Chapter III

Absorption, Translocation, and Metabolism of Sulfentrazone in Potato

(Solanum tuberosum) and Selected Weed Species

Abstract: Potato exhibits adequate tol erance to preenergence applications of
sul fentrazone at rates up to 0.28 kg ai hal Sulfentrazone al so controls
several troubl esonme weeds in potato such as common | anbsquarters but may be

| ess effective against jinmsonweed. Laboratory experinents were conducted to
investigate differential tolerance to root-absorbed ['C] sul fentrazone by
potato, common | anbsquarters, and jinsonweed. Comon | anbsquarters and
jimsonweed absorption of [!C] sulfentrazone was nore than two-fold that in
potato after 24 h exposure. After 48 h exposure, sulfentrazone absorption by
comon | anbsquarters was nearly two-fold that in jinsonweed and nearly three-
fold that in potato. Sulfentrazone novenment fromroots to shoots was al so
greater in common | anbsquarters than in jinmsonweed and potato after 6 h
exposure. Both weed species exhibited nearly a two-fold increase in

sul fentrazone translocation fromroots to shoots conmpared to potato after 12,
24, and 48 h exposure. Mnor differences in sulfentrazone netabolismin roots
were noted between species after 6 h exposure. Metabolismin roots and shoots
was simlar in all species after 12, 24, and 48 h exposure. Since the site of
action of sulfentrazone, protoporphyrinogen oxidase, is located in shoot

ti ssue, translocation to shoot tissue is essential for sulfentrazone toxicity.
Therefore, differential root absorption as well as differential translocation
of sulfentrazone fromroot to shoot tissue are the proposed primary nechani sns
of differential sulfentrazone tol erance between potato, common | anbsquarters,
and ji msonweed.

Nomenclature: commn |anbsquarters, Chenopodium album L. CHEAL; ji nsonweed,

Datura stramonium L. DATST; potato, Solanum tuberosum L., ‘Superior’.
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Introduction

Sul fentrazone is a menber of the phenyl triazolinone herbicide group
(Theodoridis et al. 1992). Herbicides in this group function through
i nhi bition of protoporphyrinogen oxidase in plants, a key internediate in both
heme and chl orophyl | biosynthesis (Jacobs and Jacobs 1987). Unlike other
menbers of this herbicide group such as carfentrazone and the di phenyl ethers,
sul fentrazone offers excellent PRE activity (Dayan et al. 1996, Dayan et al
1997b; Vidrine et al. 1994). Sulfentrazone is currently registered for weed
control in soybean either alone or as a prepackaged m xture with chlorinuron
and is registered in tobacco as a single entity product (Anonynmous 2001). In
previ ous research, sulfentrazone applied PPl or PRE has controlled
nmonocot yl edonous and di cotyl edonous weed species that can be problematic in
several crops (Ohnes et al. 1998; Oiver et al. 1995; Vidrine et al. 1996).
Currently, there is only one known weed speci es that has devel oped resistance
to protox-inhibiting herbicides (Heap 2002); therefore, these herbicides could
have an inportant role in future resistance management progranms (Swantek et al
1998).

In addition to proven tol erance of tobacco and soybean to sul fentrazone,
potato is tolerant to PRE applications of sulfentrazone at rates up to 0.28 kg
ai ha! (Bailey et al. 2002). Sulfentrazone at 0.28 kg ha! controls
nor ni nggl ory ( Ipomeoa spp.), nutsedge (Cyperus spp.), comon | anbsquarters
( Chenopodium album L.), nightshade (Solanum spp.), and several annual grasses
(Wal ker et al. 1992; Anonynous 2001). These weeds are anong the npst
troubl esome weed species in Virginia potato production (Bailey et al. 2001

Ackl ey et al. 1996). The broad spectrum weed control activity provided by
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sul fentrazone coupled with potato tol erance make sul fentrazone a potentia
candi date as a soil-applied conponent in potato weed management prograns.

Al t hough sul fentrazone controls comon | anbsquarters at rates as low as 0.11
kg/ ha, this herbicide is |l ess effective on jinmsonweed (Bailey et al. 2002).
Dayan et al. (1996) noted differential responses of sicklepod [ Senna
obtusifolia (L.) Irwin and Barneby] and coffee senna (Cassia occidentalis L.)
to sulfentrazone and found that tol erance of sicklepod was primarily due to a
relatively higher rate of metabolismconpared to coffee senna. Although npst
soybean cultivars are tolerant to sulfentrazone, differential tol erance has
al so been noted between sone soybean cultivars. Mrris et al. (1993) noted
that ‘ Centennial’ soybean was nmore tolerant to sul fentrazone than ‘ Hutcheson’
Dayan et al. (1997a) later found that ‘Centennial’ sustained |ess cellular
damage from sul fentrazone than did ‘Hutcheson’, which may, in part, be the
basis for differential tolerance in these soybean cultivars. |n other
research, differential sulfentrazone tol erance between ‘Stonewall’ and ‘' Asgrow
6785’ soybean cultivars was due to differential absorption in the early stages
of growmth (Li et al. 2000).

