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Abstract

Weed control is the Igest expense faced in the nursery and landscape industries. Nursery growers spend $967 to $2,228/A, depending
on species, for supplemental hand weeding in addition to three to four yearly herbicide applications. Herbicide-treated mulches have

utility in addressing many current nursery/landscape weed control issues such agetametdicide losses, leaching ané gife

herbicide movement, and reduction of weed control cdsts.objectives of this study were to compare seven types of mulches,
including Douglas fir nuggets, pine nuggets, shredded hardwood, shredded Cypress, PennMulch™, rice hulls, and cocoa shells sprayed

with Surflan [aqueous solution (AS) (oryzalin) at 1.12 (0.5x) and 2.24 (1x) kg ai/ha (1.0 and 2.0 Ib ai/A)] and SureGuard |[(water

dispersible granular (WDG) (flumioxazin) at 0.19 (0.5x) and 0.38 (1x) kg ai/ha (0.17 and 0.34 Ib ai/A)] to detdicziop @h
common chickweedSellaria medig, annual bluegras®6a annuaand spotted spge (Chamaesyce humistratahd phytotoxicity to
Golden vicary privetl{igustrum xvicaryi), creeping juniperJunipeus horizontalisP.C. Youngstown’), and wintgreen boxwood

(Buxus micophylla‘Wintergreen’) at 45 and1b days after treatment (DA The herbicide-treated mulches were compared to untregted

mulches, ovethe-top sprays of the herbicides and a combination spray of Surflan + SureGuard each applied at the 1x rate,
above, an industry-standard granular formulation Rout (oxyfluorfen + oryzalin) at 3.41 kg ai/ha (3.0 Ib ai/A), an industry standa
chemical alternative Geodisc™, and an untreated coifittelexperiment was conducted in 2001 and repeated in 2002. In 2001,
43 treatments provided commercially acceptable visual ratings atB51BAvere herbicide treated mulches. Four of five treatments
2001 providing acceptable control &t51DAT were herbicide treated mulches. In 2002, three treatments providing commer
acceptable control at 45 DAvere: PennMulch™ + 0.5x Surflan, PennMulch™ + SureGuard, and Rout. Rout was the only treg

providing commercially acceptable control a6DDAT in 2002. Golden vicary privetxhibited the greatest phytotoxicity in both years.

In 2001-2002, the ovehe-top sprays of Surflan + SureGuard were the most phytotoxic treatments to Golden vicary privet
averaged across 45 antb1DAT. The data indicated a significant herbicide x mulch interaction and that some combinations, s
hardwood + SureGuard or pine nuggets + SureGuard, increased and extéodeyg afd reduced phytotoxicity versus mulches
herbicides applied alone.

Index words: Geodisc™, PennMulch™, ricehulls, pine bark, hardwood bark, container production, ornamental herbicides, m

Species used in this studycommon chickweedellaria medig; annual bluegras®6a annu spotted spge Chamaesyce maculgta
GoldenVicary privet Ligustumxvicaryi); creeping juniperJunipeus horizontalisP.C. Youngstown’); wintegreen boxwoodBuxus
microphylla‘Wintergreen’).

Herbicides used in this study:Rout (oxyfluorfen + oryzalin) 2-chloro-1-(3ethoxy-4-nitrophenoxy)-4-(trifluormethyl) benzen + 3
dinitro-N*-N*-dipropylsulfanilamide; Surfla\S (oryzalin) 4-(dipropylamino)-3, 5-dinitrobenzenesulfonamide; SureGu&DG
(flumioxazin) 2-[7-fluoro-3, 4-dihydro-3-0x0-4-(2-propynyl)-2H-1, 4-benzoxazin-6-yl]-4, 5, 6, 7-tetrahydro-1H-isoindole-1, 3(
dione.
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Significance to the Nursery Industry

scapes and is the tgst expense for these industries. Pro-
ducers often spend $967 to $2,228/A, depending on species
for supplemental hand weeding in addition to three to five
yearly herbicide applications (22). Problems associated with
herbicide use in nurseries include proper calibration, leach-
ing, spray-drift, herbicide run-hfthe need for multiple ap-
plications, and product expengey method that would re-
duce herbicide use, hand weeding, crop damage, and the in-
cidence of the problems previously discussed would be of
great significance to the industiy/e have tested several in-
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2002; howeverherbicide-treated mulches have shown the

Effective weed control is essential in nurseries and land- MOSt promise in terms of reducing phytotoxicity while in-

number of herbicide applications needed via extensi

resulting in environmental and economic gains.

Intr oduction

mand containegrown plants that are weed-free (28). N

eries can spend between $500 and $4000 per acre for manual
removal of weeds, depending on weed species present (21).
Based on an hourly wage of $14.75, it costs $1,367 to hand

NW., Suite 360Washington, DC 2000%nd the Unitedtates Department weed 1000 3-liter pots over a 4-month period (6)

creasing and extendindfiebicy. Data presented in this paper
suggest that mulches may be acting as slow release carriers
for the preemerence herbicides. In turn, this decreases the

on of

duration. Increased fdacy would reduce supplemental
handweeding costs and alleviate herbicide waste problems

Weeds are deleterious and troublesome in landscapes and
novative weed control products in trials from 1998, 2000— nursery production, and the markets for nursery crops de-

urs-

Weed control by granulapreemegence herbicides is the
most common method used by container growers (14), al-

