Chapter I

Introduction and Literature Review

The di scipline of weed science is based on integrating know edge of the
bi ol ogi cal characteristics of troublesome weed species into the devel opnent of
their nost effective control strategies. Chenical weed control is a key
conponent of integrated weed managenent systens in nmpst crops. Through
research, herbicides used in sonme crops may also fit well into weed managenent
prograns in other crops. New herbicides nust also be evaluated in order to
deternmine their fit into the marketplace while naxin zing their effectiveness
and m nimzing application rates and costs.

This research addressed herbici de-based weed nanagenent prograns in potato
and wi nter wheat, as well as the biological characteristics of snmooth pigweed
(Amaranthus hybridus L.). Specific areas of research were: 1) field and
| aboratory investigations of sulfentrazone for weed nmanagenent in potato; 2)
field, greenhouse and | aboratory investigations of the experinmental herbicide AE
F130060 03 for Italian ryegrass (Lolium multiflorum Lam ) managenment in w nter
wheat; and 3) field, greenhouse, and growth chanber investigations of growh and

reproductive ability of im dazolinone-susceptible and —-resistant snooth pi gweed.

1. Field and laboratory investigations of sulfentrazone in potato.

Al t hough herbi ci des have beconme a mj or conponent of potato weed nmanagenent
prograns, few herbicides are registered for use in potato. Linuron and
met ol achl or are often used PRE in various conbinations for control of certain
grasses and snel | - seeded broadl eaf weeds. Metribuzin my be used PRE or POST
for control of annual broadleaf weeds but is |limted by potato varietal
sensitivity, particularly with POST applications (Kee and Whoten 1994). In

addition, heavy reliance on netribuzin in potato has resulted in shifts to weed



species that are nore tolerant to netribuzin, as well as enmergence of triazine-
resi stant biotypes of species such as common | anbsquarters and redroot pigweed
(Amaranthus retroflexus L.) (Eberlein et al. 1994). Rinsulfuron is also

regi stered for POST applications in potato, but nmay be ineffective on species
such as commn ragweed and comrmon | ambsquarters when used under dry conditions
(Ackley et al. 1996). Although these herbicides are generally effective on
several annual grasses and broadl eaf weeds, none control all weed species that
comonl y occur in potato production. |In addition, cultivation-intensive
managenent practices commonly used in potato as well as the need for additiona
weed scouting when using POST herbicides have resulted in grower preference
towards PRE herbicides in Virginia potato production (H P. WIson, persona
comuni cati on).

Sul fentrazone is a nmenber of the phenyl triazolinone herbicide group
(Theodoridis et al. 1992). Herbicides in this group function through inhibition
of protoporphyrinogen oxi dase (protox) in plants, a key internmediate in both
heme and chl orophyl | biosynthesis (Jacobs and Jacobs 1987). Unlike other
menbers of this herbicide group such as the di phenyl ethers, sulfentrazone
of fers excell ent preenergence activity (Dayan et al. 1996). Sulfentrazone is
currently registered for weed control in soybean as a prepackaged m xture with
chlorimuron and in tobacco as a single entity product (Anonynous 2001). In
previ ous research, sulfentrazone applied preplant incorporated or preenergence
controll ed several nonocotyl edonous and di cotyl edonous weed species (Vidrine et
al. 1996) that often occur in potato production. Currently, there are no known
weed species resistant to protox-inhibiting herbicides (Duke et al. 1996);
therefore, these herbicides could have an inportant role in future weed
nmanagement prograns.

Al t hough rmuch research supports soybean and tobacco tol erance to
sul fentrazone and its performance in these crops (Fisher et al. 2001; Vidrine et

al. 1996), little is known about the tol erance of vegetable crops such as potato



to sul fentrazone. Therefore, the objectives of field research were (1) to
investigate potato tolerance to sulfentrazone and (2) to evaluate sul fentrazone
weed control efficacy in potato weed nanagenent prograns.

