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WEED SCIENCE
Evaluation of GlyTol™ and GlyTol™ + LibertyLink® Cotton in the Mid-South

J. Trenton Irby, Darrin M. Dodds, Daniel B. Reynolds*, Christopher L. Main, L. Thomas Barber,
Kenneth L. Smith, and Alexander M. Stewart

ABSTRACT

Historically, weed control in cotton (Gossy-
pium hirsutum L.) relied upon a combination of
tillage, soil-applied herbicides, postemergence-
directed herbicides, and hand weeding. More
recently, weed control in cotton has become
heavily reliant on transgenic technologies.
Glyphosate-resistant and enhanced glyphosate-
resistant cotton were commercialized in 1997
and 2006, respectively. Glufosinate-resistant
cotton was commercialized in 2004. Although
Monsanto Company has been the traditional
provider of glyphosate-resistant technology,
Bayer CropScience identified a novel glyphosate-
resistant gene and released this technology to the
market in 2011. In addition, Bayer CropScience
introduced glyphosate/glufosinate-resistant
cotton containing this new glyphosate-resistant
trait plus the existing glufosinate-resistance
trait. The new glyphosate-resistant technology
is known as GlyTol™, whereas the glyphosate/
glufosinate-resistant technology is known as
GlyTol™ + LibertyLink®. Field experiments
were conducted at 14 locations across Arkansas,
Louisiana, Mississippi, and Tennessee from 2007
through 2009 to determine cotton response to
multiple glyphosate and/or glufosinate applica-
tions. Glyphosate-resistant cotton was not visual-
ly injured by sequential glyphosate applications.
Glyphosate/glufosinate-resistant cotton visual
injury was 2% or less when treated with glypho-
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sate, glufosinate, or glyphosate plus glufosinate.
A reduction in plant height of up to 4 cm was
observed only with the glyphosate/glufosinate-
resistant cotton after two or three glufosinate ap-
plications were made; heights were not reduced
by late season. Herbicide applications did not
affect boll development or cotton yield. These
data indicate GlyTol cotton has excellent toler-
ance to glyphosate applied topically and GlyTol
+ LibertyLink cotton has excellent tolerance to
topical applications of glyphosate, glufosinate,
and glyphosate plus glufosinate.

lyphosate-resistant (RR) cotton was developed

by Monsanto Company using cp4 epsps trait
genes designated as MON 1445 with an FMV 35S
promoter (Green, 2009). Commercial introduction
of RR cotton in 1997 dramatically altered weed
control methodology in cotton. Weed control in
cotton historically has been achieved through a
combination of cultivation, soil-applied herbicides,
and postemergence-directed (PD) herbicides
(Culpepper and York, 1998; York et al., 2004).
Herbicide-resistant cropping systems, specifically
RR cropping systems, have allowed producers
to rely less on tillage and more on herbicides for
weed control. For example, tillage was utilized
to manage pests on 62% of U.S. cotton acres in
1997 (USDA-NASS, 1998). By 2007, only 38%
of the total cotton acreage in the U.S. utilized
tillage for pest management (USDA-NASS,
2008). Growers utilizing RR cotton could apply
glyphosate postemergence over-the-top (POST)
of cotton through the 4-leaf stage of growth.
Glyphosate applications made after the 4-leaf stage
to RR cotton must be PD to prevent reduced boll
retention, square abscission, delayed maturity, and
yield reductions (Ferreira et al., 1998; Kalaher and
Coble, 1998; Kalaher et al., 1997; Lemon et al.
2005; Martens et al., 2003; Matthews et al., 1998;
Pline-Srnic et al., 2004). Adoption of RR cotton
allowed producers to decrease the number of soil-
applied herbicide applications (Culpepper and York,
1998, 1999), obtain broad spectrum weed control
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(Faircloth et al., 2001; Green, 2009), and adopt
conservation tillage practices (Bradley, 2000; York
et al., 2004). RR cotton also allowed producers
greater flexibility with respect to crop rotation due
to lack of soil activity of glyphosate.