Scarf’'s NurseryInc., New Carlisle, OH, for donation of plant material. though liquid formulations are sometimes used. One prob-
2Former Graduate student, presently Reseassbciate. lem associated with herbicide use is the amount of nen-tar
*Associate Professor to whom correspondence should be sent. get herbicide loss. Non-@e&t herbicide losses are the pri-
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mary contributor to herbicides in rufi@fater from container nitrogen added, patented by Pertat& University Sate
nurseries (17)As much as 86% of a granular applied herbi- College, R) rice hulls, and cocoa shells were laid out on a
cide can be lost by misapplication and nomg¢atdoss, de- flat piece of plastic at one unit-layer thickness. Placing the
pending on pot spacing and species (14). Pragamee her pieces of mulch side by side with minimal overlap on the
bicides are also limited by the amount of residual provided plastic created a unit-layer thickness. Each year mulches were
by the herbicide. Frequent reapplication is necessary to main-sprayed with SureGuard (flumioxazwvalent U.S.A. Corp.,
tain acceptable weed control in containers, so it is likely that Walnut Creek, CA) at 0.38 kg ai’ha (0.34 Ib ai/A) (1x rate),
the half-life of herbicides on the surface of a soilless media and Surflan 4AS (oryzalin, DofgroSciences, Indianapo-
is less than those observed in field soils (16). lis, IN) at 2.24 kg ai/ha (2 Ib ai/A) (1x raté).second set of
Weed control (or suppression) can be obtained in a num- mulch-herbicide treatments were sprayed with half the rates
ber of other ways, including ganic mulches. Mulches have listed above (0.5x). Ovahe-top spray treatments included
not been used extensively as weed suppressants in containegurflan and SureGuard at the rates described above and a
production. Mulches, howevenave been used extensively combination spray of SureGuard (1x) + Surflan (1x).- Car
in the landscape industry because of their aesthetic value (27xier volumes were 224 liters/ha (24 gal/A) of water for
and weed suppression (3, 27)g@mic mulches can helpto  SureGuard and 271 liters/ha (29 gal/A) for Surflan. Contain-
alleviate weed competition by inhibition of germination and ers (#1) were filled with a soilless potting medium contain-
suppression of weed growth (20). Some mulches, like rice ing 60% pine bark, 20% rice hulls, 10% sand, 5% technigrow
hulls, contain allelopathic chemicals (IThere are a number  (a composted sewage sludge, Kurtz Bros. Inc., Groveport,
of organic mulches, with most of them made out of wood OH), and 5% aggregate. Herbicides were applied with.a CO
shavings or barRVilliams (personal communication) found  pressurized backpack sprayer (R&D Sprayers, Opelousa, LA)
that pine nuggets applied three inches thick provided excel- equipped with 4-8002evs flat fan nozzlesd€jet,Wheaton,
lent weed control; howeveBkroch (27) found only 50%  IL). Spray pressure was 276 kPa (40 psi) for SureGuard and
reduction in weed counts when the mulch was applied 3.5 345 kPa (50 psi) for SurflaiThe treated mulches were al-

inches thick, which is not commercially acceptablegadic lowed to dry for 24 to 48 hours, and then were placed on the
mulches are also biodegradable, which would be beneficial pots at one unit-layer thickne§is ranged from 0.3 to 0.6
for the environment. cm (0.13 to 0.25 in) deep in the pot for all the mulches ex-

Herbicide-treated mulches could be an answer to long-term cept the Douglas fir nuggets, where only 3-6 nuggets were
weed control that incorporates two control methods. Com- placed in each containddntreated mulches were also put
bining physical (mulch) and chemical control methods could on the containers at one unit-layer thickness to ensure uni-
reduce the amount of herbicide applied per year while in- formity in the trial. Comparisons were also made to an un-
creasing application uniformityHerbicide-treated mulches treated control (weedy check, no mulch and no herbicide),
have been investigated in annual plant bed} flewly es- Rout (oxyfluorfen + oryzalinThe Scott Co., Marysville,
tablished ground covers (9), field grown nursery stock (8), OH) at 3.4 kg ai/ha (3.0 Ib ai/A) and GeodiscA¥mixture
landscape plant areas (12, 8), and containers (10, 22) andf 0.06 ml (1/8 tsp) of equal portions by weight of spotted
have shown promise as an alternative to conventional meth-spuige (Chamaesyce maculgtaannual bluegrasgPoa
ods. One hypothesis with mulch and herbicide is that the annug, and common chickwed8ellaria medig seeds were
mulch binds the herbicides and possibly acts as slow releasesprinkled over the top of each pot, just after application of
carriers for the herbicides and reduces the leaching potentialherbicide-treated mulches and other treatments in both years.
of the herbicides (22)This, in turn, would decrease the In 2001, seed was obtained frdrhe Scotts Co.Western
amount of herbicide needed and extend duration. Knight (18) Region (Gervais, OR). In 2002, the seed was purchased from
indicated that the application of preegmmce herbicidesonto  a company specializing in weed science research seed,
organic mulches reduced herbicide leaching by 35-74% com- Herbiseed (Wyford, England).

pared with bare soil preengemt herbicide applications. Experimental design was an 8 x 5 (mulch x herbicide)

