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ABSTRACT

Trifloxysulfuron (CGA-362622) at 2.5, 5 and 10 g a. i./hamixed with non-ionic (0.25% Induce and X-77),
organosilicone (0.1% Kinetic and Silwet L-77) and crop oil concentrate (1.0 % Agridex and Meth-N-Oil) adjuvants
was eval uated for bioefficacy, surfacetension, contact angle and chlorophyll fluorescence responsesin guineagrass
(Panicum maximum L.), sicklepod (Senna obtusifolia L.), yellow nutsedge (Cyperus esculentus L.) and cotton
(Gossypium hirsutum L.). The lowest surface tension and contact angle were recorded with L-77 mixed with
trifloxysulfuron. Among the six adjuvants, surface tension and contact angle were highest with Meth-N-Qil;
however, these differences did not greatly influence herbicide efficacy. Decreasing or increasing the adjuvant
concentrationsfrom 1X to 0.5 or 4X with 10 g/hatrifloxysulfuron had only 2 to 4% variationsin surface tension and
contact angle compared to recommended rates (X) when data were averaged over adjuvants and concentrations.
Adjuvants had no antagonistic effects for trifloxysulfuron activity on any weed species. Phytotoxicity symptoms
of trifloxysulfuron on cotton disappeared after two weeks, but plant height and fresh weight were reduced 3 WAT
compared to control plants. Reduction in plant height or fresh weight of cotton was similar for different adjuvants
mixed with trifloxysulfuron. Guineagrasswas|ess affected by trifloxysulfuron plus adjuvantsthan yellow nutsedge
or sicklepod. Kinetic mixed with trifloxysulfuron was more effective in reducing plant height and fresh weight of
guineagrass compared to other adjuvants; however, activities were comparable when data averaged over species and
ratesfor different adjuvants. Chlorophyll fluorescence wasreduced in all the species after herbicide application, but
the reduction was not consistent with application rates, species and duration of 1, 4, 7 and 14 days after treatment
(DAT). Reduction in chlorophyll fluorescence in treated plants of cotton was less than weeds, but followed no
particular trend with herbicide rates or adjuvant interaction. Visual mortality of 17, 53 and 36% at 2 WAT in
guineagrass, sicklepod and yellow nutsedge, respectively, was not visible in similar reduction in chlorophyll
fluorescence, when datawere averaged over treatments. Chlorophyll fluorescence may not be anideal tool to predict
herbicidal efficacy of trifloxysulfuron in the test species.

INTRODUCTION

Trifloxysulfuron with the common name of
Envoke (CGA-362622) N-[(4,6-dimethoxy-2-
pyrimidinyl) carbomyl]-3-(2,2,2-trifluoroethoxy)-
pyridin-2-sulfonamide sodium salt is an acetolactate
synthase (ALS) inhibitor and a member of the
sulfonylureaherbicide family that has been successfully
evaluated for weed control in cotton (Gossypiumhirsutum
L.), sugarcane (Saccharum officinarium L.) and citrus
[Citrus sinensis (L.) Osbeck.] (Rawls et al. 2000;
Porterfield et al., 20023, b; Porterfield and Wilcut 2003;
Singh and Singh, 2004a). Trifloxysulfuron hasalso been
evaluated for weed control in other crops, and warm
season turf grasses (Lovelace et al., 2001; Wells et al .,
2001; Barber et al., 2002; Fisher et al., 2002).
Trifloxysulfuron is a low use rate herbicide with low
mammalian toxicity and favourable environmental

properties. Herbicide efficacy is greater on younger
plants; growth stage of weed speciessignificantly affects
trifloxysulfuron uptake, trand ocation and weed mortality
(Askew and Wilcut, 2002; Singh and Singh 2004b).
Tank mixing of a non-ionic surfactant greatly
influenced the weed control efficacy of trifloxysulfuron
(Singhand Singh 2004b). Adjuvantsare aready included
in the formulations of some herbicides, whereas others
need to be added to the tank prior to use for increased
efficacy. Adjuvants are used to enhance herbicide
efficacy to increase rainfastness, lower surface tension,
increase herbicide penetration by adequate spray cover
of plant surfaces, and improve delivery to target site
(Roggenbuck et al., 1990; Reddy and Singh 1992;
Bariuan et al., 1999; Kirkwood, 1999; Penner, 2000).
Adjuvants help to reduce the application rates of
herbicides by a quarter without compromising weed
control efficacy (Malik and Singh, 1993). Thisnot only
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lowersthe environmental loading of herbicides, but also
makes herbicides more economical to farmers. A non-
ionic surfactant (NIS) or crop oil concentrate (COC) is
generally recommended for use with ALS inhibiting
herbicides (Richardson et al., 2004), but adjuvantsdiffer
greatly in efficacy enhancement of ALS herbicides
(Woznicaet al., 1997). An antagonistic effect of Silwet
L-77 was observed on glyphosate uptake and resultant
herbicidal efficacy (Gaskin and Stevens, 1993; Sharma
and Singh, 2000). Specificity of adjuvants for distinct
target weed species and herbicides has al so been observed
(Roggenbuck et al., 1990; Sun et al., 1996; Jordan,
1996; Jordan and Burns, 1997; Sharmaand Singh, 2000;
Strahan et al., 2000). Richardson et al. (2004) reported
the effect of some adjuvants on cotton with post
application of trifloxysulfuron, but no work has been
reported on the efficacy of trifloxysulfuron on weed
species with adjuvants that differ in their modes of
action.

