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Abstract

> 0.56 kg ai/ha (0.5 Ib ai/A) provided excellent (100%) yellow woodsorrel control regardless of the time of year the treatment was
made. Diuron applications 1.12 kg ai/h@1.0 Ib ai/A) in fall and spring caused slight to no injury to dormant abelia, barbady
spirea. Plants leafed out normally in the spring after application and there waeremdd in growth 180 days after treatmentTRA
Application at 2.24 kg ai/h@.0 Ib ai/A) caused slight to no injury on abelia, moderate injury to spirea, and severe injury to barberry by
the following spring. Spring application to actively growing abelia and spirea caused slight to moderate injury from which plants
treated withs 0.56 kg ai’ha (0.5 Ib ai/A) completely recovered by 90D¥belia treated with 1.12 kg ai/lfa.0 Ib ai/A) were slightly
injured 90 DA, and spirea were moderately injured 90TDAbelia and spirea treated with 2.24 kg ai/a® b ai/A) were severely
injured with many dead plants 60 DA\ctively growing barberry treated with 0.28 kg ai(Ba25 Ib ai/A) remained moderately injured
by 90 DAT. Rates> 0.56 kg ai/ha (0.5 Ib ai/A) caused death to actively growing barberry by §0 DA

Index words: container production, postengence oxalis control.
Herbicide used in thisstudy: Direx 4L (diuron), 3-(3,4dichlorophenyl)-1,1-dimethyl urea.

Species used in this study: Edward GoucheAbelia (Abelia x ‘Edward Gouché), Crimson Pygmy BarberryBerberis thumbergii
atropurpurea ‘Crimson Pygmy’) AnthonyWaterer SpireaJpiraea x bumalda ‘Anthony Wateret), Yellow woodsorrel Qxalis stricta
L.).

Significanceto the Nursery Industry herbicides in particulamany growers are willing to accept
Results of this research indicate diuron has potential to Imited crop injury Eliminating a hand weeding process may

control yellow woodsorrel when applied postegesice over ~ 0€ an acceptable (cosfetive) trade-dffor limited crop
the top to dormant abelia, barbermmd spirea at rates as low  INury from which the crop recovers in a short time period.
as 0.56 kg ai/ha (0.5 Ib ai/A) while causing slight to no crop _ Oneé area where postergence-applied herbicides have
injury when applied as an over the top spray before active POtential is when nursery crops are egiey from oveswin-

growth of the nursery crop begins. Diuron provides growers tering. Co_nditions in late winter frequently favor develop_-
with an alternative to hand-weeding, especially when con- ment of winter weeds such as yellow woodsorrel and hairy

tainergrown plants are emging from oveswintering and bittercress (8), while the nursery crop is still dormant but the

yellow woodsorrel, a perennial weed that, while present Winter weed is actively growing postemegence herbicide
throughout summegrows best in spring and fall. with selective tolerance could provide growers economic

relief from a crop situation that requires hand weeding. Re-
cent research has demonstrated success with pogemer
i weed control in containggrown nursery crops.t&ies by
Consumers demand weed free container grown plants. pjtjand et al., (2, 3) evaluated Gallery (isoxaben) for
Labor for hand weeding of containers is expensive and in- nostemegence control of hairy bittercress. Gallery at 1.12
creasingly dificult to find. With increasing costs and declin- kg aj/ha (1.0 Ib ai/A) provided excellent control of small and
ing profit magins, growers have been forced to search for jntermediate size hairy bittercress, and a rate of 2.24 kg ai/ha
alternative weed control methods to reduce costs and Pro-(2.0 Ib ai/A) provided excellent control of ¢ger, flowering
duce an economically competitive weed free crop. Inthe past, hajry bittercress (3). Other research demonstrated Roundup
growers desired herbicides with broad-spectrum control and (glyphosate) and Finale (glufosinate) could control prostrate
crop safetyHowever many growers now accept herbicides  spyge when applied at 1.8 kg ai/ha (1.6 Ib ai/A) and 1.12 kg
that have tolerance in a few crops or that control a single gj/ha (1.0 Ib ai/A) respectivelwith minimal injury to two

Introduction

weed species, e.g., hairy bittercreSarglimine hirsuta L) liriope cultivars (4).
(2, 3), prostrate spge (Chamaesyce prostrata Ait.) (4), or Limited research evaluating postegemce control of yel-
yellow woodsorrelQxalisspp L) (16). With postemegence low woodsorrel Qxalisstricta L.) has been conducted in the

Southeastern Unitedt&es.Yellow woodsorrel is a peren-
nial weed that, while present throughout summews best