Enhanced glyphosate-resistant (RR Flex) cot-
ton was commercially released in 2006. Roundup
Ready Flex cotton was developed by Monsanto
Company utilizing two cp4 epsps trait genes des-
ignated as MON 88913 with FMV/TSF1 and 35S/
ACT 8 promoters (Green, 2009). RR Flex cotton
offers similar advantages as RR cotton; however,
glyphosate can be applied POST from emergence
to within 1 wk of harvest in RR Flex cotton. Rapid
adoption of RR and RR Flex technologies has
occurred. Roundup Ready cotton was planted on
3.6% of total U.S. cotton acreage in 1997 (USDA-
AMS, 1997) and by 2009, 92% of U.S. cotton was
planted to RR or RR Flex cotton (USDA-AMS,
2009). A drawback of the RR Flex technology is
that having the option for reliance on glyphosate
as a sole means of weed control might facilitate the
development of glyphosate-resistant weeds (Main
et al., 2007).

Glufosinate-tolerant (LL) cotton was commer-
cially released in 2004. Glufosinate-tolerant cotton
was developed by Bayer CropScience utilizing
a bialaphos acetyltransferase (bar) gene desig-
nated as LLCotton25 with a CaMV35S promoter
(Green, 2009). Growers utilizing LL cotton can
apply glufosinate POST from emergence through
early bloom (Anonymous, 2013). Glufosinate is a
non-selective herbicide that has activity on many
grass and broadleaf weed species. For maximum
efficacy, glufosinate application should be based
on the size of the target weeds, not a particular
crop growth stage (Lemon et al., 2004). Corbett
et al. (2004) observed greater control of Palmer
amaranth (Amaranthus palmeri S. Wats.) following
glufosinate applications when weed size ranged
from 2 to 5 cm when compared to applications
made when Palmer amaranth was 8 to 10 cm in
height. Although adoption of LL cotton has been
slow, glufosinate can be used effectively to man-
age weeds (Culpepper et al., 2009; Everman et al.,
2007). Liberty Link cotton was planted on 1.1%
and 1.7% of U.S. cotton acres in 2004 and 2009,
respectively (USDA-AMS, 2004, 2009). However,
5.9% of U.S. cotton acres were planted to LL variet-
iesin 2012 (USDA-AMS, 2012). Historically, low
adoption rate of LL cotton varieties has been due to
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poor agronomic performance of available varieties
(Culpepper et al., 2009).

Historically, glyphosate has been used suc-
cessfully to control Palmer amaranth (Culpepper
and York, 1998; Grichar et al., 2004; Parker et al.,
2005). However, glyphosate-resistant Palmer ama-
ranth has been documented in Arizona, Arkansas,
Alabama, California, Delaware, Georgia, lllinois,
Kansas, Louisiana, Michigan, Mississippi, Missouri,
Ohio, New Mexico, North Carolina, Tennessee, and
Virginia (Heap, 2013). Although not as effective as
glyphosate on non-glyphosate—resistant Palmer ama-
ranth (Koger et al., 2007), glufosinate can be used
to effectively control Palmer amaranth if applied
in a timely manner (Culpepper et al., 2009, 2000;
Gardner et al., 2006; Norsworthy et al., 2008; Wilson,
Jr. et al., 2007). Due to the lack of cotton varieties
containing multiple herbicide-resistance traits, grow-
ers are beginning to plant cotton varieties containing
Widestrike™ technology and applying glufosinate
POST (L. Steckel, Personal Communication). The
Widestrike technology utilizes the phosphinothricin
acetyltransferase (pat) gene as a selectable marker
and therefore imparts a natural mechanism of resis-
tance to glufosinate. This practice is not supported
by Bayer CropScience (supplier of glufosinate) or
Dow AgroSciences (supplier of Widestrike cotton
varieties).

Cultivars with tolerance to both glyphosate
and glufosinate will provide growers with a needed
tool to control glyphosate-resistant weeds and aid
in resistance management (Culpepper et al., 2009).
Bayer CropScience is currently marketing cotton
varieties that contain resistance to glyphosate un-
der the name GlyTol™. Bayer CropScience is also
marketing glyphosate- plus glufosinate-resistant
cultivars under the name of GlyTol™ + LibertyLink®.
GlyTol cultivars utilize a new glyphosate-resistant
event, GHB 614, to confer resistance to glyphosate.
GHB 614 uses a modified-maize epsps gene and a
Ph4a748At promoter (Green 2009). GlyTol + Liber-
tyLink cultivars utilize GHB 614 to confer glypho-
sate resistance and LLCotton25 to confer resistance
to glufosinate. Little previous research is available
with regards to GlyTol or GlyTol + LibertyLink cot-
ton tolerance to topical applications of glyphosate or
glufosinate. Therefore, experiments were conducted
to determine GlyTol cotton tolerance to glyphosate
applied topically and GlyTol + LibertyLink toler-
ance to glyphosate, glufosinate, or glyphosate plus
glufosinate applied topically.
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MATERIALS AND METHODS