Surfactants can influence several biological
activities in weed species when mixed with herbicides
alongwith reduced surface tension (Ernst and Arditti,
1980; Imai et al., 1994; Hess and Foy, 2000) and contact
angle (Penner, 2000) resulting in increased penetration,
target site delivery and herbicide efficacy. There are
limited data available explaining surface tension and
contact angle.

ALSinhibiting herbicidesare dow indevel oping
toxicity symptoms asit takes generally 1 to 2 weeksfor
visible mortality to appear on treated weed species. The
lower use rates and slow weed mortality may increase
the risk of inadequate control of some weed species
depending on the growth stage, application method and
environmental conditions. A quick and reliable test to
predict herbicide efficacy at an early stage after
application would help in making a decision about a
second application if the herbicide fails to control weed
species after one application.

Fluorescenceimaging has been shownto rapidly
predict herbicide efficacy (deRuiter and Jalink, 2004);
however, it is costly and lacks versatility for field use.
Chlorophyll fluorescence has been used primarily for
photosynthesisinhibiting herbicides, which offers quick
and reliable dataon photosystem |1 activity and herbicide
mortality under field and greenhouse conditions (Ducruet
et al., 1993; Singh et al., 1997). Not al herbicides
directly affect photosynthesis, but a decrease in
photosystem Il provides an efficient tool to measure
biological response of herbicides under different

conditions. ALS and other herbicides that affect
enzymatic system as a primary target have been shown
to affect photosynthesis indirectly (Boger et al., 2002).
Effects on chlorophyll fluorescence with imazaquin
(Judy et al., 1990), imazamethabenz (Percival and Baker,
1991) and metsulfuron-methyl (Reithmuller et al., 2003)
have been reported. Madsen et al. (1995) reported
significant effects of glyphosate on chlorophyll
fluorescence and carbon dioxide exchange rate.

This study was conducted to eval uate the effect
of different adjuvants on surface tension and contact
angleof trifloxysulfuron leading to efficacy enhancement
on different weed species. Chlorophyll fluorescence as
influenced by herbicide treatment at different rates and
durations after application was also evaluated as arapid
assessment tool under greenhouse and field conditions
to predict herbicide efficacy.

MATERIALS AND METHODS
Bioefficacy Study

Greenhouse experiments were conducted using
weed seedlings growing in Metro-mix 500 potting media
(The Scotts Company, Marysville, OH 43041) at
University of Florida, Citrus Research and Education
Center, Lake Alfred, Florida, USA. Ten seeds of
guineagrass, sicklepod, yellow nutsedge and three seeds
of cotton (Delta Pine 50) were planted separately in 11-
cm plastic pots. After emergence, weed seedlings were
thinned to four per pot. Plants were grown in a
greenhouse under natural light (12 h day/night) with a
PPFD of 478 uMol/m?s, 25/16+2°C (day/night)
temperature and 70+£5% relative humidity.