_As previously described, there has been much investiga- ,npajanced factorial treatment structure in a completely ran-
tion on pre-treated (herbicide-treated) mulch; however there 4,764 design with four replications per treatment in 2001
are many mulches and herbicides that have not been re-;n4 5002 1n 2001, all pots were fertilized immediately after
searchedThe research presented here involves only one planting with 20N-8.8P—16.6K (20-10—20) waitgected
mu_Ich_prewoust investigated, which is pine nygg@tse fertilizer (Peters Professionalhe Scotts Co.) at 200 mg/
objective of our research was to further investigate the ef- |itor (200 ppm), and they were then immediately top-dressed
fects of seven common, ganic mulches treated with two b Osmocote 15N-4P—10K (15-9-12) with micronutrients
common preemgence, ornamental herbicides compared to slow release fertilizer (The ScattCo.) at 15 grams (0.5 0z)
mulch_es untreated,_ ovdle-top s%ays, a granula non- per pot.Top dressing of watenjected fertilizer was done to
chemical al_ternat|ve Geodisc™ g¥el, U.S.A., Inc., ensure nutrition was available to the medium right after pot-
Hendersonville, NC) and untreated control for extent and ting. In 2002, the same Osmocote fertilizer was pre-plant
duratl_on of eficacy and phytotoxicity to three species of incorporated into the medium at 5.9 kg{o Ib/yd): liquid
containefgrown plants. fertilizer was not applied. Electrical conductivity and pH of
. the media were measured in both years using Chndly
Materials and Methods portable meters (Spectrifachnologies, Inc., Plainfield, IL)
Efficacy Trials began on June 10, 2001, and were repeatedand theVirginia Tech Extraction Method every 2 weeks to
starting June 6, 2002, @he Ohio $ate University Colum- ensure fertility levels were maintained within the correct
bus, OH. Seven dérent types of mulch: pine bark nuggets, parameters for container ornamentals: pH of 5.2—6.2 and Ec
Douglas fir bark nuggets, shredded cypress, shredded hard-of 0.20-1.00 dS/rt25). Water was applied daily at 08:00 am
wood, PennMulch™ (pelletized newspaper mulch, with 1% throughout the test period by overhead sprinklers at 0.26 cm/
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ha (0.25 in/A) per dayegardless of rainfall.otal precipita- is presented. In both years, there was an herbicide x mulch
tion during the trial in 2001 was 22.1 cm (8.7 in) and 34.5 interaction for dicacy and phytotoxicity; thus mainfetts

cm (13.6 in) in 2002Visual ratings were conducted at 45 of herbicide and mulch are not discussed.

DAT (days after treatment) and3 DAT both yearsWeed

shoot dry Weights_ were taken dtSLDAT in 2001 and 45 Efficacy In 2001, 17 of the 43 treatments provided visual
DAT and 15 DAT in 2002. In 2001, one set of four replica-  a4ings ahove 7 at 45 OATable 1). Of these 17 treatments,
tions per treatment were evaluated; in 2002, two sets, one sefj 4 \vere herbicide-treated mulch@e other three were:

at 45 DA, and one set atl5 DAT were evaluatedhere- overthe-top spray of the 0.5x rate of SureGuard, Rout, and
fore, no dry weights are presented at 45A2001 Visual Geodisc™. Six of seven untreated mulches did not provide
ratings were based on a 0-10 scale, where 0 = no control, 105inificantly improved dicacy versus the control (2.2) at 45
=100% control and_ 7 = commercially acceptable. Ratings  pAT in terms of visual ratings, but cypress, Douglagchr

were made comparing the percentage and size of weed growthy. .5 shells and pine nuggets all reduced weed dry weights

to the controls. Eicacy evaluations were conducted in con- compared to the control4Ble 1)At 115 DAT in 2001, freat-

tamgrs \liv'th no crop ];speme_s prefsent. dln 5002’ thegﬁpuas ments providing acceptable control were reduced to five, four
cut back to prevent formation of seeds between the 45 DA -\ ore herbicide-treated mulches and none were herbicides

an(_JI 15 DAT evaluations. Cl|pp|ng_s were dneql and the  55ne (Bble 1). Dry weights also indicate these five treat-
weights were added to the dry weights determinedlt 1 o5 provided superior control AiSIDAT. Four untreated
DAT. Regeneration of weed growth occurred after pruning. . iches provided slightly improvedfieacy versus the con-
trol in terms of visual ratings, including cypress, Douglas fir
pine nuggets, and hardwood. PennMulch™ alone resulted in
an increase of weed shoot dry weigftis may have been

; ; . . . AR due to the 1% nitrogen fertilizer it contained. In other re-
Golden vicary priveti{igustrumxvicaryi), creeping juniper  gearch pennMulch™ provided good control of most weeds

(Junipeus horizontalisP.C. Youngstown’), and wintgreen but with some weed species Geodiscs™ provided better con-
boxwood Buxus micophylla ‘Wintergreen’) were trans- trol (32).

planted on June 10, 2001, and May 30, 2002, into #1 CON-  Eicacy was very much reduced in 2002 compared to 2001.

tainers filled with the same medium used in thieagy study Three treatments ; :
; Lo provided commercially acceptable control
Height of transplants was 15-20 cm (6-8 in) in 2001 and 4 45 pAT in 2002, Rout, PennMulch™ + 0.5x Surflan, and

20-25cm (8-101in) in 2002. In 2001 and 2002, golden vicary pannMulch™ + 0.5x SureGuarda@dle 2). Rout (0.0 g) also
privet and juniper were transplanted from 10.5 cm (4.in) pots provided the lowest weed dry weights, but 10 other treat-
and boxwoods were transplanted from 6.4 cm (2.5 in) potS. jents provided similar dry weights to that of Réhong
Phytotoxmlty was assesse(_j by visual ratings and shoot dry o untreated mulches, only PennMulch™ and pine nuggets
weights at 45 and1b DAT in 2001 and 200ZTreatment  qyided significantly improved facy versus the control
design was an 8 x 5 x 3 (mulch x herbicide x species) unbal-yig,a1ly: howeverby dry weight only pine nuggets provided

anced factorial with two sets of four replications for each patier eficacy versus the control. Results 86DAT showed
treatment, one set for the evaluation at 457@Ad one set similar results to that of 45 DA Rout again provided the

for the evaluation at1b DAT. Visual ratings were based on i ; ; :
~ . ghest visual rating and lowest weed dry weiglath(& 2).
a1-10 scale, where 1 = no phytotoxictly = complete death 5y > gyt of the 7 untreated mulches in 2002 provided a

and< 3 = commercially acceptable. Phytotoxicity contain- higher visual rating than the control at5LDAT, the
ers were hand-weeded weekly to reduce plant-weed compe-pannMulch™ and pine nuggets.

