosinate + AMS 0.3 + 3.4	 8	 2	 1.72	 2.56

1 wk + 2 wk
+POST

glufosinate + AMS 0.4 + 3.4 	 22	 21	 1.74	 1.74
1 wk + 2 wk

+POSTglufosinate + AMS 0.8 + 3.4 	 43	 16	 1.97	 1.59
1 wk + 2 wk

Untreated	 0	 0	 1.67	 2.49

LSDa, os,	 21	 NS	 NS	 0.73 
a Abbreviation: AMS, ammonium sulfate.
b Glyphosate was applied: POST, postemergence; lwk, one week after the initial POST treatment; 2 wk,

two weeks after the initial POST treatment.
Sugarbeets and dodder were harvested 42 DAT.

Attachment trials. Differences between dodder growth after a pre-attachment

application of glyphosate are represented by Tables 3.5 and 3.6. Dodder length and

dodder dry wt measurements taken from the untreated plants were subtracted from the

glyphosate treated plants. A p-value 0.05 or less indicates that dodder length and dry wt

were less, 14 days after attachment, when dodder was attached to sugarbeets 7 days after

a glyphosate application at Corvallis (Table 3.5) and 0, 7, and 14 days after a glyphosate
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application at Ontario (Table 3.6) compared to no glyphosate treatment. There is

evidence that glyphosate remains in the sugarbeet after an application since dodder growth

was reduced from a glyphosate treatment applied 7 and 14 days before attachment.

Table 3.5. Dodder growth after a pre-attachment glyphosate treatment compared to an
untreated control, Corvallis, OR.

Glyphosate treated vs. Untreated'
Attachment timingb Dodder length p-value Dodder wt p-value

DAT mm grams

0 27.9 0.1910 0.25 0.0223

7 135.6 0.0001 1.09 0.0001

14 3.1 0.7589 0.12 0.3444

28 22.6 0.1801 0.27 0.1560
a Difference in dodder length and dry wt 14 days after attachment, untreated compared to a pre-attachment

application of glyphosate at 0.84 kg ae/ha.
b Abbreviations: DAT, days after treatment; 0, dodder attached same day as treatment; 7 dodder attached

seven DAT; 14 dodder attached 14 DAT; 28 dodder attached 28 DAT.
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Table 3.6. Dodder growth after a pre-attachment glyphosate treatment compared to an
untreated control, Ontario, OR.

Glyphosate treated vs. Untreated'
Attachment timingb Dodder length p-value Dodder wt p-value

DAT mm grams

0 211.1 0.0001 2.74 0.0001

7 121.4 0.0052 1.26 0.0133

14 28.8 0.0005 0.15 0.0459

28 27.8 0.1301 0.22 0.3521
a Difference in dodder length and dry wt 14 days after attachment, untreated compared to a pre-attachment

application of glyphosate at 0.84 kg ae/ha.
b Abbreviations: DAT, days after treatment; 0, dodder attached same day as treatment; 7 dodder attached

seven DAT; 14 dodder attached 14 DAT; 28 dodder attached 28 DAT.

Median dodder length and dry wt 14 days after attachment, at each attachment

timing, 0, 7, 14, or 28 days after treatment, at Corvallis and Ontario with glyphosate and

the untreated control, are presented in Table 3.7 and 3.8, respectively. A 95 percent

confidence interval for dodder length and dry wt illustrates that dodder growth was not

different regardless of weather dodder was allowed to attach the same day as the

glyphosate application or, 7, 14, or 28 days after the glyphosate application in Corvallis

(Table 3.7). In Ontario however, median dodder length was lower when dodder was

allowed to attach the same day and 14 days after a pre-attachment glyphosate application

compared to allowing dodder to attach 7 and 28 days after a pre-attachment glyphosate

application to the sugarbeets (Table 3.8).
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Table 3.7. Dodder growth on untreated sugarbeets and after a pre-attachment
glyphosate treatment, Corvallis, OR.