Field studies were conducted from 2007 to
2009 at 14 locations across the Mid-South. In
2007, experimental locations included the Black
Belt Branch Experiment Station near Brooksville,
MS; the West Tennessee Research and Extension
Center in Jackson, TN; and the Rohwer Research
Station near Rohwer, AR. Locations in 2008 and
2009 included the Black Belt Branch Experiment
Station; the West Tennessee Research and Exten-
sion Center; the Rohwer Research Station; the R.R.
Foil Plant Science Research Center near Starkville,
MS:; and the Lonn Mann Cotton Research Station
near Marianna, AR. In addition, a study was con-
ducted at the Macon Ridge Research Station near
Winnsboro, LA in 2008. Agronomic and herbicide
application information is given for all locations in
Tables 1 and 2. Herbicide treatments were arranged
in a randomized complete block design with four
replications. Insecticides, plant growth regulators,
and defoliants were applied uniformly at each indi-
vidual location according to standard management
practices for each state.

Herbicide applications were made at the fol-
lowing growth stages each year: 1to 2 leaf, 7t0 9
leaf, 13 to 16 leaf, and at 10 to 50% open boll. In
2007, cultivars containing only the GHB614 trait
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were available and were screened for tolerance
to multiple glyphosate formulations. Glyphosate
formulations, application rates, and suppliers for
the 2007 experiment are listed in Table 3. A non-
glyphosate control was included at all locations for
comparison purposes. Utilizing results from 2007,
only the Glyphos X-TRA (Cheminova, Inc., Re-
search Triangle Park, NC) glyphosate formulation
was utilized in 2008 and 2009. Utilizing a cultivar
containing both the GHB614 and LLCotton25
traits, herbicide applications were made at four
cotton growth stages including 1 to 2 leaf, 7 to 9
leaf, 13 to 16 leaf and 50% boll open. Herbicide
options and rates included glyphosate at 1.12 kg
ae ha! and/or glufosinate (Ignite 280 SL, Bayer
CropScience, Research Triangle Park, NC) at 0.60
kg ai ha' applied as follows: 1) glyphosate ap-
plied sequentially; 2) glufosinate applied sequen-
tially; 3) glyphosate followed by (fb) glufosinate
fb glyphosate fb glufosinate; 4) glufosinate fb
glyphosate fb glufosinate fb glyphosate; and 5)
glyphosate plus glufosinate applied sequentially.
A non-glyphosate and/or glufosinate control was
included for comparison purposes; therefore,
various herbicide or mechanical tillage practices
were used as methods to maintain this system as
weed free. Visual estimates of cotton injury were
collected 7 and 14 d after each treatment and were

Table 1. Seeding rates and planting, application, and harvest dates for all locations.

0,
Location Year Plgr;'igng Seégtigg Hgt;{gst 1I?Za_ tEe(gf 7?3 tEeOe_rf 13?1a_(§eLot_3faf Dggzq(r)]fBS-g”/o
Application* Application¥ Application* Application*
Seed hat
Rowher, AR 2007 12 June 136,000 No Harvest 06 July 19 July 16 August -
Brooksville, MS 2007 08 June 136,000 30 November 29 June 24 July 07 September 03 October
Jackson, TN 2007 12 June 136,000 23 October 28 June 11 July 01 August 24 September
Marianna, AR 2008 26 May 136,000 28 October 16 June 26 June 16 July 23 September
Rowher, AR 2008 28 May 136,000 No Harvest 12 June 01 July 30 July 09 October
Winnsboro, LA 2008 28 May 145000 10 October 13 June 27 June 22 July -
Brooksville, MS 2008 06 June 128,000 18 November 23 June 02 July 15 August 10 October
Starkville, MS 2008 04 June 128,000 18 November 19 June 05 July 04 August 17 October
Jackson, TN 2008 19 May 136,000 03 November 30 May 19 June 10 July 04 September
Marianna, AR 2009 18 June 136,000 No Harvest 08 July 17 July 12 August 12 October
Rowher, AR 2009 15June 136,000 No Harvest 07 July 20 July 26 August 11 November
Brooksville, MS 2009 16 June 136,000 No Harvest 09 July 23 July 17 August 02 November
Starkville, MS 2009 18 June 120,000 No Harvest 10 July 30 July 14 August 16 November
Jackson, TN 2009 01 June 136,000 09 November 22 June 06 July 21 July 17 August
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based on a scale of 0 to 100, where 0 denoted no
cotton injury and 100 denoted complete cotton
death (Frans et al., 1986). Visual injury estimates
were based upon observed chlorosis and necrosis
of treated cotton plants. In 2007, plant heights
from five plants per plot were collected 14 d after
the final application to assess cotton height re-
sponse to multiple applications of glyphosate. In
2008 and 2009, plant heights from five plants per
plot were collected prior to and 14 d after each
application to assess cotton height response to
herbicide applications. Uppermost fruiting nodes
were marked immediately prior to the 13 to 16