tition. | f . d qf Although ratings were based on the control of all three
hAn analyses é)ec;/arlanc(j:e (AN.G‘\)I \F]vas conducted for species, dferences between the two years are mainly due to
phytotoxicity and gfcacy data using the SASO (SASO In- 4 gpeciesThere was a substantial féifence in control of

stitute Inc., CaryNC) General Linear Model (GLM) proce- s annual bluegrass and sgrifrom 2001 to 2002Ve specu-
dure. Fishes protected least significant fdifence test was late this was due to seed source and seed.Vigersame

used_to compare meandsual ré?“”gs were subjected to an weed species were purchased but the spottedespereived
arc sin square root transformation (29) to ensure normal dis- ¢ Herbiseed grew and looked muchfetiént than the

tribution of the means. Data sets were analyzed and the tWOspotted spuge that was obtained from Scotts. From observa-
analyses (transformed and non-transformed) were comparedyjgns of growth characteristics, we concluded that theggpur
A combmedANOVA using year by treatment interaction as species tested in 2002 was nodding gpuChamaesyce
the error term iIMNOVA was then conducted to determine if nutang not spotted spge (Neal, personal communication)
the two years of data could be pooled. a much more vigorous and fiiult to control spuge than
spotted spge.

There were also ddrences between the annual bluegrass

The two years were complete replications in time; how- seed lotsWe observed they were the same species, hoywever
ever they produced dérent results for the measured pa- germination was higher and faster for the annual bluegrass
rametersThe test of hypothesis using the year by treatment in 2002 compared to 200Annual bluegrass in 2001 did not
interaction as an error term ANOVA indicated that year tiller as profusely as it did in 200Rifferences in dry weights
and year by treatment interaction were significaihere- of the control pots (6.6 g, 2001 and 39.6 g, 2002) indicate the
fore, the two years are presented separately throughout thewveed growth dierences between the two yearsHi DAT.
remainder of the papéaXo differences were found between  Although the spge species and seed lotfdiEnces of an-
theANOVA of the transformed data and the non-transformed nual bluegrass caused visual ratings to Hergifit, there were
data (data not shownfherefore, the non-transformed data trends that were similar between the two years.

Phytotoxicity The phytotoxicity evaluations of three
woody landscape nursery species were conducted with the
same treatments and similar methods to tfieaefy trial.

Results and Discussion
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Table 1. Efficacy visual ratings of weeds in containers with selected after treatment (\A{T) only by combination herbicides

Qﬁéb'ﬁfri?sfné’fcféhgﬁkﬁcfse?;y"éha‘??gﬁ?r"éaatt'ﬁq”esatefﬁg'ic&“”’ oxadiazon plus oryzalin or oxadiazon plus prodiamine, and
weights at 115 DAT in 2001. Whitwell anq Kalmowitz (31) found thatquacy of pros-
trate spuge is reduced up to 72% 90 DAIsing oxadiazon
45 DAT? 115 DAT plus bifenoxThe oxyfluorfen in Rout has a similar mode of

action to oxadiazon; it also has two chemistrigss could

Treatment r\;'t?;‘g' Y;ﬁt‘]g' ngnw explain why Rout was veryfettive in this studySureGuard

also has a similar mode of action to oxadiazon and had good
A 3.2hijkl’ 2.0kimnop 4.4defg efficacy on prostrate spge; howeverit did not provide ad-
B 6.5bcde 5.5defghi 2.0abcde equate control of the annual bluegrass. Niekamp et al. (23)
g ?-ggﬁ?h' i-g{ckmﬂlo g-ggggg; also reported reduced flumioxazirfieficy on grasses, pos-
Cocoa shells 4.0fghijk ljzgnép 3 7cdef §|bly prlalnlng the Iqwer visual ratings of the treatments
Cocoa shells+A 8.0ab 5.8cdefg 2 3abedef involving SureGuard in 2002. SureGuard has also been re-
Cocoa shells+B 7.2bcd 2.8jkimno 3.8cdefgy ported to have longer residual control versus Surflan + Gal-
Cocoa shells+C 6.2bcdef ~ 4.0fghijkl 2.8abcdef lery (isoxaben, DovAgroSciences, Indianapolis, IN) or OH
g%‘r’:szhe”sm gg;ﬂﬁ&?h' ggﬂ(‘l’rﬁ’mo i'gift?c Il (Scott's Co., Marysville, OH). Others (2) working on the
Cypress+A 8.2ab 6.8bcde 1.1abc longevity of weed control with herbicides for ornamental
Cypress+B 8.5a 6.0cdefg 1.7abcd containers found that treatment intervals for flumioxazin
Cypress+C 5.8bcdefg 3.8ghijkim 3.3bcdef during summer could be extended to at least 12 weeks ver
ggﬁrel;z;i? I-gﬁgd gglf?(*lw]'ﬂ é-%sggf sus their normal 8 week application interval. Increasing treat-
Douglas fireA 3.5ghijkl 4:2éfghijk 3.9cdefg ment intervals from 8 to 12 weeks resulted in financial sav-
Douglas fir+B 3.0ijkl 3.8ghijkim 3.0bcdef ings (2). In our study in 2001 and 2002, the 1x rate of
Douglas fir+C 1.5Im 3.0ijkimn 2.4abcdef SureGuard provided greater residual #s DAT (5.5, 2001
Douglas fir+D 2.0kim- 2.2kimnop 4.4defg and 4.8, 2002) versus the Surflan (2.0, 2001 and 0.5, 2002).
:gﬁmgg& A g'ngcrgg ggg‘gf’gﬂi g'g;gi‘:jge In this study Surflan controlled annual bluegrass both
Hardwood+B 8.5a 5.2efghii 1.5abcd years, as a spray alone and in combination with mulch. Surflan
Hardwood+C 5.8bcdefg 5.5defghi 3.1bcdef did not provide adequate control of speiwhen it was used
Hardwood+D 10.0a 8.2abc 0.0a as an ovethe-top sprayDerr (7) reported Surflan controlled
Egmﬂiﬁﬂw g-g? géggdef 11062th spuge in containegrown herbaceous perennials, and in a
PennMulch+B 8.8a 5.2¢fghij 1 6abed separate studyj pots Fhat were crop_—free (13). S_urflan, how-
PennMulch+C 5.5cdefgh 3.0ijklmn 4.4defg ever is often mixed with other chemicals to provide a broader
PennMulch+D 7.5abc 5.8cdefgh 2.0abcde spectrum of weed control (4, 24, 30). Surflan + pine nuggets
Pine nuggets 2.2jkl 3.2hijkimn 2.8abcdef was the best Surflan-treated mulch, and it provided some,
E:ﬂg m%%‘;tt:g i'ngghij 2'8lf‘gbh°iﬁd g'ggbc def but not complete control of spotted sgeirin 2001, and it
Pine nuggets+C 7.8abc 5.2efghij 0.8ab provided no control of the spye in 2002. Integration of two
Pine nuggets+D 1.8kIm 1.5Imnop 2.8abcdef or more methods of weed control may produce a positive
Rice hulls 3.0ijkl 2.5kimnop 5.1fg interaction (26).The combination of Surflan with another
S:gg Eﬂ“i:g g-g‘;gc'zj'g( g-ggh”k'm 30-70‘2:‘16“ weed control factor such as another herbicide (4, 24, 30) or
Ricehulls+C 10.0a 3.8ghijkim 2 3abcdef mulch (22) provides this positive interaction.
Ricehulls+D 10.0a 9.5a 0.0a
gfy()zc;lﬁr?+Flumioxazin 1g:gta)cde l?ésk?r?ﬁnop 28?9 Phytotoxicity Only Si.X .Of 4.3 treatr_nents Combined. over
Rout 8.5a 5.2¢fghij 1.9abcde dates, gave a phytotoxicity visual rating of three or higher to

