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Henry P. Wilson, Chairman
Plant Pathology, Physiology and Weed Science
(Abstract)

Thifensulfuron is a new herbicide of the sulfonylurea class under development
by E. I. Dupont de Nemours Company Inc. for postemergence broadleaf weed
control in soybeans [Glycine max (L.) Merr]. Field studies evaluated the influence
of adjuvants and chlorimuron upon the efficacy of thifensulfuron. Thifensulfuron
applied alone provided smooth pigweed (Amaranthus hybridus L.. # AMACH) control
at application rates 12% of those of the similar herbicide chlorimuron. Nonionic
surfactant or crop oil concentrate increased soybean sensitivity to thifensulfuron, but
an adjuvant was required to obtain consistent seedling common lambsquarters
(Chenopodium album L. #CHEAL) control. Chlorimuron and thifensulfuron
combinations did not control ivyleaf morningglory [Ipomoea hederacea (L.) Jacq.
#1POHE].

Greenhouse studies evaluated soybean cultivar sensitivity to thifensulfuron.
Seven popular Virginia soybean varieties and one national variety (Williams 82) were

screened for tolerance to thifensulfuron. Differences in varietal sensitivity was

verified. Soybean varieties Vance, Essex, Hutcheson, and York proved to be more



sensitive to 9.1 g ha! thifensulfuron than FFR 561, Williams 82, or Deltapine 105.
No relationship between sensitivity to thifensulfuron and Essex parentage could be
drawn.

The selectivity of the sulfonylurea class of herbicides is reportedly based on
differential metabolism of the herbicide between sensitive and tolerant weed and
crop species. Laboratory studies were conducted utilizing thifensulfuron-sensitive and
tolerant weed species, velvetleaf (Abutilon theophrasti Medic. #ABUTH) and
spurred anoda [Anoda cristata (L.) Sch]echt #ANVCR], respectively, as well as the
relatively tolerant Williams 82 and sensitive Vance soybean. Absorption and
distribution studies indicated that all species absorbed and translocated similar
amounts of C 1, 3, and 5 days after appllication of the methyl ester of ['*C-
thiophene]thifensulfuron. Metabolism studies indicated that both tolerant spurred
anoda and sensitive velvetleaf metabolized thifensulfuron at similar rates 3 days after
treatment. Metabolism appears to be the major mechanism for the selectivity of
thifensulfuron to soybeans. The mechanism for spurred anoda tolerance to
thifensulfuron has yet to be determined.

This research indicates that broadcast foliar applications of 4.5 g ha’
thifensulfuron with 0.125% v/v nonionic surfactant or 1% v/v crop oil concentrate
can provide selective postemergence smooth pigweed and common lambsquarters
control for soybean production in Virginia. Caution should, however, be taken in
prescribing greater than 4.5 g ha” thifensulfuron due to the variability in cultivar

sensitivity to thifensulfuron.
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CHAPTER 1

LITERATURE REVIEW

Soybean [Glycine max (L.) Merr.], the third highest valued crop in Virginia,
contributed 116 million dollars in revenue to the state from 220 thousand hectares
of soybeans in 1987 (65). However, in 1987, soybean yield was reduced by
approximately 6.6 million dollars by weed competition, even though herbicides were
used (10). Weed competition is the major problem facing soybean production in
Virginia. Weeds not only reduce soybean yield, they can also decrease quality (0.32
million dollars), increase the cost of land preparation and cultivation (0.3 million
dollars), and increase the cost of harvest (0.3 million dollars) (estimates for VA
soybean production) (10). Annually, farmers spend in excess of 9.9 million dollars
for soybean herbicides (10). In 1987, weed interference cost Virginia farmers an
estimated 17.4 million dollars in reduced yield and increased production costs (10).

Three methods of increasing weed control while limiting herbicidal inputs for
soybean production include the prescription use of preemergence and/or
postemergence herbicides based on field history and identification of emerged weeds,
directed or banded herbicide applications in or between the crop row, and single or
sequential herbicide applications at reduced rates. The development of selective
postemergence herbicides have the potential for reducing the quantity of herbicide(s)

required for weed control (68). Application of postemergence herbicides can be

-1-



2-
prescribed when weed densities reach economic thresholds, combined with row
cultivation as a directed spray, and applied at reduced rates in sequential treatments
as needed. Dr. Harold Coble at North Carolina State University has been
developing a computer program that will assist farmers in making postemergence
herbicide selections based on weed species and weed/crop competition thresholds
(12).