Addi tional research was conducted in the | aboratory to determine the
mechani sm (s) of sulfentrazone selectivity in potato and certain weed speci es.
Al t hough sul fentrazone controls common | anbsquarters at rates as low as 0.11
kg/ha, this herbicide is |less effective on jinsonweed (Bailey et al. 2002).
Dayan et al. (1996) noted differential responses of sicklepod [ Senna obtusifolia
(L.) I'rwin and Barneby] and coffee senna (Cassia occidentalis L.) to
sul fentrazone and found that tol erance of sicklepod was primarily due to a
relatively higher rate of netabolismconpared to coffee senna. Although nost
soybean cultivars are tolerant to sulfentrazone, differential tol erance has al so
been noted between some soybean cultivars. Differential sulfentrazone tolerance
between ' Stonewal |’ and ‘ Asgrow 6785’ soybean cultivars was due to differential
absorption in the early stages of growmh (Li et al. 2000).

The objective of laboratory research was to deterni ne whether differential
sul fentrazone tol erance between potato, comon | anbsquarters, and jinsonweed was
due to differential absorption, translocation, and/or metabolism of

sul fentrazone in these species.

2. Laboratory, greenhouse, and field investigations of the experimental
herbicide AE F130060 03 for Italian ryegrass (Lolium multiflorum Lam.)
management in winter wheat.

Italian ryegrass is a weed indigenous to wi nter wheat production in Southern
and m d-Atlantic regions of the United States. Wheat grain yield reductions as
hi gh as 92% have occurred fromconpetition with Italian ryegrass (Appleby et al
1976). Liebl and Worsham (1984) reported a 5% grain yield | oss for every 10
Italian ryegrass plants/nf. Conpetition fromltalian ryegrass reduces wheat

tillering (Ketchersid and Bridges 1987) and depletes soil nitrogen and



phosphorus resources intended for wheat (Perez-Fernandez and Coble 1998).
Infestations of Italian ryegrass are common in North Carolina and Virginia wheat
fields and often result in field abandonment (A. C. York, North Carolina State
University; E. S. Hagood, Virginia Tech, personal communi cation).

Di cl of op-nethyl is an aryl oxyphenoxypropanoate herbicide that inhibits acetyl
coenzynme A carboxyl ase (ACCase, EC 6.4.1.2), a chloroplastic enzyne essential to
fatty acid biosynthesis in susceptible nonocot species (Kocher 1984). Dicl of op-
met hyl was registered for selective control of Italian ryegrass in wheat in
North Carolina and Virginia in the early 1980's. Although dicl of op has been
very effective in controlling Italian ryegrass since its introduction, the
repeated use of diclofop-nethyl has selected for Italian ryegrass biotypes
resistant to this herbicide. Currently, diclofop-resistant Italian ryegrass
bi otypes infest nmore than 50% of the wheat hectarage in Virginia and result in
net losses in excess of $3.2 mllion (Hagood 2000). |In addition to resistance
to diclofop-nethyl, many diclofop-resistant Italian ryegrass biotypes also
exhi bit cross-resistance to other ACCase-inhibiting herbicides such as
f enoxaprop-P-ethyl and the cycl ohexanedi one herbici des tral koxydi m and
set hoxydi m (Cocker et al. 2001). For these reasons, introduction of herbicides
with alternative nodes-of-action is essential for profitable wheat production in
areas where diclofop-resistant Italian ryegrass popul ati ons persi st.

Sul fonyl urea herbicides differ from ACCase-inhi biting herbicides such as
dicl ofop by inhibiting acetol actate synthase (ALS, EC 4.1.3.18), the enzyne that
catalyzes the first parallel reaction in the biosynthesis of the branched chain
am no acids valine, |eucine, and isoleucine (Ray 1984). Chlorsulfuron is a
sul fonylurea herbicide that was registered for use in wheat in sonme areas of the
United States, Europe, and Australia in the early 1980's follow ng the
introduction of diclofop (Levitt et al. 1981). Chlorsulfuron applied at 35 g
ai / ha preemergence (PRE) has controlled Italian ryegrass (Giffin 1985).