The objective of this research was to deterni ne whether differentia
sul fentrazone tol erance between potato, comon | anmbsquarters, and ji nmsonweed
was due to differential absorption, translocation, and/or netabolism of

sul fentrazone in these speci es.

Materials and Methods
Absorption and Translocation
Radi ol abel ed sul fentrazone used in all experinents was provided by the FMC
Corporation® and uniformy labeled with [*C] in the fifth position on the
triazole ring (radiochem cal purity of 97.2% and specific activity of 807 kBq
mmol "1). Seed of common | anbsquarters and jinmsonweed were pre-gerninated on

nmoi st filter paper in a growth chanber? under alternating day/night
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tenperatures of 35/25 Cwith a 12-h photoperiod. Upon radical energence,
seedl i ngs were transplanted into 10-cm square pots containing a 1:1 m xture of
vermculite3 sand* ‘Superior’, a white table-stock cultivar, seed potato were
di vided into 40-g seed pieces and planted directly into 10-cm square pots
containing the vermculite:sand nmixture. Seedlings were fertilized weekly with
wat er-sol ubl e fertilizer® \hen seedlings of all species were approxinmtely 8
to 10 cmtall, seedlings were renoved fromsoil, roots washed, and transpl anted
into glass jars containing 100 nL of quarter-strength Hoagl and' s nutrient
solution (pH 6.5). Seedlings were allowed to acclinmate to this hydroponic
solution for 48 h. Solutions were then replaced with a fresh 100 nL Hoagl and’ s
solution spiked with 3.7 £ 0.2 kBq [*C] sulfentrazone. Roots of each species
were then placed in the spi ked Hoagland’s solution. Plants were maintained in
t he greenhouse under natural l|ight conditions. Seedlings were collected after
6, 12, 24, and 48 h exposure (HE) to the radiol abel ed solution. At each
collection time, six randomy selected plants of each species were harvested.
Two plants of each species were used for absorption and translocation, two

pl ants were used for X-ray autoradi ography, and two plants were used for

nmet abol i sm experi nents. Plants harvested for absorption and translocation
experinments were separated into root and shoot tissues and dried for 72 h at 60
C. Radioactivity in the roots and shoots was deternined by liquid
scintillation spectronetry (LSS)® with *C-trapping cocktail’ after conbustion
in a biological sanple oxidizer8 Prelimnminary experinents indicated that
absorption of radioactivity by potato seed pieces was negligible (<0.01%;
therefore, seed pieces were discarded at harvest prior to determning

radi oactivity in roots and shoots. Plants used for X-ray autoradi ography were

pressed for 1 wk and then placed on X-ray filn? for 21 d.
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Metabolism

Plants used for netabolism experinments were grown and harvested in the
manner previously described. Extraction and netabolism procedures followed
closely the procedure used by Dayan et al. (1996). Plants collected at each
harvest period for netabolism experinents were separated into roots and shoots
and stored at —-20 C prior to extraction. For extraction, root and shoot
portions of each species were honogeni zed in 10 nL net hanol :water (1:1 by
vol.), and the insoluble plant material was separated by centrifugation®! for 10
mn at 3000 rpm Extraction and centrifugati on were repeated three tines and
t he supernatants were conbi ned and separated i nto aqueous and organi ¢ phases
with 10 nL vol unmes of methylene chloride, and the organi c phases were conbi ned.
Resul ti ng aqueous and organi ¢ phases fromroot or shoot portions of each plant
were kept separate and concentrated to 1 nmL with an N-evaporator®. Thin-Iayer
chromat ography (TLC) was used to separate the aqueous and organic fractions of

each plant portion. TLC was performed on 20 cm by 20 cm plates coated with

silica gel 60A (254 mmthickness)! Fifteen nL of aqueous and organic extracts

of each plant portion was spotted at the origin of TLC plates along with 10 niL
of standard [!*C] sulfentrazone and the plates were devel oped in a sol vent
system of met hyl ene chl ori de: met hanol : atmoni um hydr oxi de (84:15:1 by vol.).
Fol | owi ng devel opnent, standards and netabolites were visualized under UV |ight
and netabolites were tentatively identified based on R val ues of the standard
[C] sul fentrazone and those of previously identified metabolites (Dayan et al
1996). Silica gel fromareas on the plates corresponding to R val ues of