leaf application. Sixty days after the 13 to 16 leaf
application, a visual, non-destructive boll sample
was conducted to assess the impact of herbicide
application on cotton pollination and subsequent
boll development. Twenty-five cotton bolls from
each plot were examined. All normal and mis-
shapen cotton fruiting were counted for each
plot. Seed cotton yields were collected from the
two center rows of each plot utilizing a spindle
harvester modified for small plot research. With
the exception of the Jackson, TN, location, no
seed cotton yields were collected in 2009 due to
extreme rainfall throughout the harvest season.

Table 2. Soil characteristics, plot dimensions, and herbicide application information for all locations.

Soil Soil
Series  Texture

Soil Taxonomic

Location Year Classification

Irrigation

Row Plot
Spacing Dimensions

Application Spray App.

Pressure Tip Volume Sl

Fine-silty, mixed,
superactive, mesic
Udollic Epiaqualfs

Fine, smectitic,
thermic Oxyaquic
Hapluderts
Coarse-silty, mixed,
active, acid, thermic

Aquic Udifluvents

Fine-silty, mixed,

Marianna, AR~ 2008 Calloway Silt Loam active, thermic Aquic
Fraglossudalfs

Fine-silty, mixed,
superactive, mesic
Udollic Epiaqualfs

Fine silty, mixed,

thermic, Typic
Fragiudalf
Fine, smectitic,
thermic Oxyaquic
Hapluderts
Fine, smectitic,
nonacid, thermic