golden vicary privet in 2001, two were oube-top sprays:
Control 2.2kl 0.0p 6.69 Surflan + SureGuard, 0.5% SureGuard, pine nuggets + Surflan,

pine nuggets + 0.5x Surflan, pine nuggets + SureGuard, and
“DAT = days after treatment. Douglas fir + Surflan (@ble 3). Only one treatment, an over

yCodes fortrea_ltmems:: 1x oryzalin, B = 1x flumioxazin, C = 0.5x oryzalin, the-top spra,yhad a phytotoxicity visual rating of three or
D = 0.5x flumioxazin. .
*Visual ratings based on a 0—10 scale with 0 representing no control and 1Oh|gher to the bO-XWOOd _(0.5><. SureGuard) and no tregtm_ents
total weed control. had a phytotoxicity rating higher than three to the juniper
“Dry weight expressed in grams. (data not ShOWI’]). . . .
vSimilar letters in the same column are not significantifedéit (LSD < . In 2002, phytotoxmty ratings, in general' were lower than
0.05). in 2001.When averaged across 45 arid DAT only two
treatments, both ovéhe-top sprays, SureGuard and Surflan
+ SureGuard, were phytotoxic to golden vicary privet(&

The spuge was controlled both years up to 45Ty the 4). SureGuard has been reported to cause phytotoxicity to a
SureGuard spray and up td5LDAT with combinations of number of species, including spirea ‘Anthowateret
SureGuard with rice hulls, hardwood, cypress, and (Spirrax bumalda'Anthony Waterei), dianthus Dianthus
PennMulch™. Spgre was also é&ctively controlled by Rout alpinus) (5), spirea ‘Goldmound{Spirea xbumalda
to 45 DAT in 2001, and up tolb DAT in 2002. Spuge is a ‘Goldmound’), and daylily iHemebcallis x'Stella de Oro’)
common problem in container nurseries (15), but SureGuard (33). With the exception of rice hulls + SureGuard (27.29)
may provide control in some crops. Ruter and Glaze (24) and Douglas fir + SureGuard (26.1) the addition of SureGuard
found that prostrate spye Chamaesyce pstratg growth to the majority of mulches produced phytotoxicity results
was reduced by 98% compared to the control at 12 weekssimilar to that of the control for golden vicary privet (34.6 g)
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Table 2. Efficacy visual ratings and dry weights of weeds in containers with selected herbicides, mulch, herbicide-mulch combinations, Geddisc
and control at 45 and 115 days aftertreatment in 2002.