Al t hough rare, at least two Italian ryegrass biotypes in the U S. are resistant



to sul fonylurea herbicides. Taylor and Coats (1996) identified two biotypes of
Italian ryegrass fromrights-of-ways in M ssissippi resistant to sul foneturon
where this herbicide had effectively controlled Italian ryegrass previously.

One of these biotypes was |ater determined to be resistant to other sulfonylurea
herbicides. In Italy, two biotypes of Italian ryegrass exhibit six- and eight-
fold resistance to diclofop and three- and 13-fold resistance to chlorsul furon
(Heap 2002).

Bi ot ypes of dicl of op-resi stant annual ryegrass (Lolium rigidum Gaud.) from
Australia also exhibit additional resistance to chlorsul furon (Matthews et al
1990). Some of these annual ryegrass biotypes exhibit resistance to every
sel ective postenergence (POST) graminicide registered for use in Australia and
are resistant to several herbicides that have not been rel eased (Burnet et al
1994). The mechanisnms of nultiple resistance in some of these annual ryegrass
bi otypes is due to altered herbicide target sites that are | ess sensitive to
inhibition by the herbicides and/or the increased capacity of these biotypes to
detoxify the herbicides (Christopher et al. 1992).

AE F130060 03 is an 8.3:1.7 mixture of the experinental sulfonylurea
her bi ci des AE F130060 00 and AE F115008 00. AE F130060 00 (proposed conmon nane
mesosul furon-nethyl) is active primarily agai nst nonocotyl edonous weeds while AE
F115008 00 (proposed conmon nane i odosul furon-nethyl-sodium acts primarily
agai nst di cotyl edonous weeds. This sulfonylurea nixture has effectively
controlled Italian ryegrass and several wi nter annual dicotyl edonous weed
speci es and can be applied to winter wheat when used with the safener AE F107892
(comon nane nefenpyr diethyl) (Hand et al. 2002). AE F107892 was devel oped in
1993 as a crop safener for fenoxaprop-P-ethyl, but is also an effective safener
for certain other chem cal classes (Hopkins 1997).

To date, we are not aware of any reports of any Italian ryegrass biotypes in
the U.S. that exhibit multiple resistance to diclofop and sul fonyl urea

herbi ci des. Although a simlar cross-resistance phenonmenon of the nagnitude



seen in annual ryegrass has not been docunented in Italian ryegrass biotypes,
Italian ryegrass is physiologically and genetically sinmlar to annual ryegrass
(Betts et al. 1992) and the possibility of this occurrence should not be
over | ooked.

In this research, the potential for differential activity of AE F130060 03 on
di cl of op-sensitive and —resistant Italian ryegrass biotypes was investigated in
initial plant bioassay experinents in the greenhouse and subsequent absorption
transl ocation, and netabolism experinments in the |aboratory. An additiona
obj ective was to investigate response of winter wheat to AE F130060 00 with or
wi t hout the safener AE F107892 in greenhouse and | aboratory experiments.

Research was al so conducted in nunmerous field experinents to deternine
response of diclofop-sensitive and -resistant Italian ryegrass under natura
conditions. Objectives of field research were: 1) to conpare ltalian ryegrass
control and wheat response from AE F130060 03 to that from several registered
post energence herbicides; 2) to investigate the influences of AE F130060 03
application timng and rate on Italian ryegrass control and wheat response; and
3) to evaluate tolerance of AE F130060 03 across ten wheat cultivars adapted to

Vi rginia wheat production

3. Field, greenhouse, and growth chamber investigations of growth and
reproductive ability of imidazolinone-susceptible and -resistant smooth pigweed.
At |least 60 weed species resistant to acetol actate synthase (EC 4.1.3.18)