All herbicide and adjuvant treatments were
applied at the 4- or 6-1eaf stage of weeds using achamber
track sprayer (Allen Track Sprayer, Allen Machine Works,
607 E. Miller Road, Midland, M1 48640) fitted with
flat fan spray nozzle (8002 Tegjet, Spraying Systems Co.,
P.O. Box 7900, Wheaton, IL 60189) delivering a rate of
190 I/ha at 140 kPa. Herbicide treatments consisted of
trifloxysulfuron at 2.5, 5and 10 g ai/hamixed with 0.25%
(v/v) Induce (Induce®, mixture of alkyl aryl
polyoxyalkane ethers, free fatty acids and dimethyl
polysiloxane (90%), surfactant content 70%, Helena
Chemical Company, 5100 Poplar Ave., Memphis, TN
38137), X-77 (X-77®, blend of Alkylaryl polyoxyethylene,
alkylpolyoxyethelene, fatty acids, glycols and
dimethylpolysiloxane (90%), Loveland Industries Inc.
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PO Box 1289, Greeley, CO 80632) (non-ionic
surfactants), 0.1% Kinetic (Kinetic®, proprietary blend
of polyalkyleneoxide maodified polydimethylsiloxane and
non-ionic surfactant (90%), Helena Chemical Company,
5100 Poplar Ave., Memphis, TN 38137), L-77 (L-77®,
containspolyalkyleneoxide, modified heptamethyltrisiloxane
(99.5%) , Loveland Industries Inc. PO Box 1289,
Greeley, CO 80632) (organo silicone surfactant), 1%
Agri-Dex (Agri-Dex®, proprietary blend of heavy range
paraffinic oil, polyol fatty acid estersand polyethoxyl ated
derivatives thereof (99%); Surfactant content 17% and
unsulfonated oil residues (UR) 95% minimum, Helena
Chemical Company, 5100 Poplar Ave., Memphis, TN
38137) and Meth-N-Oil (Meth-N-Oil®, contains
methylated canola oil (83%), surfactantsand emulsifiers
(17%), Jay-Mar, Inc. PO Box 429, Plover, WI 54467)
(crop oil concentrates) for each rate. All the plants of
uniform height were selected for spraying from each
species. Plant height of guineagrass, sicklepod, yellow
nutsedge, and cotton was 38, 12, 54 and 22 cm during
the first run and 45, 18, 62 and 24 cm for repeat,
respectively, at spraying. Control plantswere maintai ned
for each species and herbicide rates. There were four
replicated pots per treatment, arranged in a completely
randomized design. Plants were watered daily and
fertilized with a 20-20-20, N-P,O,-K,O fertilizer once
during the growth period. Visual observations on
mortality were recorded at weekly intervals until three
weeks after treatment (WAT) on a 0-100 scale, where
0=no effect and 100=complete mortality. The experiment
was terminated after recording fresh weight and plant
height of treated plants. Both experiments had similar
results, hence, values were pooled for ANOVA using
ARM (Agriculture Research Manager, Gylling Data
Management, Inc., 405 Martin Boulevard, Brookings,
D 57006) software. Analyses of species, herbicides,
application rates and growth stageinteractionswere also
performed on combined data using SPSS (Statistical
Package for Social Sciences (SPSS), Version 10, SPSS,,
Inc. 233 S. Wacker Drive, 11" Floor, Chicago, |L 60606-
6307).

Satic Surface Tension and Contact Angle

Herbicide and adjuvant solutions were freshly
prepared using double glass distilled water with 0.125,
0.25, 0.5 and 1% non-ionic surfactant (N1S), 0.05, 0.1,
0.2 and 0.4% organo silicone (OS) or 0.5, 1.0, 2.0 and
4% crop-ail concentrate (COC) adjuvants (v/v). These

solutions were used to measure both static surface
tension (ST) and contact angle (CA) measurements for
trifloxysulfuron at 10 g/ha plus adjuvants at different
concentrations. Comparisons were made with double
glass distilled water and herbicide alone. Static surface
tension was determined by DuNouy ring method (Singh
and Mack, 1993) using a CSC-DuNuoy Tensiometer
(CSC Scientific Company, Inc., Fairfax, VA 23031,
USA). Therewere 10 replicate samples of 50-ml volume
in plastic Petri dishes of 9 cm diameter for measuring
ST. The platinum-iridium ring was flame heated each
time before measuring ST. The contact angle was
measured with aNRL Contact Angle Goniometer (Ramé
— hart, Inc., Mountain Lakes, NJ 07046, USA) using
2.5-ul droplets of test solution on Teflon slides. Both
advancing and receding contact angles were measured
and values averaged over 10 replicates. Two experiments
were conducted for ST and three experiments for CA
and values were combined for ANOVA using SPSS.

Chlorophyll Fluorescence

Thethird leaf from the top of each plant was used
for measuring chlorophyll fluorescence at 1, 4, 7 and 14
days after herbicide treatment (DAT) of the three weed
species and cotton. The leaves were dark adapted with
the clipsfor 30 min duration before measuring chlorophyll
fluorescence using a Modulated Fluorometer (OS1-FL,
Modulated Fluorometer , Opti-Sciences, 164 Westford Rd
# 4, Tyngshoro, MA 01879, USA). Thefluorescence meter
measured Fv/Fm values, where Fv = variable fluorescence
(Fm-FO), Fm = fluorescence level when Qais transiently
fully reduced, and FO=fluorescence level when
plastoquinone e ectron acceptor pool (Qa) isfully oxidized
(Singh et al., 1997). Fv/Fm is an arbitrary unit and is
proportiond to the quantum yield of photochemistry and
highly correlated with the quantum yield of net
photosynthesis. A value closeto 0.800 or higher normally
indicates hedlthy plants and reductions in Fv/FM values
explain damage or reduction in the total number of
photosystem |l apparatus by herbicides or other factors.
Chlorophyll fluorescence was recorded for both sets of
bioefficacy study and data were pooled for ANOVA.

RESULTS AND DISCUSSION
Bioefficacy Studies

Guineagrass : Mortality of guineagrass was
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lower compared to other weed species when
trifloxysulfuron was used with different adjuvants (Fig.
1). The highest reduction of 52% in fresh weight of
guineagrass was recorded with 10 g/ha trifloxysulfuron
mixed with 0.1% Kinetic. Fresh weight reduction was
greater when Kinetic or Agri-Dex was mixed with
trifloxysulfuron compared to other adjuvants. Agri-Dex
mixed with trifloxysulfuron was better in reducing the
fresh weight of guineagrass compared to Meth-N-Qil,
but none of them had any significant reduction in fresh
weight with increasing herbicide rates from 2.5t0 10 g/
ha. Trifloxysulfuron 10 g/ha mixed with Induce, X-77,
or L-77 provided only 33 to 37% reduction in fresh
weight of guineagrass (Fig. 1).