45 DAT* 115 DAT
Treatment Visual rating* Dry weight” Visual rating Dry weight
A 1.5jkimng 20.7hijkl 0.5hi 43.1kl
B 2.2hijkim 7.2cd 4.8bcde 18.1bcde
C 0.8mno 15.6efg 0.5hi 36.5hijkl
D 0.8mno 20.9hijkl 0.0i 42 .3kl
Cocoa shells 0.20 22.1jkl 0.0i 39.1ijkl
Cocoa shells+A 2.8ghijk 23.3kl 0.8hi 35.6ghijkl
Cocoa shells+B 3.8efgh 2.6abc 4.0cde 20.6bcde
Cocoa shells+C 1.0lmno 21.1hijkl 0.0i 38.3hijkl
Cocoa shells+D 2.5hijkl 5.3bc 4.8bcde 26.3 defgh
Cypress 0.20 18.0ghij 0.8hi 32.9fghijk
Cypress+A 3.0fghij 20.9hijkI 3.2def 41.1jkl
Cypress+B 3.0fghij 4.4abc 6.2b 11.0b
Cypress+C 0.5n0 19.7ghijkl 1.5fghi 36.3hijkl
Cypress+D 2.5hijkl 5.6bcd 5.2bc 14.0bc
Douglas fir 1.2klmno 22.5jkl 1.2ghi 37.0hijkl
Douglas fir+A 1.5jkimno 20.9hijkl 2.0fgh 46.5|
Douglas fir+B 2.8ghijk 4.4abc 4.2cde 23.5cdefg
Douglas fir+C 0.8mno 22.7jkl 0.8hi 40.4jkl
Douglas fir+D 0.00 19.8ghijkl 1.2ghi 33.2fghijk
Hardwood 0.5n0 19.6ghijkl 0.5hi 42.7kl
Hardwood+A 2.0ijklmn 19.3ghijkl 1.5fghi 39.8jkl
Hardwood+B 4.5def 2.4abc 4.5bcde 19.4bcde
Hardwood+C 2.0ijklmn 23.41 0.5hi 39.4jkl
Hardwood+D 2.2hijkim 6.2bcd 4.5bcde 15.9bcd
PennMulch 5.0cde 12.9ef 4.2cde 28.9efghij
PennMulch+A 6.0bcd 10.6de 4.2cde 37.8hijkl
PennMulch+B 5.2cde 2.7abc 4.5bcde 22.4bcdef
PennMulch+C 7.2b 2.7abc 4.2cde 21.6bcdef
PennMulch+D 7.2b 1.5ab 4.8bcde 16.0bcd
Pine nuggets 6.5bc 6.0 bed 3.0efg 20.4bcde
Pine nuggets+A 3.2fghi 21.6ijkl 3.2def 40.7jkl
Pine nuggets+B 3.0fghij 5.1abc 4.5bcde 23.6cdefg
Pine nuggets+C 2.8ghijk 18.7hijkl 0.0i 46.8l
Pine nuggets+D 1.0lmno 19.0ghijkl 1.5fghi 40.9jkl
Rice hulls 2.5hijkl 16.2fgh 1.2ghi 33.4fghijk
Rice hulls+A 2.5hijkl 18.2ghijk 0.8hi 38.2hijkl
Rice hulls+B 5.0cde 1.9ab 5.0bcd 15.5bcd
Rice hulls+C 1.2klmno 16.7fghi 0.8hi 40.5jkI
Rice hulls+D 3.8efgh 4.9abc 4.2cde 17.5bcde
Oryzalin+Flumioxazin 2.2hijkim 6.0bcd 4.5bcde 18.7bcde
Geodisc 4.2efg 16.8fghi 4.5bcde 27.2defghi
Rout 10.0a 0.0a 9.2a 0.7a
Control 0.00 16.9fghi 0.0i 39.6jkl

?DAT = days after treatment.

YCodes for treatmenté: = 1x oryzalin, B = 1x flumioxazin, C = 0.5x oryzalin, D = 0.5x flumioxazin.
*Visual ratings based on a 0—-10 scale with 0 representing no control and 10 total weed control.
“Dry weight expressed in grams.

vSimilar letters in the same column are not significantliediht (LSD P< 0.05).

(Table 4). Only two treatments provided a visual rating of (34) found that pine straw and trifluralin applied together on
three or higher to boxwood in 2002, again both were-over pansies significantly reduced the number of flowers.
the-top sprays, SureGuard (4.6), and Surflan + SureGuard There was slight variation in the amount of damage be-
(3.2) (data not shown). tween 2001 and 2002 to golden vicary privéis was mainly
There were similarities for the two years that are crucial to caused by the size of the transplants. In 2001, some of the
the objectives of the researdfhe herbicide-treated mulch,  privets died because they could not recover from SureGuard
with the exception of pine nuggets + Surflan in 2001, reduced injury, but in 2002, the transplants were slightlg&rwhen
phytotoxicity visually compared to the respective ether sprayed and were capable of some recovergrnota et al.
top sprays (@bles 3 & 4). Howevenot all herbicide-treated  (5) found that phytotoxicity was greatest to spirea ‘Anthony
mulch combinations decrease phytotoxicity and it seems that Waterer at 1 and 2 weeks after treatment, but declined by 4
it is herbicide- (and possibly mulch) dependent. Fretz and weeks after treatment and similafeets were reported by
Dunham (1) found that petunia$€tunia hybridacv. White Wooten and Neal (33) on spirea ‘Goldmound'.
Cascade) were more damaged from the dichlobenil-treated peat This study shows that SureGuard and Surflan can be com-
moss than the owhe-top spray of dichlobenWooten et al. bined with diferent mulches for weed control to increase
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Table 3. Phytotoxicity visual ratings of Golden Vicary privet Table 4. Phytotoxicity visual ratings and dry weights for Golden
(Ligustrum x vicaryi) averaged acoss 45 and 15 days after Vicary privet (Ligustrum x vicaryi) averaged oved5 and 15
treatment in 2001 fom selected herbicides, mulch, herbicide- days aftertreatment in 2002 fom selected herbicides, mulch,
mulch combinations, Geodisc™, and condl. herbicide-mulch combinations, Geodisc™and control.

Treatment Visual rating¥ Treatment Visual rating¥ Dry weight*
A 2.4defgh A 1.1cd 27.8cdefg