Vertic Epiaquepts
Coarse-silty, mixed,

active, acid, thermic

Aquic Udifluvents

Fine-silty, mixed,

Marianna, AR~ 2009 Calloway Silt Loam active, thermic Aquic
Fraglossudalfs

Fine-silty, mixed,
superactive, mesic
Udollic Epiaqualfs

Fine, smectitic,
thermic Oxyaquic
Hapluderts
Fine, smectitic,
nonacid, thermic

Vertic Epiaquepts
Coarse-silty, mixed,

active, acid, thermic

Aquic Udifluvents

Rowher, AR? 2007 Herbert Silt Loam

Brooksville, MS 2007 Okolona Silty Clay

Jackson, TN 2007 Collins Silt Loam

Rowher, AR? 2008 Herbert Silt Loam

Winnsboro, LA 2008  Jigger  Silt Loam

Brooksville, MS 2008 Okolona Silty Clay

Sandy

Starkville, MSZ 2008
Loam

Leeper

Jackson, TN 2008 Collins  Silt Loam

Rowher, AR 2009 Herbert Silt Loam

Brooksville, MS? 2009 Okolona Silty Clay

Sandy

Starkville, MSZ 2009
Loam

Leeper

Jackson, TN 2009 Collins  Silt Loam

Furrow 97

Furrow 97

None 97

Furrow 97

Furrow 97

None 102

Furrow 97

None 97

None 97

Furrow 97

Furrow 97

Furrow 97

None 97

None 97

*
cm # rows kPa

-1 1
length (m) Lhal Kmhr

4*85 345/379  Air Induction 112 4.8

4*122 220 Flat Fan 140 4.8

4*91 207 Flat Fan 114 6.4

4*122 262 Flat Fan 140 5.6

4*9.1 379/310  Air Induction 112 6.1

4*122 276 Flat Fan 140 51

4*122 220 Flat Fan 140 4.8

4*122 290/222 Flat Fan 140 4.8

4*9.1 207 Flan Fan 114 6.4

4*122 283 Flat Fan 140 5.6

4*85 310 Air Induction 112 5.6

4*12.2 207/220 Flat Fan 140 4.8

2001207/414  FIALFAN) 4 has 4 gis6

*
wriaz Hollow Cone

4*91 207 Flan Fan 114 6.4

ZVarying application pressure and/or spray tips is due to the use of multiple sprayers at these locations.
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Table 3. Glyphosate formulations applied to GlyTol cotton during the 2007 growing season.

Common Name Trade Name Formulation Supplier Application Rate
kg ae/L kg ae/ha
Glyphosate Roundup OriginalMax 7.74 Monsanto Company? 1.12
Glyphosate Roundup WeatherMax 7.74 Monsanto Company? 1.12
Glyphosate Glyfos X-TRA 5.16 CheminovaY 1.12
Glyphosate Credit Extra 5.16 Nufarm Agricultural Products* 1.12
Glyphosate Touchdown Total 7.17 Syngenta Crop Protection" 0.84
Glyphosate Honcho Plus 5.16 Monsanto Company? 1.12

Z Monsanto Company, St. Louis, MO 63167

Y Cheminova, Inc., Research Triangle Park, NC 27709
*Nufarm Agricultural Products, Burr Ridge, IL 60527
WSyngenta Crop Protection, Greensboro, NC 19810

Data were analyzed using the PROC MIXED
procedure of the Statistical Analysis System (SAS®
version 9.1; SAS Institute Inc., Cary, NC). To
determine the effect of glyphosate formulation on
cotton varieties containing the GHB614 trait, data
collected in 2007 were combined over environ-
ments, analyzing environment as a random effect,
and subjected to an ANOVA, and the means were
separated by Fisher’s Protected LSD at the 0.05 level
of significance. In addition, data were pooled over
all locations in 2008 and 2009 to determine effects
of glyphosate and/or glufosinate on cotton cultivars
containing both the GHB614 and LLCotton25 traits.

RESULTS AND DISCUSSION

Cotton Injury. In 2007, no cotton injury was
observed for any treatment after any application
timing (Table 4). These results are similar to those
from GlyTol cotton tolerance experiments conducted

in other locations across the cotton belt (Humphries
et al., 2009). During 2008 and 2009, less than 2%
injury was noted following 1 to 2 leaf or 7 to 9 leaf
applications (Table 5). No crop injury was observed
after any other application timing. Similar results
were observed by Henniger et al. (2009).

Plant Height Assessment. Glyphosate did not
influence plant height in 2007 (Table 4). In 2008 and
20009, plant heights ranged from 24 to 25 cm, 57 to
61 cm, 91 to 94 cm, and 106 to 112 cm, 14 d after the
1to 2 leaf, 7 to 9 leaf, 13 to 16 leaf, and 50% open
boll applications, respectively (Table 6). Plant height
reductions were not observed following any herbicide
application at the 1- to 2-leaf crop stage. Areduction in
plant height of up to 4 cm was observed 14 d after ap-
plication of glufosinate alone compared to glufosinate
fb glyphosate at the 7 to 9 and 13 to 16 leaf stages of
growth (Table 6). These results are similar to those
found by Holloway et al. (2008). Herbicide systems
did not reduce plant heights late in the season (Table 6).

Table 4. Visual GlyTol cotton injury 14 d after glyphosate applications and late-season plant heights in 2007.

Application Timing

Treatment? Application Rate Plant Height
1-2 leafy 7-9 leafy 13-16 lea®¥  50% openY

kg ae/ha % cm
Non-treated Check 0 0 0 0 84
Roundup Original Max 1.12 0 0 0 0 81
Roundup Weather Max 1.12 0 0 0 0 80
Touchdown Total 0.84 0 0 0 0 78
Glyfos X-TRA 1.12 0 0 0 0 81
Credit Extra 1.12 0 0 0 0 81
Honcho Plus 1.12 0 0 0 0 80
LSD (0.05)* NSD NSD NSD NSD NSD

z All treatments received four sequential applications at the 1-2 leaf fb 7-9 leaf fb 13-16 leaf fb 50% open growth stages.