Dodder length 	 Dodder dry wt
95 % CI	 95 % CI

Treatment'	 Median Lower	 Upper	 Median Lower Upper
	 mm	

glyphosate
DAA

0	 27.3	 12.1	 61.0	 0.06	 0.02	 0.19

7	 6.3	 3.2	 12.7	 0.08	 0.04	 0.19

14	 17.6	 8.7	 35.2	 0.15	 0.06	 0.34

28	 21.3	 10.7	 42.5	 0.15	 0.06	 0.38

untreated
DAA

0	 55.2	 27.7	 110.0	 0.31	 0.14	 0.71

7	 141.9	 70.8	 281.5	 1.18	 0.52	 2.72

14	 20.7	 9.9	 43.0	 0.26	 0.11	 0.64

28	 43.9	 19.3	 98.5	 0.42	 0.14	 1.28
a Abbreviations: DAA, days after attachment; 0, dodder attached same day as treatment; 7 dodder attached

seven DAA; 14 dodder attached 14 DAA; 28 dodder attached 28 DAA.
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Table 3.8. Dodder growth on untreated sugarbeets and after a pre-attachment
glyphosate treatment, Ontario, OR.

Dodder length 
95 % CI

Dodder dry wt 
95 % CI

Treatmenta	Median Lower	 Upper	 Median Lower Upper

	

mm	   
glyphosate

DAA

0	 6.3	 3.3	 11.82	 0.15	 0.07	 0.37

7	 43.4	 22.9	 81.5	 0.32	 0.14	 0.77

14	 5.3	 2.6	 11.0	 0.05	 0.02	 0.14

28	 22.7	 9.7	 52.5	 0.23	 0.07	 0.73

untreated
DAA

0	 217.4	 115.6	 407.5	 2.89	 1.21	 6.82

7	 164.8	 87.4	 308.0	 1.58	 0.66	 3.74

14	 34.1	 18.00	 64.1	 0.20	 0.09	 0.49

28	 50.5	 26.6	 94.6	 0.45	 0.19	 1.06
a Abbreviations: DAA, days after attachment; 0, dodder attached same day as treatment; 7 dodder attached

seven DAA; 14 dodder attached 14 DAA; 28 dodder attached 28 DAA.

When subtracting dodder growth on sugarbeets after a pre-attachment application

of glufosinate from dodder growth on sugarbeets without a herbicide treatment, dodder

growth was similar whether or not glufosinate was applied, indicating that pre-attachment

glufosinate applications were not effective for controlling dodder (Table 3.9). A 95

percent confidence interval for median dodder length and dry wt illustrate that dodder

growth was not affected regardless of whether dodder was allowed to attach the same day

or 28 days after the glufosinate application (Table 3.10).
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Table 3.9. Dodder growth after a pre-attachment glufosinate treatment compared to an
untreated control, Corvallis, OR.

Glufosinate treated vs. Untreated'
Attachment timingb Dodder length p-value Dodder wt p-value

DAT mm grams

0 -49.4 0.2004 -0.78 0.0224

7 -20.2 0.8083 -1.57 0.4290

14 77.8 0.4212 0.88 0.5575

28 -6.6 0.8963 0.22 0.6024
a Difference in dodder length and dry wt 14 days after attachment, untreated compared to a pre-attachment

application of glufosinate at 0.84 kg ae/ha.
b Abbreviations: DAT, days after treatment; 0, dodder attached same day as treatment; 7 dodder attached

seven DAT; 14 dodder attached 14 DAT; 28 dodder attached 28 DAT.
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Table 3.10. Dodder growth on untreated sugarbeets and after a pre-attachment
glufosinate treatment, Corvallis, OR.