sul fentrazone and assuned netabolites was renoved and placed in vials
containing 10 mL of scintillation cocktail. Al vials were then vortexed and
radi oactivity was deternm ned by LSS. Radioactivity from aqueous and organic
phases of each plate fraction for each species was conbi ned for each exposure

tinme.
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Statistical Methods

The overall experinent was arranged in a conpletely random zed design. The
treatment design was a three by four factorial with three species (common
| anbsquarters, jinsonweed, and potato) and four harvest periods (6, 12, 24, and
48 h after exposure to ['C] sulfentrazone). Experinmental conponents were
absorption and transl ocation, X-ray autoradi ography, and netabolism Two
replications (one plant/replication) were used for each experinmental conponent
at each harvest period. Six plants of each species were collected at each
exposure tinme (two for absorption and translocation, two for X-ray
aut or adi ography, and two for nmetabolisn). Each experinment consisted of 72
pl ants and each experinment was repeated three times. All data were subjected
to analysis of variance (ANOVA) in SAS™ with suns of squares partitioned to
evaluate the main effects and interaction effects of experinent, species, and
exposure tinme. ANOVA reveal ed no treatnent by experinent interaction for
absorption and translocation data; therefore, data were pooled over the three

experi ments. Metabolismdata were pool ed over two experinments. Means were

separated by Fisher’'s protected LSD (p = 0.05).

Results and Discussion

Sulfentrazone Absorption

ANOVA reveal ed that sul fentrazone absorption was influenced by tine (F =
18.47, P = <0.0001) and plant species (F = 6.45, P = 0.0053). Although
seedlings of all species were simlar in height throughout the experinents,
there were inherent differences in the nass of different species. Throughout
the experinent, average fresh wei ght recorded i medi ately after each plant was
harvested was 1.82 + standard error (se) of 0.19 g for conmon | anbsquarters,
3.12 + se of 0.29 g for jinsonweed, and 6.13 + se of 0.91 g for potato. To
account for these differences in plant nmass, absorption data are presented as

kBq radi oactivity absorbed per g of fresh weight for each species (Figure 3.1).
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Absorption of [1%C] sulfentrazone was generally similar in all species after 6
and 12 h exposure. However, after 24 h exposure, absorption was 0.068 to 0.075
kBg per g fresh weight in the two weed species and was significantly greater
than absorption in potato (0.032 kBg per g fresh weight). After 48 h exposure,
absorption by jinmsonweed did not increase significantly from 24 h exposure and
was simlar to absorption in potato. In comon | anbsquarters, however,
absorption increased to 0.12 kBg per g fresh wei ght and was nearly two-fold
that of jinsonweed and nearly three-fold that of potato. Differential root
absorption may be an inportant factor in differential tolerance to

sul fentrazone between potato, jinmsonweed, and common | anmbquarters. Vencill et
al. (1990) reported differential root uptake as a key factor contributing to
differential sensitivity to cl omazone between soybean and Amaranthus species
whil e Mangeot et al. (1979) reported differential absorption as a contributing
factor in differential response to netribuzin. |In sulfentrazone research
Dayan et al. (1996) reported root uptake of radiol abel ed sul fentrazone to be
74% greater in coffee senna (sulfentrazone sensitive) than in sicklepod

(sul fentrazone tolerant).

Sulfentrazone translocation

Sul fentrazone translocation fromroot to shoot portions was influenced only
by plant species (F=40.27, P=<0.0001). Regardless of tine of exposure, |esser
anounts of sulfentrazone were translocated fromroots to shoots in potato than
in either of the weed species (Table 3.1). After 6 h exposure, however,
di fferences were al so noted between the two weed species with 45.3% of the
absorbed [%*C] sul fentrazone being translocated to comon | anmbsquarters shoots,
37.7% transl ocated to jinsonweed shoots, and 21.5%translocated to potato
shoots. At exposure tinmes of 12, 24, or 48 h, sulfentrazone translocation from
roots to shoots was similar in comon |anbsquarters and jimsonweed, ranging

from37.5 to 47.8%in both species. In potato, however, [*C] sulfentrazone
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transl ocation to shoots was never nore than 23% at any exposure tine. These
results were verified in x-ray autoradi ographs of the three species (data not
presented). Since sulfentrazone inhibits protoporphyrinogen oxidase
(Nandi hal I'i and Duke 1993), an enzyne located in the chloroplast envel ope and
i nvolved in chlorophyll biosynthesis in the shoots of plants, differentia
transl ocation to shoots may be the nost inportant factor distinguishing
differential sensitivity between potato and weed species. Oher researchers
have also attributed differential herbicide tol erance between species to

differential translocation (Carey et al. 1997; Pline et al. 1999).