B 2.8cdefgh B 5.0a 7.0a

C 1.9efgh C 1.1cd 26.9cde

D 5.8b D 2.8b 14.7b

Cocoa shells 2.1defgh Cocoa shells 1.0d 28.8cdefgh
Cocoa shells+A 1.5efgh Cocoa shells+A 1.1cd 27.2cdef
Cocoa shells+B 1.8efgh Cocoa shells+B 1.0d 28.5cdefg
Cocoa shells+C 1.5efgh Cocoa shells+C 1.0d 33.2defghijkl
Cocoa shells+D 2.5defgh Cocoa shells+D 1.0d 33.9efghijkl
Cypress 1.9efgh Cypress 1.0d 33.2defghijkl
Cypress+A 2.8cdefgh Cypress+A 1.1cd 30.5cdefghijk
Cypress+B 2.9cdefg Cypress+B 1.0d 36.7ijkl
Cypress+C 1.2fgh Cypress+C 1.1cd 25.1c
Cypress+D 1.8efgh Cypress+D 1.1cd 27.0cde
Douglas fir 1.0h Douglas fir 1.0d 37.2jkl
Douglas fir+A 3.0cdef Douglas fir+tA 1.0d 29.4cdefgh
Douglas fir+B 1.6efgh Douglas fir+B 1.0d 26.1cd
Douglas fir+C 2.9cdefg Douglas fir+C 1.0d 34.3fghijkl
Douglas fir+D 1.4fgh Douglas fir+D 1.0d 38.1l
Hardwood 2.2defgh Hardwood 1.0d 35.7hijkl
Hardwood+A 2.8cdefgh Hardwood+A 1.0d 34.4ghijkl
Hardwood+B 1.4fgh Hardwood+B 1.0d 31.3cdefghijkl
Hardwood+C 1.5efgh Hardwood+C 1.0d 29.2cdefgh
Hardwood+D 2.2defgh Hardwood+D 1.1cd 32.1cdefghijkl
PennMulch 1.5efgh PennMulch 1.1cd 37.4kl
PennMulch+A 1.1gh PennMulch+A 1.0d 34.0efghijkl
PennMulch+B 2.0defgh PennMulch+B 1.4c 32.2cdefghijkl
PennMulch+C 2.2defgh PennMulch+C 1.0d 29.6cdefghi
PennMulch+D 1.5efgh PennMulch+D 1.0d 34.6ghijkl
Pine nuggets 1.5efgh Pine nuggets 1.0d 29.2cdefgh
Pine nuggets+A 4.4bc Pine nuggets+A 1.0d 33.0defghijkl
Pine nuggets+B 3.2cde Pine nuggets+B 1.0d 30.2cdefghij
Pine nuggets+C 3.8cd Pine nuggets+C 1.0d 34.7ghijkl
Pine nuggets+D 2.0defgh Pine nuggets+D 1.0d 36.7ijkl

Rice hulls 1.0h Rice hulls 1.0d 30.7cdefghijk
Rice hulls+A 1.1gh Rice hulls+A 1.0d 31.4cdefghijkl
Rice hulls+B 1.1gh Rice hulls+B 1.1cd 27.2cde

Rice hulls+C 1.6efgh Rice hulls+C 1.0d 29.0cdefgh
Rice hulls+D 1.2fgh Rice hulls+D 1.1cd 31.1cdefghijkl
Oryzalin+flumioxazin 9.0a Oryzalin+flumioxazin 4.8a 5.0a
Geodisc 1.5efgh Geodisc 1.0d 28.1cdefg
Rout 1.4fgh Rout 1.0d 33.4efghijkl
Control 1.5efgh Control 1.0d 34.6ghijkl
“Codes for treatment&:= 1x oryzalin, B = 1x flumioxazin, C = 0.5x oryzalin, “Codes for treatment&:= 1x oryzalin, B = 1x flumioxazin, C = 0.5x oryzalin,

D = 0.5x flumioxazin. D = 0.5x flumioxazin.
Yisual ratings based on a 0-10 scale with 0 being no phytotoxicity and 10 YVisual ratings based on a 0-10 scale with 0 being no phytotoxicity and 10

death. death.
*Similar letters in the same column are not significantliedéht (LSD R *Dry weight expressed in grams.
0.05). wSimilar letters in the same column are not significantliedht (LSD <
0.05).
and extend the fi€acy up to 15 DAT and provide low in 2001. Unless granulars are hand applied, much of an ap-

phytoxicity compared to the respective ctee-top sprays. plication can be lost (14) making them not afcieint as
Extending weed control and reducing leachates would be very herbicide-treated mulches. On the other hand, herbicide
desirable for nursery managers. Knight et al. (18) reported treated mulch increases herbicidiécégncy by spraying only

that pine bark, pine straand newspaper mulch significantly  the taget mulch.They also ensure that optimum coverage
reduced leaching of pendimethalin, isoxaben, and metolachlorand drop size can be used in the process of spraying, increas-
by 35—-74%. Herbicide treated mulches appear to work like ing eficiency further (19)After spraying, the mulch can then
granulars; they work as herbicide carriers. For example, be placed in the desired environment (containers, landscapes,
BroadSar 0.17G (Mdlent U.S.A.) has the same active ingre- field nurseries, etc.) without the herbicide touching the de-
dient (flumioxazin) as SureGuawWiDG, but is labeled for sirable plant. For some herbicides like SureGuard which have
more crops because it has less foliar acti8yme mulches foliar activity, this significantly reduces phytotoxicitgince

in our study show superiority as herbicide slow-release car herbicide-treated mulch is placed only in the desired envi-
riers versus a traditional clay granular like Rout, especially ronment, this also alleviates-@iite movement of herbicides.
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Herbicide-treated mulches are a novel method of weed
control (22), combining two dirent control methods [chemi-
cal and physical (mulch)] to produce a positive interaction.
There needs to be more university research to tettive

weed control with reduced herbicide use to address the issue

of ground water contamination. More research on the-inter
actions of mulch x herbicides is required. Since no twe her
bicides are the same it follows that no herbicide x mulch
combination acts the santéerbicide-treated mulches have

15. Gilliam, C.H.,W.J. FosterJ.L.Adrain, and R.L. Shumack. 1999.

survey of weed control costs and strategies in container production nurseries.

J. Environ. Hort. 8:133-135.

16. Horowitz, M., and C.L. Elmore. 1991. Leaching of oxyfluorfen in
container medialVeedTech. 5:175-180.

17.Keese, R.J., N.D. Campdt Whitwell, M.B. Riley and FC.Wilson.
1994. Herbicide rundfrom ornamental container nurseries. J. Environ. Qual.
23:320-324.

18. Knight, PR., C.H. Gilliam, S.L. File, and D. Reynolds. 2001. Mulches
reduce herbicide loss in the landscape. Proc. Southern NAs®Ty Res.

the potential in commercial landscapes and nurseries to: 1) cont. 46:461-463.

help reduce ground water contamination; 2) increase appli-
cation eficiency because only the tggt mulch is sprayed;

3) lower chemical rates; 3) enhance and exteficael re-
ducing application frequencies and making proper timing of

applications easier; and 4) simplify and enhance the safety

of applications (compared to sprays).