Dodder length	 Dodder dry wt
95 % CI	 95 % CI

Treatmenta	Median Lower	 Upper	 Median Lower Upper
	 mm	

glufosinate
DAA

0	 102.2	 44.7	 232.7	 0.94	 0.28	 3.13

7	 182.9	 97.5	 340.5	 3.66	 1.48	 9.03

14	 183.4	 101.5	 327.0	 1.92	 0.83	 4.48

28	 134.7	 77.4	 230.4	 0.86	 0.38	 1.88
untreated

DAA

0	 52.8	 27.4	 100.5	 0.16	 0.06	 0.42

7	 162.7	 77.5	 339.9	 2.09	 0.73	 6.05

14	 261.2	 135.6	 497.7	 2.80	 1.08	 7.17

28	 128.1	 73.7	 219.2	 0.64	 0.29	 1.40
a Abbreviations: DAA, days after attachment; 0, dodder attached same day as treatment; 7 dodder attached

seven DAA; 14 dodder attached 14 DAA; 28 dodder attached 28 DAA.

Glyphosate translocation study. Dodder length and dry weight were reduced regardless

of glyphosate concentration when a single glyphosate-resistant sugarbeet leaf was dipped

for 10 seconds into a glyphosate solution. This suggests that dodder growth is affected by

glyphosate that is moving through the plant via the vascular tissue. The greatest

reductions in dodder length and dry wt occurred when sugarbeet leaves were dipped in

glyphosate solutions of 2,246 and 4,492 ppm compared to the 1,123 ppm concentration

(Table 3.11).
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Table 3.11. Dodder length and dry wt in response to glyphosate applied to a single
sugarbeet leaf

	

CVCCA length' 	 CVCCA Dry wtd 
7 DAD 	 14 DAD 	 14 DAD 

Median	 95 % CI	 Median	 95 % CI	 Median	 95 % CI
Treatmenta Rateb	Lower Upper	 Lower Upper	 Lower Upper

ppm— ------ -----111M---------- -----------mm--------------	 grams

glyphosate 1123	 88	 67	 116	 45	 35	 58	 2.15	 1.68	 2.76

glyphosate 2246	 53	 40	 69	 24	 18	 31	 1.19	 0.93	 1.55

glyphosate 4492	 34	 26	 44	 19	 15	 25	 0.84	 0.66	 1.07

Untreated	 208	 156	 276	 154	 118	 200	 4.56	 3.52	 5.91

a Abbreviation: AMS, ammonium sulfate.
b Sugarbeet leaf was soaked for 10 sec in a glyphosate solution after dodder was trimmed within 1 cm of

the attachment point.
Abbreviation: DAD, days after soaking leaf in glyphosate solution.

d Dodder was harvested and dried 14 DAD.

In the greenhouse, glyphosate applied postemergence will control dodder at rates

as low as 0.07 kg ae/ha. A single application of glyphosate controlled dodder 97 to 100

percent and reduced dodder dry wt compared to a single application of phenmedipham,

desmedipham, clopyralid, and triflusulfuron 42 DAT. Dodder length and dry wt was

generally lower with pre-attachment glyphosate treatments compared to the untreated

control. However, dodder growth was quite variable regardless of whether or not

sugarbeets were treated with glyphosate, making dodder growth differences difficult to

measure statistically. When glyphosate was applied to a single sugarbeet leaf not infected

with dodder, growth of dodder attached to other sugarbeet leaves on the same plant was

reduced producing evidence that glyphosate will translocate to other leaves of glyphosate

resistant sugarbeets.
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Glufosinate at rates of 0.30 to 0.80 kg/ha applied postemergence was not effective

for controlling dodder, regardless of whether glufosinate was applied once or three times.

However, glufosinate applied three times at 0.80 kg/ha reduced dodder growth 14 DAT.

A lower dodder dry wt resulted 42 DAT when glufosinate was applied three times at 0.40

and 0.80 kg/ha compared to 0.30 kg/ha. Pre-attachment applications of glufosinate did

not reduce dodder length and dry wt compared to dodder that was grown on sugarbeets

without glufosinate applied pre-attachment.
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SUMMARY AND CONCLUSIONS

Herbicide-resistant sugarbeets will provide sugarbeet growers with more options

to control weeds with potentially less herbicide use. Herbicides such as glyphosate and

glufosinate can control a wide range of annual and perennial weed species. Herbicides

currently used in sugarbeets do not control a wide range of weed species alone and are

typically applied in combination with many other sugarbeet herbicides. It is important to

explore the effectiveness of glyphosate and glufosinate compared to the current weed

control programs.