The success of a postemergence herbicide is dependent upon its penetration
of the plant cuticle and subsequent movement to an active site (63). Addition of
traditional adjuvants such as nonionic surfactants or crop oil concentrates to
herbicide spray solutions increases foliar absorption and phytotoxicity of numerous
herbicides (20, 21, 38). Phytotoxicity of herbicides to different plant species can vary
under changing environmental conditions (46, 47). Adjuvants have been successful
in reducing the influence of environmental factors on foliar penetration and
phytotoxicity of herbicides (38). Kent and Wills (38) were able to overcome
influences of changing relative humidity and temperature on "*C-chlorimuron (2-[[[[4-
chloro-6-methoxy-2-pyrimidinyl)amino]carbonylJamino]sulfonyl]benzoic  acid)
absorption in sicklepod (Cassia obtusifolia L.#CASOB) and pitted morningglory
(Ipomoea lacunosa L. # IPOLA) by adding surfactants to the spray solution.
Addition of an organosilicone surfactant to formulated glyphosate [(N-
(phosphonomethyl)glycine)] allowed rapid infiltration of the herbicide through

perennial ryegrass (Lolium perenne L.) stomata and reduced the critical rainfall



period (20).

Effective postemergence weed control requires timely application of herbicides
to susceptible weed species (19, 50, 52, 54, 57). Researchers have observed more
effective weed control with postemergence herbicides when applied to weeds at early
growth stages (3, 5, 19, 31, 32). Weed control at later stages of growth often requires
higher rates and sequential applications (42, 50). Optimal timing of postemergence
herbicide application is not always possible. Adverse weather conditions, cost of
available herbicides, and inability of existing herbicides to control emerged weed
species are major limitations to postemergence herbicide use. A postemergence
weed control program can also be limited by herbicide tank-mixture compatibility
(11, 13, 15, 27, 30, 48). Tank-mixtures of sethoxydim {2-[1-(ethoxyimino)butyl]-5-[2-
(ethylthio)propyl]-3-hydroxy-2-cyclohexen-1-one} and bentazon {3-(1-methylethyl)-
(1H)-2,1,3-benzothiadiazin-4(3H)-one 2,2-dioxide} have reduced sethoxydim grass
weed contol and bentazon broadleaf weed control (27, 30). Tank-mixture antagonism
can often be overcome by increasing rates of one or both herbicides in the mixture,
or by adding a compatibility agent to the mixture (27, 30). Individual postemergence
herbicides are also limited in their ability to completely control broadleaf weeds.
Recovery of entireleaf [Ipomoea hederacea var. integriuscula Gray # IPOHG], ivyleaf
[I[pomoea hederacea (L) Jacq. # IPOHE], and tall morningglory [Ipomoea purpurea
(L) Roth # PHBPU] following application of acifluorfen {5-[2-chloro-4-

(trifluoromethyl)phenoxy]-2-nitrobenzoic acid}, lactofen {(+)-2-ethoxy-1-methyl-2-



4-
oxoethyl-5-[2-chloro-4-(trifluoromethyl)phenoxy]-2-dintirobenzoate } ,orfomesafen{S-
[2-chloro-4-(trifluoromethyl)phenoxy]-N-(methylsulfonyl)-2-nitrobenzamide}  was
reported (5, 36). Morningglory recovery to herbicide application increased soybean
lodging, reduced soybean seed yield, and decreased mechanical harvesting efficiency
(5, 36).