*Submitted for publication on March 10, 2006; in revised form September in spring and fallA 1990 survey of nurserymen reported

8, 2006. that yellow woodsorrel was considered to be among the most
2Magnolia Gardens Nurseiyaller, TX. difficult to control weeds in containgrown nursery crops
SProfessarDepartment of Horticulturéuburn UniversityAL; correspond- (10). While preemegence herbicide applications provide
ing author: <cgilliam@auburn.edu>. adequate control ddxalis spp. and other weeds from seed,
“ProfessarDepartment ohgronomy and Soilshuburn UniversityAL. no method is 100 percenfegtive (6, 14). Hand weeding is
SAlumni ProfessarDepartment of Horticulturéuburn UniversityAL. difficult due to weeds prolifically seeding and by favorable
SAssistant Professor of Horticulture, Oregdat& University growing conditions in container nurseries (8). Research by
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Four experiments were conducted to evaluate the tolerance of three landscape crops to over the top spray applications of dijron. Rates
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Holt and Chism (12) reported napthaleneacetic acid (NAA) Abelia was not actively growing at the time of treatment.
could be used to contr@xalis corniculata L. Several land- Spirea was dormant, retained only a few lower leaves and
scape crops had tolerance to NA&fplications; however had no leaf buds breaking. Barberry was leafless, and had
impractical rates of 8.4 kg ai/ha (7.5 Ib ai/A) were required very tight latent budsAt 30 DAT plants were top dressed

to provide adequate contréinother herbicide with poten-  with 8.0 grams of Osmocote 17N-3.1P-10K. In addition to
tial to provide postemgence control foOxalis species is rain of about 0.25 in (0.64 cm) 12 hours after treatment; over
diuron (11, 13).A Geogia grower found that over the top  head irrigation (0.3 in, 0.76 cm) resumed the day after treat-
applications of diuron provided excellent yellow woodsorrel ment application (18 hours after treatment).

control with slight to no injury on camellia (Mark Crawford, Experiment 3 was treated on October 15, 28WJlants
personal communication). Diuron and other photosynthesis were potted from liners in the spring (March) and there was
inhibiting herbicides are widely used and labeled for use on no new growth at the time of treatment. Overhead irrigation
winter dormant alfalfa (7, 18). Data from prior work showed (0.3 in, 0.76 cm) resumed the day after treatment application
that diuron provided excellent yellow woodsorrel control with (16 hours after treatment).

slight to no injury on camellia and liriope (16Ye specu- Experiment 4 was treated on March 12, 2003. One-year
lated that no injury was observed because the plants wereold plants were treated and all species had 10 replications
dormant at the time of treatmeiihe objective of this study  per treatmen#t the time of treatment, abelia had active ter
was to evaluate nursery crop tolerance to diuron based onminal growth, while barberry and spirea had opening leaf

the time of year and plant growth stage. buds with some leaves partially expanded. Overhead irriga-
tion (0.3 in, 0.76 cm) was withheld until 6 hours after treat-

Materials and Methods ment.

Four experiments were conducteddaburn University . .
AL, to evaluate diuron (Direx 4L) (Gfifi LLC, Valdosta, Results and Discussion
GA) for nursery crop tolerance based on time of application.  Influence of diuron on abelia. Diuron applied to dormant
Treatments for all experiments were applied with g ks@k- abelia in November 2001 (Expt. 1) and abelia in March 2002
pack sprayer equipped with an 8004 flat fan noZgelica- prior to active growth (Expt. 2) caused no injury deets

tions were made with a pressure of 1.41 k§{(@® psijand on growth indices at 180 OA(data not shownYpplica-
calibrated to deliver 340 liter/ha (40 gal/A). Substrate used tions of diuron in October 2002 to abelia at the end of a growth
in all experiments consisted of pine bark:sand (7:1, v/v) flush caused only slight injury with a quadratic rate response
amended per fr{iyd®) with 8.3 kg (14 Ib) of Osmocote 17N-  at 21, 30, and 60 DA(Table 1). Injury to abelia was ob-
3.1P-10K (17N-7P-12K Scotts Co., Marysville, OH ), 2.9 served only at the 2.24 kg ai/ha (2.0 Ib ai/A) and was charac-
kg (5.0 Ib) of dolomitic limestone, and 0.9 kg (1.5 Ib) of
Micromax (Scotts Co.)lreatments included diuron at 0.28,

0.56, 1.12, and 2.24 kg ai/ha (0.25, 0.5, 1.0, and 2.0 Ib ai/A) Table 1.