Sulfentrazone Metabolism

As observed with regard to translocation, differences in netabolism between
speci es also occurred. After 6 h exposure, roots of potato contained higher
| evel s of parent ['C] sul fentrazone than the roots of either weed species
(Table 3.2), a possible indication of decreased nmetabolismin roots and
i ncreased | evels of sulfentrazone in the roots of potato. |In shoots, however,
parent [C] sulfentrazone in comon | ambsquarters and jimsonweed shoots was
simlar to that in potato shoots. After 12, 24, and 48 h exposure, anounts of
parent [!C] sulfentrazone were simlar between species. Conparison of the
amounts of parent ['C] sul fentrazone between roots and shoots each species over
time were simlar to trends seen in translocation, with nore parent herbicide
in the shoots of jinsonweed after 6 h exposure and in the shoots of commn
| anbsquarters after 6, 12, and 24 h exposure. Ampunts of parent [C]
sul fentrazone in potato roots and shoots were simlar at all exposure tines.
These results are generally in agreenment with those of Li et al. (2000), who
reported simlar |evels of nmetabolismin sulfentrazone-tol erant and —sensitive
soybean cul tivars.

Based on R val ues of previously reported sul fentrazone netabolites

(Theodoridis et al. 1992), the primary nmetabolites found in this experinent
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were assunmed to be a 3-hydroxynethyl derivative (R=0.35) foll owed closely by
what was assuned to be a 3-carboxylic acid derivative (R=0.08) (data not
presented). Formation of these derivatives is known to be achieved through a
st epwi se oxi dation of the methyl group on the triazolinone ring of the parent
nmol ecul e (Dayan et al. 1996). These netabolic derivatives are known to be |ess
toxi c than sul fentrazone (Dayan et al. 1998). It has been reported that the
met hyl group on position three of the triazolinone ring is necessary for
maxi mum bi ol ogi cal activity of sulfentrazone and that replacenent by other
substituents results in dramatic decreases in biological activity (Theodoridis
et al. 1992).

Col l ectively, the results of these experinents suggest that differential
sul fentrazone tol erance between potato and weed species is primarily due to
differential root absorption as well as differential translocation of the
herbi ci de fromroot to shoot portions. Absorption by the two weed speci es was
nore than two-fold that in potato after 24 h root exposure while conmon
| ambsquarters absorbtion was nearly two-fold that of jinmsonweed and three-fold
that of potato after 48 h exposure. Although differences in translocation were
not ed between the nore-sensitive commopn | anbsquarters and the | ess-sensitive
jinmsonweed after 6 h exposure to sulfentrazone, sulfentrazone translocation to
shoot tissue in either weed species was nearly two-fold that of potato at any
time of exposure. Since the site of action of sulfentrazone is found primarily
in the shoot tissue of plants, adequate translocation to these areas is
essential for adequate effectiveness of sulfentrazone. Sulfentrazone tol erance
in potato coupled with the broad-spectrum weed control activity of this
her bi ci de makes it a suitable candidate for use in future potato weed

management prograns.

Sources of Materials

IFMC Corporation, Agricultural Products G oup, Philadelphia, PA 19103.
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2Conviron nodel E7 growth chanber. Conviron Controlled Environments Linited,
W nni peg, Manitoba.

SHorticultural vermiculite sterile growing nedia, nedium grade. The
Schundl er Conmpany, P. O Box 513, Metuchen, NJ 08840-0513.

‘Qui krete all-purpose sand. The Quikrete Conpanies, Atlanta, GA 30329.

SPeters Professional General Purpose 20-20-20. Scotts-Sierra Horticultura
Products Conpany, 14111 Scottslawn Rd., Marysville, OH 43041.

SLiquid scintillation counter, Beckman LS 5000TA nodel, Becknman |nstrunents,
4300 N. Harbor Boul evard, Fullerton, CA 92634.

Scintiverse® BD scintillation cocktail. Fisher Scientific, Fair Lawn, NJ
07410.

8Packard Model 307 Biol ogical oxidizer, Packard Instrument Co. 2200
Warrenvill e Road, Downer’s Grove, |L 60515.