The most troublesome weeds to Virginia soybean production in order of
occurrence are: morningglory species (Ipomoea spp. L.), common cocklebur
(Xanthium strumarium L. #XANST), common lambsquarters (Chenopodium album
L. #CHEAL), johnsongrass [Sorghum halepense (L.) Pers.#SORHA], jimsonweed
(Datura stramonium L.#DATST), pigweed species (Amaranthus spp. L.), yellow
nutsedge (Cyperus esculentus L.#CYPES), horsenettle (Solanum carolinense
L.#SOLCA), common ragweed (Ambrosia artemisiifolia L.# AMBRA), and fall
panicum (Panicum dichotomiflorum Michx.#PANDI) (17). Common lambsquarters,
smooth pigweed, and ivyleaf morninéglory persist in agricultural production fields
(17, 29, 37). Persistence of these troublesome weed species can be accounted for
by the presence of large seed reserves (17, 29, 37) seed dormancy (37, 43), genetic
diversity, resistance of some genotypes to available herbicides (4), and poor or
inconsistent control with currently available postemergence herbicides.

Thifensulfuron {3-[[[[(4-methoxy-6-methyl-1,3,5-triazin-2-yl)amino]carbonyl]
amino]sulfonyl]-2-thiophenecarboxylic acid}, a new postemergence herbicide of the

sulfonylurea class, is very promising for controlling wild garlic (Allium vineale 1..)
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and common lambsquarters in cereal crops (6, 7, 14, 15). Thifesulfuron has also
found to provide selective weed control in both corn (Zea mays 1L..) and soybeans (1,
22, 25). Research has indicated that thifensulfuron is also active on velvetleaf
(Abutilon theophrasti Medic. #ABUTH) and smooth pigweed (Amaranthus hybridus
L. #AMACH) at rates of 4.5 to 16 g ha (21). Phytotoxicity of thifensulfuron can
be enhanced by the addition of adjﬁvants. In recent studies, the addition of 28%
urea ammonium nitrate (UAN) to thifensulfuron plus surfactant, enhanced the
control of velvetleaf and reduced fresh weights of kochia [Kochia scoparia (L.)
#KSHSC] compared to thifensulfuron alone or combined with surfactant (21, 25).
Addition of 0.25% nonionic surfactant or 28% UAN at 5% v/v to thifensulfuron
increased absorption into the second true leaf of velvetleaf by eight-fold 84 h after
treatment (21). Studies also indicate that soybean and corn injury increase with

increasing rates of thifensulfuron (14, 21).

Current Postemergence Broadleaf Herbicides For Soybean Production
Considerable progress has been made in the development of herbicides for
postemergence broadleaf weed control in soybeans. Diphenylethers, bentazon, 2,4-
DB, sulfonylureas, and imidazolinone herbicides provide selective postemergence
broadleaf weed control in soybeans (3, 15, 16, 19, 21, 31, 36).  Broad spectrum
postemergence weed control in soybeans currently requires the timely application of

combinations of available herbicides. Bentazon plus acifluorfen, a diphenylether,
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applied to seedling common lambsquarters, common ragweed, and morningglory
species commonly provide 88, 87, and 91% control respectively (61). Tank mixtures,
however, do not always prove compatible. Tank mixtures of the sodium salt of
bentazon with sethoxydim, a postemergence grass herbicide, decreased the activity
of sethoxydim on grass species (11, 13, 15, 27, 30). The combination of the sodium
salt of bentazon with sethoxydim in a high carrier volume and hard water tends to
favor cation exchange and the formation of Na-sethoxydim, which is not absorbed as
readily as sethoxydim (63).

The commonly used diphenylethers are acifluorfen, lactofen and fomesafen
(68). Diphenylethers disrupt cell membranes and cause a symptomatic necrosis or
leaf burn (22). Diphenylethers are primarily utilized for controlling glabrous and
suppressing pubescent morningglory species. These herbicides also have varying
degrees of residual broadleaf activity and limited seedling grass activity. Bentazon,
is active on common cocklebur, common ragweed, and yellow nutsedge (42, 50).
Bentazon and acifluorfen are available as a commercial package-mixture commonly
used for common cocklebur and morningglory species control and suppression of
smooth pigweed and common lambsquarters (36, 42, 47, 50).

The phenoxy 2,4-DB [4-(2,4-dichlorophenoxy)butanoic acid], is a
postemergence broadleaf herbicide registered for use in soybeans (60). Soybean
cultivars vary in their sensitivity to 2,4-DB (68). Addition of low rates (35 to 70 kg

ha!) of 2,4-DB to acifluorfen and bentazon has been a common practice in some
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soybean regions (68). This tank-mixture enhances control of morningglory species
and is often used as a mid- to late-season treatment for larger morningglory(68).