Treatments which included two or three applications of glyphosate, regardless of

rate, or glyphosate applied a single time in combination with BAS 656 07 H or

ethofumesate, resulted in redroot pigweed, common lambsquarters and hairy nightshade

control equal to or greater than the standard herbicide program which consisted of

ethofumesate applied PPI, a premix of ethofumesate, desmedipham, and phenmedipham at

to cot stage sugarbeets, the premix in combination with triflusulfuron applied to 2 to 4-1f

sugarbeets, and the premix and triflusulfuron in combination with sethoxydim applied to 6

to 8-1f stage sugarbeets. Glyphosate treatments resulted in a sugarbeet root yield equal to

the standard program and greater than the untreated control. There were no differences in

percent sucrose content with any of the treatments. Two studies conducted for one year.

examined glyphosate time of application for weed control in glyphosate resistant

sugarbeets. Glyphosate treatments provided redroot pigweed, common lambsquarters,

hairy nightshade and barnyardgrass control equal to and greater than the standard

regardless of application timing. Glyphosate applied to cotyledon sugarbeets with two
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sequential applications one and two weeks later resulted in lower redroot pigweed and

barnyardgrass control compared to the weed free control and glyphosate treatments

applied to sugarbeets at the two to four leaf stage. Glyphosate treatments resulted in

sugarbeet yields greater than or equal to the standard herbicide program regardless of

application timing. Time of application did not affect sugarbeet sucrose content.

Glufosinate treatments resulted in similar weed control to the standard herbicide

program consisting of a premix of ethofumesate, desmedipham, and phenmedipham

applied three times to sugarbeets. Sugarbeet root yield, gross sucrose production, and

kilograms of estimated recoverable sucrose per hectare were all greater than the untreated

control, and equal to and greater than the standard herbicide program regardless of

glufosinate application timing. Treatments in which glufosinate followed ethofumesate

applied preplant incorporated, or glufosinate was applied postemergence in combination

with ethofumesate provided similar redroot pigweed, common lambsquarters, and hairy

nightshade control to the standard herbicide program. Barnyardgrass control was lower

with glufosinate applied in combination with ethofumesate postemergence compared to

the standard herbicide program and glufosinate applied three times alone. Glufosinate

applied alone or following ethofumesate PPI provided sugarbeet root yields equal to the

standard herbicide program. When compared to glufosinate applied three times alone or

glufosinate following ethofumesate preplant incorporated, sugarbeet yield was generally

lower with the standard herbicide program and glufosinate treatments that were applied in

combination with ethofumesate. Percent sucrose and percent sucrose extraction were not

affected by treatments. Slight sugarbeet injury was observed early in the growing season

when ethofumesate was applied postemergence late in the season.
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Field dodder control ranged from 98 to 100 percent, 42 days after treatment, with

a single application of glyphosate and multiple applications of glyphosate. Glyphosate

treatments reduced dodder dry wt compared to the untreated control. Single applications

of glyphosate resulted in a lower dodder dry wt than the standard herbicide program with

the commercial premix of desmedipham and phenmedipham, plus triflusulfuron, and

clopyralid.

Single and multiple applications of glufosinate, with and without ammonium

sulfate did not provide dodder control when compared the untreated control. A single

application of the standard herbicide program desmedipham and phenmedipham, plus

triflusulfuron, and clopyralid resulted in greater dodder control than a single application of

glufosinate. Sugarbeet dry wt was greater, and dodder dry wt was lower with the

standard program compared the untreated control and a single glufosinate application

regardless of rate. Dodder dry wt was lower with three applications of glufosinate, at 0.4

and 0.8 kg/ha compared to dodder dry wt from three applications of glufosinate at 0.3

kg/ha and the untreated control.