¥ Cotton growth stage at time of application.

* Means separated according to Fisher’s Protected LSD at P = 0.05.
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Table 5. Visual injury of GlyTol + LibertyL ink cotton following applications of glyphosate and/or glufosinatein 2008 and 2009.

Application Timing

SN Application 1-2 leaf? 7-9 leaf? 13-16 leaf? 50% open?
Rate” Days After Treatment
7 14 7 14 7 14 7 14
kg ae hax

Non-treated Check - 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Glyphosate" 1.12 11 0.6 13 0.1 0.0 0.0 0.0 0.0
Glufosinate" 0.60 0.0 0.6 1.0 0.0 0.0 0.0 0.0 0.0
Glufosinate' fb glyphosate”  0.60 fb 1.12 0.8 0.9 13 0.0 0.0 0.0 0.0 0.0
Glyphosate fb glufosinate¥ ~ 1.12 fb 0.60 0.0 0.7 1.1 0.1 0.0 0.0 0.0 0.0
Glufosinate' + glyphosate™” 0.60 +1.12 0.0 0.8 14 0.1 0.0 0.0 0.0 0.0
LSD (0.05) NSD 0.3 0.5 0.1 NSD NSD NSD NSD

z Cotton growth stage at time of application.

Y All treatments received four sequential applications at the 1-2 leaf fb 7-9 leaf fb 13-16-leaf fb 50% open growth stages.
Where glufosinate was followed by glyphosate, glufosinate was applied at 1-2 leaf fb glyphosate at 7-9 leaf glufosinate at
13-16 leaf fb glyphosate at 50% open. Where glyphosate was followed by glufosinate, glyphosate was applied at 1-2 leaf
fb glufosinate at 7-9 leaf fb glyphosate at 13-16 leaf fb glufosinate at 50% open.

x Glufosinate application rates given as kg ai hat, whereas glyphosate application rates given as kg ae ha.
WGlyphos X-TRA, Cheminova, Inc. Research Triangle Park, NC 27709

VIgnite 280 SL, Bayer CropScience, Research Triangle Park, NC 27709.

Y Means separated according to Fisher’s Protected LSD at P = 0.05.

Table 6. Cotton plant height and abnormal boll number following herbicide application(s) to GlyTol + LibertyLink cotton
in 2008 and 2009.

Plant Height?

Treatment Apg;gion Application Timing Abggﬁ?al
1-2 leaf® 7-9 leafX 13-16 leaf®*  50% open*
kg ae/ha” cm number

Non-treated Check 25 61 93 106 1
Glyphosate" 1.12 25 59 92 109 1
Glufosinate! 0.60 24 57 91 109 1
GlufosinateY fb glyphosate” 0.60fb 1.12 25 61 94 112 1
Glyphosate' fb glufosinate! 1.12 fb 0.60 25 60 93 109 1
GlufosinateY + glyphosate¥ 0.60 +1.12 24 60 92 110 1
LSD (0.05)t NSD 3 2 3 NSD

Z Plant heights were collected from five plants per plot 14 d after each application timing.

Y All treatments received four sequential applications at the 1-2 leaf fb 7-9 leaf fb 13-16 leaf fb 50% open growth stages.
Where glufosinate was followed by glyphosate, glufosinate was applied at 1-2 leaf fb glyphosate at 7-9 leaf fb glufosinate
at 13-16 leaf fb glyphosate at 50% open. Where glyphosate was followed by glufosinate, glyphosate was applied at 1-2
leaf fb glufosinate at 7-9 leaf fb glyphosate at 13-16 leaf fb glufosinate at 50% open.

* Cotton growth stage at time of application.

wGlufosinate application rates given as kg ai ha, whereas glyphosate application rates given as kg ae ha™.
v Glyphos X-TRA, Cheminova, Inc. Research Triangle Park, NC 277009.

YIgnite 280 SL, Bayer CropScience, Research Triangle Park, NC 27709.

t Means separated according to Fisher’s Protected LSD at P = 0.05.
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Abnormal or Misshapen Boll Assessment. No
differences in the number of misshapen or abnormal
bolls were observed for any treatment (Table 6). All
treatments, including the non-treated check, had an
average of one misshapen boll.