The imidazolinones, imazaquin {2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-
oxo-1H-imidazol-2yl]-3-quinolinecarboxylic acid} and imazethapyr {(+)-2-[4.5-
dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-imidazol-2-yl]-5-ethyl-3-
pyridinecarboxylic acid}, and the sulfonylureas, chlorimuron and thifensulfuron, are
unique in that both classes of herbicides inhibit acetolactate synthase (ALS; EC
4,13,18) (6, 57). ALS is a key enzyme critical to the biosynthesis of branched-chain
amino acids in plants (7). These herbicides have a high unit of activity. Smooth
pigweed and common cocklebur control can be obtain with 9.1 g ha™ chlorimuron
or 56 g ha'! imazaquin (3, 38, 60). Morningglory control, however, has not been
consistent with either herbicide class, and foliar applications tend to be more
effective when 2,4-DB is added to the spray solution (5, 13, 31, 38, 57, 68).

Other herbicides used for broadleaf weed control in soybeans are: linuron {N’-
(3,4-dichlorophenyl)-N-methoxy-N-methylurea}, a urea; metribuzin {4-amino-6-(1,1-
dimethylethyl)-3-(methylthio)-1,2,4-triazin-5(4H)-one}, an asymetrical triazine; and
glyphosate (60). These herbicides become selective by placement. Linuron and
metribuzin can be applied as post-directed sprays with limited selectivity in soybeans.
Glyphosate, a non-selective herbicide, can be applied with a rope-wick and selectivity
is obtained via wiping of weeds which are taller than the crop (54, 60). These

herbicides are generally used as treatments for escaped or hard to control weeds.



Basis for Selectivity of Foliar-Applied Herbicides

Two of the most important factors in the selectivity of foliar-applied herbicides
are differential uptake and metabolism. Differential uptake of a foliar‘-applied
herbicide can be influenced by a number of factors (3, 15, 18, 21, 26, 35, 38, 46, 53).
Wanamarta and Penner (63) categorized these factors into three major groups: 1)
the chemical and physical properties of the herbicide and the spray solution, 2) the
morphological and anatomical properties of the plant foliage, and 3) the
environmental conditions during which the plants are treated.
Differential Uptake

The success of a foliar-applied herbicide is dependent upon the penetration
of the plant cuticle and subsequent movement through the cell wall and
plasmalemma followed by translocation of the intact molecule to an active site (35).
For maximum activity of foliar-applied imidazolinone and sulfonylurea herbicides,
most of the herbicide must be absorbed by the plant and translocated out of the
treated leaf to the growing points (6,'57). The cuticle is a non-living, non-cellular,
lipoidal membrane consisting of layers of waxes, pectin, cutin, and cellulosic materials
(52). The cuticle covers plant leaves and stems and functions to minimize water loss
and acts as a barrier to the penetration of exogenous materials (52). The structure
of the cuticle has been proposed to resemble a sponge in which the frame work is

made of cutin and the holes are filled with wax (23, 52, 63). Pectins and cellulose
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are found concentrated on the cell wall side of the cuticle. This cuticular
construction forms a gradient from low polarity at the outer surface to high polarity
next to the cell walls (49, 64).

Pathways of herbicide penetration through the plant cuticle are hypothesized
to be different for polar and nonpolar compounds (63). Cuticle penetration by polar
compounds has been the subject of much speculation (52). The aqueous (polar)
pathway of cuticle penetration is based on the hydration of the cuticle. Under
conditions of high humidity or adequate moisture supply, a plant’s cuticle will be
hydrated, providing separation of the lipophilic waxes. Spreading of the lipophilic
waxes facilitates the absorption of polar compounds (63).

Cuticle penetration of nonpolar compounds has been proposed to occur via
sorption into the outer wax layer, passage through the cutin matrix, and desorption
into the apoplast (52). Desorption appears to be the rate limiting step for uptake
of several nonpolar herbicides (28, 53).

The cuticle possesses a net negative charge on the surface and exhibits cation
exchange properties that may influence the diffusion of herbicides (63). Cation
permeability in isolated cuticles was found to be greater than anion permeability as
a consequence of the net cuticle chafge (67). The charge properties of the cuticle
were found to be due to the dissociation of acid residues within the cuticle.