Dodder shoot length was restricted when glyphosate was applied at 0.84 kg/ha to

glyphosate resistant sugarbeets before dodder was attached. Pre-attachment applications

of glufosinate did not restrict dodder growth. Dodder growth was reduced due to activity

of glyphosate that translocated throughout the plant, when a single sugarbeet leaf was

dipped in a glyphosate solution for 10 seconds, compared to an untreated control. Dodder

length was restricted most when sugarbeet leaves were dipped in solutions containing

higher concentrations of glyphosate. The lowest dodder dry wt resulted when a sugarbeet
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leaf from a dodder infested sugarbeet was soaked in 4,492 ppm of glyphosate solution

compared to a 1,123 ppm glyphosate solution.

Glyphosate and glufosinate can provide good to excellent weed control when used

with herbicide-resistant sugarbeets. The number of applications and amount of herbicide

used to control weeds can be reduced compared to the standard herbicide programs when

using glyphosate for weed control in glyphosate-resistant sugarbeets. Glyphosate and

glufosinate do not injure glyphosate- or glufosinate-resistant sugarbeets, respectively.

Good crop safety would allow growers to apply glyphosate and glufosinate to glyphosate-

or glufosinate-resistant sugarbeets at any time without the risk of sugarbeet injury, unlike

some herbicides currently used for weed control in sugarbeets.

Future research involving herbicide-resistant sugarbeets, in the field, needs to

explore the use of lower rates of glyphosate, 21 to 42 kg ae/ha when sugarbeets and

weeds are in the cotyledon stage. The glyphosate rate could then be increased as weeds

become larger. This would result in lower weed control costs for the sugarbeet growers

and potentially less herbicide entering the environment. Combinations with a wider range

of herbicides with glufosinate should be explored to improve the consistency of weed

control with glufosinate treatments.

Glyphosate controls dodder. Using glyphosate to control dodder in glyphosate-

resistant sugarbeets would allow growers the option to control dodder postemergence.

Examining dodder control in the field with glyphosate would demonstrate the

effectiveness of glyphosate for dodder control in a wide range of environments.

Using C'4 label glyphosate to track the movement of glyphosate through the

sugarbeet and into dodder would provide insight as to how much of the glyphosate that
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translocates within the sugarbeet plant enters dodder through the vascular tissue. This

could also help to examine the extent of dodder photoassimilate and nutrient extraction

from the sugarbeet since glyphosate is a phloem mobile herbicide. Another study could

examine the amount of glyphosate that is taken into dodder by translocation through the

herbicide-resistant sugarbeet compared to the amount of glyphosate taken from direct

contact with the dodder shoots.
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Table A.1. Field dodder control with herbicides used in sugarbeets in the greenhouse.

CVCCA Control	 Dry wt"
Treatment'	 Rate Timingb 14 DAT'	 42 DAT	 BEAVA	 CVCCA 

kg ai/ha	 0/0_	 grams

etho + phen + desm	 0.28	 POST	 20	 15	 0.57	 0.49

etho + phen + desm	 1.40	 POST	 40	 20	 0.31	 0.31

phen + desm	 0.28	 POST	 6	 0	 0.28	 0.55

phen + desm	 1.40	 POST	 12	 6	 0.58	 0.34

triflusulfuron	 0.0175	 POST	 16	 8	 0.37	 0.44

triflusulfuron	 0.035	 POST	 22	 0	 0.34	 0.43

clopyralid	 0.105	 POST	 8	 0	 0.38	 0.59

clopyralid	 0.211	 POST	 10	 14	 0.56	 0.60

phen + desm +	 0.28 +

	

POST	 24	 10	 0.44	 0.42clopyralid	 0.105
phen + desm +	 0.28 +

	

POST	 42	 3	 0.75	 0.50triflusulfuron	 0.0175
phen + desm +	 0.28+
triflusulfuron +	 0.0175 + POST	 46	 23	 0.48	 0.40
clopyralid	 0.211
etho + phen + desm + 0.094 +
triflusulfuron +	 0.006 +

	

POST	 26	 13	 0.46	 0.51clopyralid +	 0.035 +
MSO	 1.5'

Untreated	 0	 0	 0.50	 0.69

LSD(005)	 23	 20	 0.31	 0.26 
a Abbreviations: etho, ethofumesate; phen, phenmedipham; desm, desmedipham, MSO, methylated seed

oil.
b Abbreviations: POST, postemergence herbicide application.