All treatments reduced the plant height of
guineagrass compared to control plants, the reduction
wassignificantly moreat 10 g/harate of trifloxysulfuron,
regardless of adjuvants (Fig. 2). Kinetic or Agri-Dex
was more effectivein reducing guineagrass height when
mixed with trifloxysulfuron as compared to other
adjuvants, but the differences were non-significant
among the six adjuvants, when data were averaged over
rates.

Sicklepod : The fresh weight of sicklepod was
reduced by 61 to 88% by trifloxysulfuron tank mixed
with adjuvants (Fig. 1). Agri-Dex, L-77, or X-77 when
mixed with trifloxysulfuron reduced fresh weight of
sicklepod less compared to other adjuvants.
Trifloxysulfuron at 2.5 g/hatank mixed with 1.0% Meth-
N-Oil reduced fresh weight by 80%, the effect was
similar to 10 g/ha of trifloxysulfuron mixed with other
adjuvants. Reduction in fresh weight was less with
increasing trifloxysulfuron rates from 2.5 to 5 g/ha, but
significantly higher at 10 g/ha of trifloxysulfuron mixed
with adjuvants, except with Meth-N-Oil which had
similar effects at 2.5 g/ha.

Plant height of sicklepod was reduced by 60 to
68% by trifloxysulfuron tank mixed with different
adjuvants (Fig. 2). There were no differences in the
herbicide effect on plant height of sicklepod when used
at different rates with any of the adjuvants.

Yellow nutsedge : Fresh weight of yellow
nutsedge was reduced significantly by trifloxysulfuron
2.5 g/lhamixed with adjuvants compared to control (Fig.
1). All the adjuvants when mixed with trifloxysulfuron
reduced fresh weight of yellow nutsedge; similarly,
reduction was slightly lower with Kinetic or Agri-Dex
when mixed with 2.5 g/ha of trifloxysulfuron, but was
similar at higher rates of herbicide. When averaged over

trifloxysulfuron rates, fresh weight of yellow nutsedge
was reduced by 68, 65, 63, 66, 66 and 65% with the
addition of Induce, X-77, Kinetic, L-77, Agri-Dex or
Meth-N-Qil, respectively.

Trifloxysulfuron was effective in reducing the
plant height of yellow nutsedge by 32 to 38%; all the
adjuvants had similar effect on trifloxysulfuron efficacy
as reflected in plant height of yellow nutsedge (Fig. 2).
Reduction in plant height was not affected by
trifloxysulfuron rates or adjuvants.

Cotton : Cotton fresh weight was reduced 3
WAT when trifloxysulfuron was applied tank mixed with
adjuvants compared to control plants (Fig. 1); however,
there were no significant differences among the six
adjuvants in their phytotoxicity to cotton when mixed
with trifloxysulfuron from 2.5 to 10 g/ha. Lowest
reduction of 19% in the fresh weight of cotton was
recorded when trifloxysulfuron was mixed with Kinetic
and highest reduction of 25% with X-77, when data
were averaged over rates.

Plant height of cotton was reduced from 7 to
18% when adjuvants were mixed with different rates of
trifloxysulfuron at 3 WAT (Fig. 2). Reduction in plant
height of cotton was less at 2.5 g/ha of trifloxysulfuron
plus adjuvants compared to higher rates except X-77.
Kinetic mixed with trifloxysulfuron reduced plant height
less than other adjuvants; there were no significant
differences among adjuvants when the data were
averaged over herbicide rates.

Trifloxysulfuron provided good control of
several broadleaf weed species and yellow nutsedge
(Barber et al., 2002; Porterfield et al., 2002 a, b), but no
control was recorded for grass weed species under
greenhouse or field conditions (Burke et al., 2002).
Rawls et al. (2000) and Brecke et al. (2001); however,
reported fair to excellent control of Alexandergrass,
signalgrass species, panicum species, browntop millet
and large crabgrass depending upon application rates
and timing. Under field conditions, trifloxysulfuron upto
63 g/ha could not provide effective control of Texas
panicum and growth was only suppressed (Singh and
Singh, 2004a). In the present study, no control of
guineagrass was observed upto 10 g/ha of
trifloxysulfuron when mixed with different adjuvants.
Improved control of grassy weeds by Rawls et al. (2000)
and Brecke et al. (2001) could be due to herbicide
application at an early growth stage of weed species.
Lower activity of trifloxysulfuron has been documented
on tall than smaller weed plants (Culpepper and York,
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Fig. 1. Effect of adjuvants plus trifloxysulfuron on fresh weight of sicklepod, guineagrass, yellow nutsedge and
cotton, three weeks after treatment (Ind=Induce, Kin=Kinetic, Adx=Agridex and MNO=Meth-N-Oil,
CGA=Trifloxysulfuron, CASOB=Sicklepod, PANMA=Guineagrass, CYPES=Yellow nutsedge and
GOSHI=Cotton)
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Fig. 2. Effect of adjuvants plus trifloxysulfuron on fresh weight of sicklepod, guineagrass, yellow nutsedge and
cotton, three weeks after treatment (Ind=Induce, Kin=Kinetic, Adx=Agridex and MNO=Meth-N-Oil,
CGA=Trifloxysulfuron, CASOB=Sicklepod, PANMA=Guineagrass, CYPES=Yellow nutsedge and
GOSHI=Cotton).
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2001; Singh and Singh, 2004b).