Environmental conditions encountered during plant growth can alter the

structure of the cuticle. High temperatures, water stress, and high winds cause the
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plant to produce a thicker cuticle (49, 52). These conditions make it more difficult
for hydrophilic herbicides, like the imidazolinones and sulfonylureas, to penetrate the
cuticle.

Penetration of herbicides can also be influenced by the hydration state of the
cuticle (52). The cuticle expands and contracts, like a sponge, with changes in
relative humidity (52). A fully hydrated cuticle will absorb a herbicide more easily
than a cuticle that is not hydrated, such as in water-stressed plants under low relative
humidity (49, 57). Growth chamber studies on the absorption of imazamethabenz,
(1) - 2- [4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo- 1H-imidazol-2-yl]-4(and 5)-
methylbenzoic acid (3:2), into wild oat (4vena fatua L.) leaves indicated that leaves
absorbed three times more imazamethabenz under high (98%) humidity than under
lower (50%) humidity (57). Under high humidity conditions, two factors can regulate
the foliar absorption of herbicides. First, cuticle hydration is much higher under high
humidity than low humidity; and second, the rate of herbicide drying on the leaf
surface is slower (52). As a result, the herbicide will have a longer time to
penetrate the cuticle. In general, penetration stops once the herbicide dries on the
cuticle surface (52).

The herbicide formulation can also play a role in the foliar absorption. All
of the imidazolinones and sulfonylureas require a surfactant for maximum absorption.
Surfactants aid the leaf absorption of sulfonylurea and imidazolinone herbicides by

1) lowering the surface tension of the spray droplets on the leaf, which improves leaf
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coverage and removes the air film between the spray droplet and the leaf, 2)
reducing the interfacial tension between the relatively polar and non-polar regions
of the leaf cuticle; 3) aiding stomatal penetration; 4) increasing the permeability of
the cuticle; 5) interacting with the herbicide to allow more ready penetration of the
cuticle; and 6) acting as a humectant by increasing the drying time of the spray
solution on the leaf (46)

Another adjuvant which has recently been found to increase the foliar activity
of the imidazolinones and sulfonylureas is liquid fertilizer, such as 28% urea
ammonium nitrate and 10-34-0, which increases the foliar uptake of both herbicide
classes (21, 57). While the mechanism of action of these liquid fertilizers is still
unclear, they have been shown to promote uptake of a broad range of herbicides,
including glyphosate, bentazon, and acifluorfen (57). The effectiveness of the liquid
fertilizers varies with weed species and requires the presence of a surfactant or crop

oil concentrate (57, 61, 67).

Translocation

In order for a foliar-applied suifonylurea herbicide to kill a plant, it must be
transported out of the leaf to the growing points (6). Any factor which prevents or
reduces the translocation of sulfonylurea herbicides, such as metabolism or
compartmentalization, will reduce the herbicidal activity of these chemicals.

The ability of sulfonylurea herbicides to move out of a treated leaf to the
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meristematic regions lends to their flexibility and usefulness. Translocation of any
chemical out of a leaf and to the growing points requires that the chemical be loaded
into the phloem system and moved along with sugars to the growing points (61, 62).
Although almost all chemicals can penetrate the phloem of plants, very few
translocate out of the leaf (61, 62). Successful xenobiotic phloem transport is limited
due to the proximity of the phloem to the xylem which moves its contents in the
opposite direction of the phloem (61, 62). Leakage of compounds out of the phloem
are swept back by the xylem or transpiration stream of the leaf (35).

In order for a herbicide to translocate within the phloem it must cross the
phloem wall as an undissociated molecule and become "trapped” in the phloem as
dissociated molecule. This property allows herbicides to accumulate in the cell and

remain in the phloem for efficient translocation to the plants growing points (6, 40)

Metabolism

Differential metabolism of herbicides plays an important role in the
deactivation and activation of herbicides in plants (6, 9, 10, 16). The conversion of
2,4-DB to 2,4-D [(2,4-dichlorophenoxy) acetic acid] by broadleaf weeds activates the
herbicide, while the reduced conversiion in soybeans provides selectivity. Uptake

and translocation studies indicate that the same amount of “C-chlorimuron is










































































































































































































































































































