(ALS)-inhi biting herbicides have been reported within the past 15 years.
Recently, Amaranthus species have been reported nore frequently than other
speci es (Heap 2002). Biotypes of Palner amaranth (Amaranthus palmeri S Wats.)
(Horak and Peterson 1995), redroot pigweed (A4maranthus retroflexus L.) and
prostrate pigweed (Amaranthus blitiodes S Wats.) (Saari et al. 1994), conmon
wat er henp ( Amaranthus rudis Sauer) (Horak and Peterson 1995), livid amaranth

(Amaranthus lividus L.) and smpooth pigweed (Manley et al. 1996; Poston et al



2000) resistant to ALS-inhibiting herbicides have been reported within the past
6 to 7 years. In all instances, repeated use of ALS-inhibiting herbicides was
docunented and resistance was due to an altered ALS

Fitness is defined as the ability of an organismto establish, survive, and
reproduce successfully (Silvertown 1982). Ahrens and Stoller (1983)
denonstrated that triazine-resistant snooth pi gweed produced | ess shoot biomass
and seed dry wei ght under conpetitive conditions, fixed | ess CO, under saturated
l'ight and CO, conditions, and exhibited a significantly lower relative growth
rate and net assimlation ratio conpared to a triazine-susceptible biotype.
Conrad and Radosevich (1979) concluded that triazine-resistant redroot pigweed
and comon groundsel (Senecio vulgaris L.) were less fit than their respective
wild types under both conpetitive and non-conpetitive conditions. They
attributed reduced conpetitiveness in the resistant biotype to photosynthetic
i nefficiency and concluded that the triazine resistance trait was only of
benefit to the plant where triazine herbicides are repeatedly used. Gessel and
Segel (1982) suggest that one possible result of reduced fitness in triazine-
resistant weed biotypes is that the selected biotypes may only continue to exi st
in a popul ati on where herbicide selection pressure is great enough to kill the
wild type. Based on this prem se, reversion to a nmostly suscepti bl e popul ation
will likely occur over tine in the absence of the herbicidal selection agent.

I nterestingly, weed biotypes that have devel oped resistance to ALS inhibitors
may not suffer fitness penalties as severe as those observed in triazine
resi stant weed biotype. Thonpson et al. (1994) noted similar growh rates, seed
production, and conpetitiveness in both sulfonyl urea-susceptible and —resistant
kochi a ( Kochia scoparia (L.) Schrad.). Wth sulfonylurea-resistant prickly
| ettuce (Lactuca serriola L.), reductions in bionmass production conpared to the
wild type were observed under nonconpetitive conditions, but the biotypes grew
simlarly in conpetition studies (Al cocer-Ruthling et al. 1992). In snpoth

pi gweed, Poston et al. (2002) found that imndazolinone-susceptible snooth



pi gneed di spl ayed an advantage in vegetative growh and devel opment over three
out of four imdazolinone-resistant biotypes under controlled greenhouse
conditions. However, conpetitive advantages of susceptible snooth pigweed could
not be confirmed under field conditions and it was concluded that further
studies are required to determne relative gromh differences.

Gressel and Segel (1982) have shown that many reproductive factors such as
(1) proportion of seeds germnating at a given tine, (2) rate of germ nation
and (3) seed size and seed yield per flower are inportant in determ ning whether
a wild-type population is nore fit than a sel ected popul ation. Past research
conparing fitness of imdazolinone-susceptible and —resistant snooth pigweed
under field conditions in Virginia did not docunent a conpetitive advantage for
suscepti bl e snoot h pi gweed under field conditions and concl uded that further
studi es conparing conpetition as well as seed production and gernination of
snmoot h pi gweed bi otypes are warranted (Poston et al. 2002). 1In this research
work in Virginia was continued to investigate conpetitive ability, seed
production, and seed germ nation of im dazolinone-susceptible and -resistant

snoot h pi gweed.
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