Cotton injury was observed within a few days
of trifloxysulfuron application at 2.5 to 10 g/hawith six
adjuvants, but differenceswere not significant at 3 WAT,
although plant height reduction was significant with
herbicide application. Cotton injury and reduction in
plant height were similar with any adjuvants mixed with
trifloxysulfuron. Richardson et al. (2004) found that
COC was moreinjuriousto cotton in the field than other
adjuvants; however, reduction in plant height or injury
was non-significant at 8 WAT and caused no reduction
in cotton yield or fiber quality.

Effect on Surface Tension and Contact Angle

Highest reduction in surface tension and contact
angle of 69 and 78%, respectively, was recorded with
L-77 compared to water or trifloxysulfuron alone, when
data were averaged over concentrations (Figs. 3a & b).
Therewere statistically significant differencesin ST and
CA reduction of trifloxysulfuron among the six
adjuvants; reduction was higher with OS followed by
NIS and COC adjuvants.

Statistically increasing the concentrations of
adjuvantsfrom 0.5 to 1X produced similar values of ST
and CA, but the effect was dlightly more at 2 or 4X
concentrationswhen datawere averaged over adjuvants.
The ST of trifloxysulfuron plus Kinetic or L-77 was
similar from 0.5 to 4X; reduction in ST by 3, 4, 4 and
8%, respectively, was observed at 4X concentrations
of Meth-N-Qil, Agri-Dex, Induce, or X-77 compared to
0.5X. The reduction in ST was statistically similar at
0.5 or 1X concentrations with all the adjuvants except
Agri-Dex, when trifloxysulfuron was applied at 10 g/
ha.

The CA of Kinetic, L-77 or Meth-N-Oil was
reduced from 0.5 to 1X concentrations with
trifloxysulfuron, but no major reduction was measured
with Induce, X-77 or Agri-Dex (Fig. 3a). Increasing
the concentration of adjuvants from 1X to 2X produced
similar values for all the adjuvants mixed with
trifloxysulfuron, further increase to 4X lowered the CA
of Kinetic, Agri-Dex and Meth-N-Qil only. Although,
further increase in concentrations of adjuvants to 4X
statistically lowered these values, the reduction was not
sufficient to warrant use of higher concentrations. The
reduction in ST and CA had almost similar trend to each
other for different adjuvants mixed with trifloxysulfuron
at different rates (Fig. 3a & b).

As a sdlt, trifloxysulfuron does not have any
impact on ST and CA, and thus a surfactant is vital for
lowering these parameters enabling increased penetration
and enhanced herbicide efficacy. Lowering ST and CA
improves herbicide efficacy and OS have been found to
lower ST and CA greater than adjuvant of other chemical
classes (Singh and Mack, 1993; Sharma and Singh,
2000). The ST and CA values of trifloxysulfuron were
greatly reduced by all adjuvants at recommended rates.
Conversely, reductionin ST and CA may not necessarily
increase weed mortality (Roggenbuck et al., 1990) as
there are several interrelated factors governing the
herbicide efficacy. All the adjuvantsin the present study
reduced the ST and CA of trifloxysulfuron and the effect
was evident on reduced fresh weight of weeds (Fig. 1),
but large differences between OS and COC in ST and
CA did not result in differential weed mortality. There
were some variations in the activity of trifloxysulfuron
on different weed species, when mixed with adjuvants
of different chemistries, but in genera there were no
significant differences to show the affinity of any
particular adjuvant to trifloxysulfuron or any large effect
to lower ST or CA.

Chlorophyll Fluorescence Studies

Guineagrass : Reduction in chlorophyll
fluorescence was observed after 24 h in all treatments
except trifloxysulfuron plusL-77 or Induce at the higher
rates (Fig. 4). Reduction in chlorophyll fluorescence 4
DAT was greater at 10 g/ha of trifloxysulfuron with all
the adjuvants than with lower rates, but there was no
further decrease at 7 or 14 DAT. Chlorophyll
fluorescence was lower in plants treated with
trifloxysulfuron plusL-77 or Meth-N-Qil compared with
other adjuvants, but no particular trend was apparent
with herbicide rates.

Sicklepod : Reduction in chlorophyll
fluorescence in plants treated with trifloxysulfuron plus
adjuvantswaslessin sicklepod compared to guineagrass,
but followed no particul ar trend with respect to herbicide
rates or adjuvants at any observation date (Fig. 5).
Chlorophyll fluorescence of control plants was lower
than herbicide treated plants at 7 and 14 DAT.