Abbreviation: DAT, days after treatment.
d Sugarbeet dry wt measured at harvest 42 DAT.

MSO applied at a rate of 1.5 percent volume per volume.
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Table A.2. Field dodder control with glyphosate in the greenhouse'.

CVCCA Control 	 My wtd
Treatment	 Rate	 Timing"	 14 DAT'	 42 DAT	 BEAVA	 CVCCA

kg ae/ha	 grains
+POSTglyphosate + AMS 0.07 + 2.8	 96	 100	 3.1	 0.121 wk + 2 wk

+POSTglyphosate + AMS 0.15 + 2.8 	 93	 100	 3.0	 0.181 wk + 2 wk
+POSTglyphosate + AMS 0.42 + 2.8 	 96	 100	 2.7	 0.13lwk+2 wk
+POSTglyphosate + AMS 0.84 + 2.8	 93	 100	 2.8	 0.251 wk + 2 wk
+POSTglyphosate + AMS 1.68 + 2.8	 97	 100	 2.7	 0.161 wk + 2 wk

glyphosate + AMS 0.42 + 2.8 POST + 1 wk	 91
	

100	 2.6	 0.19

glyphosate + AMS 0.84 + 2.8 POST + 1 wk	 97	 100	 3.0	 0.20

glyphosate + AMS 0.42 + 2.8	 POST	 93	 100	 2.8	 0.14

glyphosate + AMS 0.84 + 2.8	 POST	 97	 100	 2.8	 0.18

glyphosate + AMS 1.68 + 2.8	 POST	 98	 100	 3.0	 0.15

Untreated
	

0	 0	 2.4	 0.68

LSDro os	 5	 NS	 NS	 0.19 
Sugarbeets and dodder were infested with spider-mites and aphids.

b Abbreviations: POST, postemergence glyphosate application; 1 wk, postemergence glufosinate
application one week after POST, 2 wk, postemergence glufosinate application two weeks after POST.
Abbreviation: DAT, days after treatment.

d Sugarbeet dry wt measured at harvest 42 DAT.
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Table A.3. Field dodder control with glufosinate in the greenhouse'.

CVCCA Control 	 Dry wtd
Treatment	 Rate	 Timingb	 14 DAT`	 42 DAT	 BEAVA	 CVCCA

kg ae/ha	 grams

+POSTglufosinate + AMS 0.05 + 3.4	 96	 1001 wk + 2 wk
+POSTglufosinate + AMS 0.10 + 3.4	 93	 1001 wk + 2 wk
+POSTglufosinate + AMS 0.20 + 3.4	 96	 100

1 wk + 2 wk

+POSTglufosinate + AMS 0.30 + 3.4	 93	 100
lwk+2 wk

+POSTglufosinate + AMS 0.40 + 3.4	 97	 100lwk+2 wk

+POSTglufosinate + AMS 0.80 + 3.4	 91	 1001 wk + 2 wk

Untreated	 0	 0

LSDa,	 5	 NS
a Sugarbeets and dodder were infested with spider-mites and aphids.
b Abbreviations: POST, postemergence glufosinate application; 1 wk, postemergence glufosinate

application one week after POST, 2 wk, postemergence glufosinate application two weeks after POST.
Abbreviation: DAT, days after treatment.

d Sugarbeet dry wt measured at harvest 42 DAT.

3.1 0.12

3.0 0.18

2.7 0.13

2.8 0.25

2.7 0.16

2.6 0.19

2.4 0.68

NS 0.19
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