Literatur e Cited

1. Ahn, J.K. and .M. Chung. 2008llelopathic potential of rice hulls
on germination and seedling growth of barnyardgfeg@nomy J. 92:162—
1167.

2. Barolli, S., J.FAhrens, and R. Gra005. Longevity of weed control
with herbicides for ornamental containers. Proc. North&estd Sci. Soc.
59:42.

3. Billeaud, L.A. and J.M. Zajicek. 1989. Influence of mulches on weed
control, soil pH, soil nitrogen content, and growth.igustrum japonicum
J. Environ. Hort. 7:155-157.

4. Calkins, J.B., B.TSwanson, and D.L. Newman. 199¢eed control
strategies for field grown herbaceous perennials. J. Environ. Hort. 14:221—
227

5. Czarnota, M.A., J.N. Barnegnd L.A.Weston. 2001. Evaluation of
weed control in three container grown ornamentals to flumioxazin. Proc. of
Southern Nursemgssn. Res. Conf. 46:427-432.

6. Darden, J. and J.C. Neal. 1999. Granular herbicide application
uniformity and eficacy in container nurseries. Proc. Southern Nursssy.
Res. Conf. 44:427-430.

7. Derr, J.FE 1994.Weed control in containegrown herbaceous
perennials. HortScience 29:95-97.

8. Dunham, C.WandT.A. Fretz. 1968. Licorice-root—diclobenil mulch
combination for control of weeds in boxwood plantings. Proc. Northeast
Weed Sci. Soc. 22:255-258.

9. Dunham, C.W E.M. Rahn, and.A. Fretz. 1967. Use of mulch

incorporated herbicides for control of weeds in new ground cover plantings.
Proc. NortheastVeed Sci. Soc. 21:190-195.

10. Fretz, T.A. 1973. Herbicide-impregnated mulches for weed control
in container nursery stock. Scientia Hort. 19:165-170.

11. Fretz,T.A. and C.WDunham. 1971The incorporation of herbicides
into omganic mulches for weed control in ornamental plantingAmkr.
Soc. Hort. Sci. 96:280-284.

12. Fretz,T.A., C.W. Dunham, and E.M. Rahn. 19@&e incorporation
of herbicides in @ganic mulches for use on ornamental plantings. Proc.
NortheasWeed Sci. Soc. 20:204-208.

13. Gallitano, L.B. andW.A. Skroch. 1993. Herbicide fedacy for
production of container ornamentalgeedTech. 7:103-11.

14. Gilliam, C.H., D.C. Fare, andl. Beasley1992. Nontaget herbicide
losses from application of granular Ronstar to container nurseries. J. Environ.
Hort. 10:175-176.

90

19. Mathers, H. and E. Ozkan. 2001. Herbicide treated mulches. Nursery
Management and Production 17(1):61-64, 66.

20. Mathers, H. 2002. Uncovering the truth about mulchies.Buckeye.
September:14-15, 17-18.

21.Mathers, H., N.Tuttle, and L.T Case. 2002. Examination of
ornamental weed control using microencapsulated herbicide-treated bark
mulches. Proc. Northeadfeed Sci. Soc. 56:78.

22. Mathers, H. 2003. Novel methods of weed control in containers.
HortTechnology 13:28-31.

23. Niekamp, J.WW.G Johnson, and R.J. Smeda. 1999. Broadleaf weed
control with sulfentrazone and flumioxazin in no-tillage soybéandine
Max). WeedTech. 13:233-238.

24. Ruter J.M. and N.C. Glaze. 1992. Herbicide combinations for control
of prostrate spge in containegrown landscape plants. J. Environ. Hort.
10:19-22.

25. Ruter J.M. and M.PGarber 1998. Measuring soluble salts and ph
with the pouthrough method. University of Gegpia Factsheet H-93-015.

26. Schnick, B., S.M. $wart-Wade, and @. Boland. 2002. 2,4-D and
Scleotina minorto control common dandelioweed Science 50:173-178.

27.Skroch W.A., M.A. Powell, T.E. Bilderback, and.HA. Henry 1992.
Mulches: durability aesthetic value, weed control, and temperature. J.
Environ. Hort. 10:43-45.

28.Simpson, C.V C.H. Gilliam, J.EAltland, GR. Wehtje, and J.L.
Sibley 2002. Postemgence oxalis control in contairgrown crops. Proc.
Southern Nursemssn. Res. Conf. 47:376-379.

29. Steel, R.GD and J.A.Torre. 1980. Principles and Procedures of
Statistics:A BiometricalApproach. 2 ed. McGraw Hill, Newrork, NY, S.
Louis, MO, San Francisco, CA. p 233-236.

30. Stamps, R.H. and C.A. Neal. 1990. Evaluation of dinitroaniline
herbicides for weed control in container landscape production. J. Environ.
Hort. 8:52-57.

31. Whitwell, T. and K. Kalmowitz. 1989. Control of prostrate gpr
(Euphorbia humistratpand lage crabgrassOigitaria sanguinali$ in
container growrllex crenata‘Compacta'with herbicide combinations. J.
Environ. Hort. 7:35-37.

32.Wooten, R.E. and J.C Neal. 2000. Evaluations of PennMulch™,

Wulpack™ and Geodisc™ for weed control in containers. Proc. Northeastern
Weed Sci. Soc. 54:96.

33.Wooten, R.E. and J.C. Neal. 2001. Pregyaprce weed control in
container ornamentals using flumioxazin. Proc. Southern Nukssry Res.
Conf. 46:425-426.

34. Wooten, R.E., J.C. Neal, and B.S. Clark. 2002e¢$ of Mulches
andTrifluralin on Pansy Performance. Proc. Southern Nur&ssn. Res.
Conf. 47:41-413.

J. Environ. Hort. 24(2):84—90. June 2006

$S900E 98] BIA §1-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