Yellow nutsedge : Trifloxysulfuron plus X-77
reduced the chlorophy!l fluorescence of yellow nutsedge
within 24 hin all the herbicidal treatments except where
L-77 or Meth-N-Oil was mixed with lower rates of
trifloxysulfuron (Fig. 6). Significant reduction in
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Fig. 3a. Effect of adujuvants mixed with trifloxysulfuron on contact angle (GCA=Trifloxysulfuron, Ind=Induce, Kin=Kinetic,
Adx=Agridex and MNO=Meth-N-Oil).
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Fig. 3b. Effect of adujuvants mixed with trifloxysulfuron on surface tension (CGA=Trifloxysulfuron, Ind=Induce, Kin=Kinetic,
Adx=Agridex and MNO=Meth-N-Oil).
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chlorophyll fluorescence at 4 DAT was recorded with
10 g/ha of trifloxysulfuron mixed with all adjuvants,
except Kinetic. Reduction in chlorophyll fluorescence
was recorded with all rates of trifloxysulfuron plus L-
77 at 4 DAT and at 5 or 10 g/ha trifloxysulfuron at 7
DAT, but none was observed with Kinetic. However, at
14 DAT, lower chlorophyll fluorescence was recorded
with both Kinetic or L-77 mixed with trifloxysulfuron.

Cotton : Compared to control plants, there was
no significant reduction in chlorophyll fluorescence of
cotton plantstreated with trifloxysulfuron plus adjuvants
at 1 DAT, except at 5 g/ha with X-77 or Agri-Dex and
10 g/hawith Induce (Fig. 7). Reduction in chlorophyl|
fluorescence was not visible at 7 or 14 DAT when
trifloxysulfuron was mixed with Induce, Agri-Dex or
X-77, whereas significantly lower values were recorded
when Kinetic or L-77 was mixed with the herbicide.
Increased trifloxysulfuron rates did not affect chlorophyll
fluorescence at 1 or 2 WAT.

Significant reduction in chlorophyll fluorescence
of littleseed canarygrass (Phalaris minor) was recorded
with PSI1 inhibitor herbicide, isoproturon (Singh et al.,
1997). Reduction in chlorophyll fluorescence was
recorded within 4 h of treatment of isoproturon, whereas
inthe present study similar reduction with trifloxysulfuron
was not recorded with any test plants from 1 to 14
DAT. Chlorophyll fluorescence has been used to measure
photosynthetic activity of PS Il inhibiting herbicides,
but also to detect resistance to these herbicides in weed
species (van Oorschot and van Leeuwen, 1992; Moss,
1995; Singh et al., 1997). Reithmuller et al. (2003)
reported that chlorophyll fluorescence (PS|1 efficiency)
of black nightshade (Solanum nigrum) and redshank
(Polygonum persicaria) wasreduced significantly within
afew days of application of metsulfuron-methyl. Both
metsulfuron and trifloxysulfuron selectively inhibit
acetol actate synthase, the common enzyme involved in
the biosynthesis of essential amino acids in plants.
Photosynthesisisnot the primary target of AL Sinhibiting
herbicides, but it has been shown to affect the
photosynthetic efficacy of treated plants at later stages
of application. Reduction in chlorophyll fluorescence
has been reported with other herbicides which do not
have photosynthesis as the primary target of herbicide
action (Judy et al., 1990; Percival and Baker, 1991,
Madesn et al., 1995).

Assessment of PS Il efficacy for metsulfuron
treated plants by Reithmuller et al. (2003) was made by
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different method, where carbon dioxide fixation and PS
I and PS Il were significantly affected by the ALS
inhibiting herbicide. Significant reductionin chlorophyll
fluorescence was not detected at an early stage after
treating the plants with trifloxysulfuron and adjuvants
when using chlorophyll fluorescence meter in the present
study. Visual mortality of 14, 20, 16, 7 and 17, 53, 36
and 5% at 7 and 14 DAT, respectively, for guineagrass,
sicklepod, yellow nutsedge and cotton was observed
with trifloxysulfuron plus adjuvants (data averaged over
adjuvantsand herbicide rates), but asimilar reductionin
chlorophyll fluorescence was not detected in these
species. Weed mortality increased with increasing
herbiciderates, but such atrend was not always observed
with chlorophyll fluorescence measurements. Similar
results were observed when ALS and ACCase inhibitor
herbicides were used in measuring chlorophyll
fluorescence with Phalarisminor (S. Singh, unpublished
data). These results indicate that the chlorophyll
fluorescence meter may not provide rapid and early
measurement of PS Il efficiency in plants treated with
herbicides whose primary site of action is not
photosynthesisinhibition.

ACKNOWLEDGEMENTS

We wish to thank Gary K. Test, Senior
Laboratory Technician for assistance in conducting
experiments and Dr. R. K. Jain, Syngenta Crop
Protection, Vero Beach, Florida for providing seeds of
cotton and formulating thetrial ontrifloxysulfuron. This
research was funded by The Florida Agricultural
Experiment Station, and approved for publication as a
Journal Series No. R-000000.