Cotton Yield. Machine-harvested yields in
2007 indicated no difference in seed cotton yield of
the GlyTol cultivar due to glyphosate formulation
(Table 7). Reduced yield in the non-treated check
was likely due to weed competition that might have
occurred. Additionally, machine-harvested yields
in 2008 and 2009 indicate no adverse effects from
glyphosate and/or glufosinate application on yield of
the GlyTol + LibertyLink cultivar with yields rang-
ing from 2,806 to 2,902 kg seed cotton per hectare
(Table 8). Cultivars provided for these experiments
were for proof of concept only. These cultivars were
not selected for yield potential, which might account
for lower than expected yields.

Table 7. Machine harvested seed cotton yields in 2007
following four applications of glyphosate to GlyTol cotton.

Treatment? Application Rate Cotton YieldY
kg ae ha? kg hat
Non-treated Check - 947
Roundup OriginalMax 1.12 1540
Roundup WeatherMax 1.12 1347
Touchdown Total 0.84 1557
Glyfos X-TRA 1.12 1576
Credit Extra 1.12 1485
Honcho Plus 1.12 1410
LSD (0.05) 246

z All treatments received four sequential applications at
the 1-2 leaf fb 7-9 leaf fb 13-16 leaf fb 50% open growth
stages.

¥ Cotton yield collected from Brooksville, MS in 2007.
Other locations were not taken to harvest.

* Means separated according to Fisher’s Protected LSD at
P =0.05.

These data indicate the GlyTol trait technol-
ogy provides excellent tolerance to multiple POST
applications of glyphosate. No adverse effects on
plant height, visual injury, or maturity following
multiple applications of six different formulations
of glyphosate were observed. In addition, GlyTol
+ LibertyLink technology also provided excellent
tolerance to multiple applications of both glyphosate
and/or glufosinate with the maximum observed in-
jury being no greater than 2%. Differences in plant
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height after any application, although occasionally
significant, did not exceed 6 cm. Abnormal and/or
misshapen boll assessments indicated no adverse
effects on boll development due to glyphosate and/or
glufosinate application. Development and prolifera-
tion of glyphosate-resistant weeds is of major con-
cern, especially in cropping systems that have relied
heavily on glyphosate for total POST weed control.
GlyTol + LibertyLink technology will allow broad
spectrum weed control from two different herbicide
chemistries. Although this technology will provide
benefits for management of glyphosate-resistant
weed species, it is vital to utilize additional modes of
action in conjunction with this technology to delay
the further development of herbicide-resistant weeds.
Proper weed management strategies are necessary to
maintain the utility of herbicide-resistant technology.

Table 8. Machine-harvested seed cotton yields in 2008 and
2009 following multiple applications of glyphosate and/or
glufosinate to GlyTol + LibertyLink cotton.

Treatment? Application Rate Cotton YieldY
kg ae ha*x kg ha!
Non-treated Check --- 2806
Glyphosate" 1.12 2832
Glufosinate" 0.60 2839
Glufosinate' fb glyphosate"  0.60 fb 1.12 2881
Glyphosate" fb glufosinate’  1.12 fb 0.60 2896
Glufosinate" + glyphosate” ~ 0.60 + 1.12 2902
LSD (0.05)! NSD

z All treatments received four sequential applications at
the 1-2 leaf fb 7-9 leaf fb 13-16 leaf fb 50% open growth
stages. Where glufosinate was followed by glyphosate,
glufosinate was applied at 1-2 leaf fb glyphosate at 7-9
leaf fb glufosinate at 13-16 leaf fb glyphosate at 50%
open. Where glyphosate was followed by glufosinate,
glyphosate was applied at 1-2 leaf fb glufosinate at 7-9 leaf
fb glyphosate at 13-16 leaf fb glufosinate at 50% open.

Y Cotton yield collected from Rower, AR in 2008;
Marianna, AR in 2008; Brooksville, MS in 2008;
Starkville, MS in 2008; and Jackson, TN in 2008 and
2009. Extreme rainfall prevented plot harvest at other
locations in 2009.

X Glufosinate application rates given as kg ai ha!, whereas
glyphosate application rates given as kg ae ha.

WGlyphos X-TRA, Cheminova, Inc. Research Triangle
Park, NC 27709.

VIgnite 280 SL, Bayer CropScience, Research Triangle
Park, NC 27709.

Y Means separated according to Fisher’s Protected LSD at
P =0.05.
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