®X- OMAT di agnostic film Eastman Kodak Conpany, Rochester, NY 14650

g5orval | RC-58 refrigerated superspeed centrifuge with SS-34 rotor. Sorvall -
Kendro Laboratory Products, L.P., 31 Pecks Lane, Newtown, CT 06470-2337.

IMeyer N-EVAP anal ytical evaporator. Organomation Associates, Inc., P. O
Box 5 Tpk. Sta., Shrewsbury, MA 01545.

2gjlica Gel 60Fu, precoated plates for thin |ayer chromatography. EM
Sci ence, 480 Denocrat Road, G bbstown, NJ 08027.

3gtatistical Analysis Systens (SAS) software, Version 7.0, SAS Institute,

Inc., Box 8000, SAS Circle, Cary, NC 27513.
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Table 3.1.

and potato after 6, 12, 24, and 48 h root exposure.

Transl ocation of [*C] sulfentrazone fromroots to shoots in common | ambsquarters, jimsonweed

[#C] sulfentrazone absorption

ab

Common | anbsquarters Ji msonweed Pot at o
Ti me Root s Shoot s Root s Shoot s Root s Shoot s
HE® % of absor bed®
6 54.7 + 4.3 45.3 + 4.3 aA 62.3 + 3.6 37.7 £ 3.6 aB 78.5 + 7.3 21.5 + 7.3 aC
12 61.1 + 3.4 38.8 £ 3.4 aA 62.5 + 5.3 37.5 £+ 5.3 aA 83.2 £ 6.9 16.8 + 6.9 aB
24 57.8 £ 3.5 42.2 £ 3.5 aA 58.5 + 4.6 41.5 £ 4.6 aA 77.0 £+ 5.6 23.0 £+ 5.6 aB
48 52.2 £ 5.4 47.8 £ 5.4 aA 56.8 + 4.4 43.2 £ 4.4 aA 78.3 £ 4.5 21.7 £ 4.5 aB

a/al ues represent the pool ed average

standard errors.

of three experiments as a percentage of absorbed ['C] sul fentrazone

®PMeans of radioactivity in shoots followed by the same |lowercase letter are not significantly different

Wi t hin species.

significantly different between species.

‘HE = h exposure.

dTransl ocation data presented as percentage of absorbed radioactivity.
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Table 3.2. Sul fentrazone netabolism by comon | anbsquarters, jinmsonweed, and
potato seedlings as influenced by tine and plant portion
Root Parent [*C] sul fentrazone?
absor ption Pl ant portion
time Speci es Root s Shoot s
= ——— % of recovered C° ———————
6 Common | anmbsquarters 26.8 + 8.5 bB 75.0 = 8.2 aA
Ji nsonweed 30.8 £ 8.1 bB 80.8 + 3.0 aA
Pot at o 56.5 + 5.8 aA 69.5 = 7.9 aA
12 Common | anmbsquarters 52.3 + 6.5 aB 67.8 + 6.4 aA
Ji nsonweed 45.0 £ 7.0 aA 61.5 + 10.2 aA
Pot at o 53.3 £+ 5.9 aA 52.5 =+ 14.5 aA
24 Common | anmbsquarters 24.0 = 6.1 aB 64.8 = 10.2 aA
Ji nsonweed 36.5 + 10.8 aA 46.0 £ 7 aA
Pot at o 45.3 £ 9.4 aA 54.3 = 8 aA
48 Common | anmbsquarters 54,5 + 8.9 aA 73.5 = 6 aA
Ji nsonweed 47.0 £ 6.8 aA 65.8 + 2 aA
Pot at o 53.3 = 14.0 aA 77.5 = 6 aA
aVeans represent the pool ed average of two experinents as a percentage of the
total radioactivity attributed to parent sulfentrazone * standard errors.
Means of radioactivity followed by the sane | owercase |etter are not
significantly different within plant portion. Means of radioactivity foll owed

by the sane uppercase letter are not significantly different
portions.

PHE = h exposure.

Met abol i sm data presented as a percentage of recovered radioactivity

attributed to parent sulfentrazone.
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CAPTIONS FOR FIGURES

Figure 3.1. Absorption of [!C] sulfentrazone per g fresh weight of common

| anbsquarters (Chenopodium album L.), jinsonweed (Datura stramonium L.), and
potato ( Solanum tuberosum L.) after 6, 12, 24, and 48 h root exposure. Error
bars represent the standard error of the nmean of three experinents. Asterisks
denote significant difference between species at the P = 0.05 significance

| evel .
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