REFERENCES

Askew, S. D. and J. W. Wilcut, 2002. Absorption, translocation,
and metabolism of foliar-applied CGA-362622 in
cotton, peanut and sel ected weeds. WWeed Sci. 50 : 293—
298.

Barber, L. T., D. B. J. Reynolds, C. Sanders, D. G Wilson, N. W.
Buehring, and K. M. Bloodworth, 2002. Weed control
with CGA-362622 in roundup ready and BXN cotton
systems. Proc. South Weed Sci. Soc. 55 : 140.

Bariuan, J. V., K. N. Reddy and G. D. Wills, 1999. Glyphosate
injury, rainfastness, absorption, and translocation in
purple nutsedge (Cyperusrotundus). Weed Technol. 13
1 112-119.

Boger, P, K. Wakabayashi and K. Hirai, 2002. Herbicide classes



www.IndianJournals.com
Members Copy, Not for Commercial Sale

Downloaded From IP - 117.240.114.66 on dated 12-Jun-2015

in development. Mode of action, target, genetic
engineering and chemistry. Springer-Verlag GmbH &
Co KG Berlin. pp. 364.

Brecke, B. J., D. C. Bridges, and T. L. Grey, 2001. Post-emergence
weed control in cotton with CGA-362622. Proc. South
Weed Sci. Soc. 54 : 1.

Burke, I. C., J. W. Wilcut and D. Porterfield, 2002. CGA-362622
antagonizes annual grass control with clethodim. Weed
Technol. 16 : 749-754.

Culpepper, A. S. and A. C. York, 2001. Comparison of CGA-
362622, pyrithiobac and glyphosate in glyphosate-
resistant cotton (Gossypium hirsutum). Proc. South
Weed ci. Soc. 54: 2.

deRuiter, H. and H. Jalink, 2004. Fluorescence imaging for
optimizing formulations, adjuvants, and application
systems. 24th Symposium on Pesticide Formulations
and Applications Systems, Tampa, Florida, USA, 21-
23 October. Abst. p. 10.

Ducruet, J. M., H. Sixto and J. M. Garcia-Baudin, 1993. Using
chlorophyll fluorescence induction for a quantitative
detoxification assay with metribuzin and chlorotoluron
in excised whest (Triticumaestivumand Triticum durum)
leaves. Pestic. Sci. 38 : 295-301.

Ernst R. and J. Arditti, 1980. Biological effects of surfactants.
IV. Effects of non-ionicsand amphotericson Hel acells.
Toxicol. 15 : 233-242.

Fisher, L. R., S. B. Clewis, C. D. Porterfield, W. D. Smith and J.
W. Wilcut, 2002. Tobacco response to CGA-362622.
Proc. South Weed Sci. Soc. 55 : 43-44.

Gaskin, R. E. and P. J. G Stevens, 1993. Antagonism of thefoliar
uptake of glyphosate into grasses by organosilicone
surfactants. 1. Effects of plant species, formulation,
concentration and timing of application. Pestic. Sci. 38
: 185-192.

Hess, F. D. and C. L. Foy, 2000. Interaction of surfactants with
plant cuticles. Weed Technol., 14 : 807-813.

Imai T., S. Tsuchiya, K. Moritaand T. Fujimori, 1994. Surface
tension-dependent surfactant toxicity on the green peach
aphid, Myzus persicae (Sulzer) (Hemiptera: Aphididae).
Appl. Entomol and Zool. 29 : 389-393.

Jordan, D. L. 1996. Adjuvants and growth stage affect purple
nutsedge (Cyperusrotundus) control with chlorimuron
and imazethapyr. Weed Technol 10 : 359-362.

Jordan, D. L. and A. B. Burns, 1997. Influence of adjuvants on
hemp Sesbania (Sesbania exaltata) control by
chlorimuron. Weed Technol. 11 : 19-23.

Judy, B. M., W. R. Lower, M. W. Thomas, G. F. Krause and A.
Astaw, 1990. The chlorophyll fluorescence assay as a
rapid indicator of herbicidetoxicity. Proc. South \Weed
Sci. Soc. 43 : 358-361.

Kirkwood, R. C. 1999. Recent developmentsin our understanding
of the plant cuticle as a barrier to the foliar uptake of
pesticides. Pestic. Sci. 55: 69-77.

Lovelace, M. L., R. E. Tabert, N. W. Buehring and E. F. Scherder,
2001. Weed control spectrum of new post-emergence
rice herbicides. Proc. South Weed Sci. Soc. 54 : 45.

Madsen, K. H., J. J. Heitholt, S. O. Duke, R. J. Smedaand J. C.

11

Streibig, 1995. Photosynthetic parameters in
glyphosate treated sugarbeet (Beta vulgarisL.). Weed
Res. 35: 81-88.

Malik, R. K. and S. Singh, 1993. Evolving strategiesfor herbicide
use in wheat : resistance and integrated weed
management. Proc. Int. Symp. Integrated Weed Mgmt.
for Sust. Agri., Ind. Soc. Weed Sci., November 18-20,
Hisar, India 1 : 225-238.

Moss. S. R. 1995. Techniquesfor determining herbicide resistance.
Proc. Brighton Crop Protn. Confr. “\Weeds 2 : 547-556

Penner, D. 2000. Activator adjuvants. Weed Technol 14 : 785-
791.

Percival, M. P. and N. R. Baker, 1991. Herbicides and
photosynthesis. In: Herbicides, N. R. Baker and M. P.
Percival (eds.). Elsevier Science Publishers, Amsterdam.
pp. 1-26.

Porterfield, D. and J. W. Wilcut, 2003 Peanut (Arachishypogaea
L.) response to residual and in-season treatments of
CGA-362622. Weed Technol. 17 : 441-445.

Porterfield, D., J. W. Wilcut, S. B. Clewis and K. L. Edmisten,
2002a. Weed free yield response of seven cotton
(Gossypium hirsutum) cultivars to CGA-362622 post-
emergence. Weed Technol. 16 : 180-183.

Porterfield, D., J. W. Wilcut and S. D. Askew, 2002b. Weed
management with CGA-362622, fluometuron and
prometryne in cotton. Weed Sci. 50 : 642-647.

Rawls, E. K., J. W. Wells, M. Hutdetz, R. Jain and M. F. Ulloa,
2000. CGA-362622 : anew herbicide for weed control
in sugarcane. Proc. South Weed Sci. Soc. 53 : 163.

Reddy, K. N. and M. Singh, 1992. Organosilicone adjuvant effects
on glyphosate efficacy and rainfastness. \Weed Technol.
6 : 361-365.

Reithmuller, I. H., L. Bastiaans, M. J. Kroff, J. Harbinson, R. van
den Boogaard and C. Kempenaar, 2003. Early
assessment of herbicide efficacy after application with
ALSinhibitors—afirst exploration. The Brighton Crop
Protn Council, Int. Congr. — Crop Sci. and Technal.,
November 10-12, Glasgow, Scotland, UK 1: 317-322.

Richardson, R. J., H. P. Wilson, G. R. Armel and T. E. Hines,
2004. Influence of adjuvants on cotton (Gossypium
hirsutum) responses to post-emergence application of
CGA 362622. Weed Technol. 18 : 9-15.

Roggenbuck, F. F., L. Rowel, D. Penner, L. Petroff and R. Burrow,
1990. Increasing post-emergence efficacy and
rainfastnesswith silicone adjuvants. Weed Technol. 4 :
567-580.

Sharma, S. D. and M. Singh, 2000. Optimizing foliar activity of
glyphosate on Bidens frondsa and Pani cum maximum.
Weed Res. 40 : 523-533.

Singh, M. and R. E. Mack, 1993. Effect of organosilicone-based
adjuvants on herbicide efficacy. Pestic Sci. 38 : 219-
225,

Singh, M. and S. Singh, 2004a. Tolerance of accentuated rates of
trifloxysulfuron by young citrus and weed control
efficacy. Proc. South Weed Sci. Soc. 57 : 248.

Singh, S. and M. Singh, 2004b. Effect of growth on CGA-362622
and glyphosate efficacy in 12 weed species of citrus



www.IndianJournals.com
Members Copy, Not for Commercial Sale

Downloaded From IP - 117.240.114.66 on dated 12-Jun-2015

groves. Weed Technol. 18 : 1031-1036.

Singh, S., R. C. Kirkwood and G. Marshall, 1997. Effect of
isoproturon on photosynthesis in susceptible and
resistant biotypes of Phalaris minor and wheat. Weed
Res. 37 : 315-324.

Sun, J., C. L. Foy and H. L. Witt, 1996. Effect of organosilicone
surfactants on the rainfastness of primisulfuron in
velvetleaf (Abutilon theophrasti). Weed Technol. 10 :
263-267.

Strahan, R. E., J. L. Griffin, D. L. Jordan and D. K. Miller, 2000.
Influence of adjuvants on itchgrass (Rottboellia
cochinchinensis) control in corn (Zea mays) with
nicosulfuron and primisulfuron. Weed Technol. 14 : 66-

12

71.
Van Oorschot, J. L. P and P. H. van Leeuwen, 1992. Use of
fluorescence induction to diagnose resistance of
Aleopcurus myosuroides Huds (black-grass) to
chlorotoluron. Weed Res. 32 : 473-482.
W., J. C. Holloway Jr., E. K. Rawls, P. Forster, C.
Dunne, D. Porterfield and J. Allard, 2001. CGA-362622
usein cotton and sugarcane. Proc. South Weed Sci. Soc.
54 :141.
Woznica, Z., P. Milkowski and W. Waniorek, 1997. Adjuvants
and herbicide efficacy. Progress in Plant Protn. 37 :
190-192.

Wells, J.