T Growth stageand injury rating of abelia treated with diuron.
and a non-treated control. Non-ionic surfactant (X-77, 9 juryreting

Loveland Industries, GreelfCO) at 0.25% (v/v) was also Not actively growing

included.All plants were grown in full sun. Unless other Rate GIY
wise noted all experiments had 8 replications per treatmentkga/ha — 21DAT*  30DAT ~ 60DAT  150DAT 180 DAT
arranged in a completely randomized design (CRD) with g 10 10 10 10 68.2
nursery crop species grouped separafehta collected in- 0.56 1.0 1.0 1.0 1.0 67.6
cluded visual nursery crop injury ratings at 15, 21, and 30 1.12 1.1 1.3 1.3 1.0 61.2
days after treatment (OA, and then monthly thereafter un- 2.24 13 e 18 1.0 66.1

til 150 DAT. The visual rating scale used was from 1 to 10,

where 1 equaled no injury and 10 equaled plant death (9). Nontreated 1.0 10 10 10 645
Growth indices ((height + widest width + perpendicular significancé  Q* Q+ Qr+ NS Q*
width) / 3) were taken at 180 DAIn all four experiments, : :

barberry had a natural infestation of yellow woodsolfek Rate Active growing state

low woodsorrel sizes ranged from 5 to 6 cm tall (some flow- /14 I5DAT 21DAT  30DAT  GODAT 90 DAT
ers) in Expt. 4 to 14 to 20 cm tall (flowering and setting

seed) in Expts. 1, 2 and\8isual yellow woodsorrel control 0.28 1.7 1.2 1.2 11 1.2
(0 = no control and 100 = complete control) was rated at 7, 0-56 2.3 13 1.2 3 1.2
14 and 21 DA. All data were analyzed with regression analy- %%ﬁ 2’$ ggx 2';}”” 3; 5&
sis and Dunnett'test where appropriate (15). ' ' ' ' ' '
Experiment 1 was treated on November 28, 2a8Dplants Non treated 1.0 1.0 1.0 1.0 1.0
were potted from liners in the spring. Spiré&pifaea x —— o "~ "~ "~ -~
bumalda ‘Anthony Wateref) and abelia Abelia x ‘Edward Significance L**Q L L L L

Gouchel) was grown in full gallons, and barberiBefberis
thumbergii atropurpurea ‘Crimson Pygmy’) was grown in
trade gallon containerAt the time of treatment, plants had
no new growth and were entering dormar@yerhead irri-
gz_itior_1 (0.3in, 0.76 cm) resumed the day after treatment ap- .. ron-treated (DunnesTest:a = 0.05).
pllcatlon_ (18 hours after treatment). NS, L, and Q represent not significant, linear and quadratic responses, re-
Experiment 2 was treated on March 15, 2002. One-year spectively* **,*** indicates significance at the 0.05, 0.01,and 0.001 level,
old plants similar to those used in experiment one were used.respectively

?Days after treatment.

YGrowth indices in cm ((height + widest width + perpendicular width) / 3).
*1 = no injury and 10 = death.

“Injury rating significantly higher than non-treated or Gl significanltly lower
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Table2. Growth stageand injury rating of barberry treated with diuron.

Not actively growing

Rate GlY
kg ai/ ha 15 DAT? 21 DAT 30 DAT 60 DAT 150 DAT 180 DAT
0.28 1.0¢ 1.8 2.2 3.0 1.0 33.w
0.56 1.0 2. 4.1v 6.4" 1.0 31.6
1.12 1.0 2.9 4.9 5.68" 1.0 33.5
2.24 1.9 3.0 4.4" 6.4" 8.8" 4.47
Non treated 1.0 1.0 1.0 1.0 1.0 34.5
Slgnlﬁcancé L***Q*** L** L***Q** L***Q* Q*** Q**
Not actively growing
Rate Gl
kg ai/ ha 15 DAT 21 DAT 30 DAT 60 DAT 150 DAT 180 DAT
0.28 1.6 2.5 2.6" 3.0 1.0 36.4
0.56 2.5 3.4 3.6" 4.3 1.0 35.3
1.12 3. 4.0¢ 5. 5.3" 1.0 35.9
2.24 4.0¢ 5.5" 6.4" 6.4" 9.6" 2.9
Non treated 1.0 1.0 1.0 1.0 1.0 37.6
Slgnlflcance L***Q*** L***Q*** L***Q*** L***Q*** L*Q*** Q**
Not actively growing
Rate
kg ai/ ha 15 DAT 21 DAT 30 DAT 60 DAT 90 DAT 150 DAT
0.28 1.0 1.0 1.0 1.0 1.0 1.0
0.56 1.0 1.0 1.0 1.0 1.0 1.0
1.12 1.0 1.0 2.0w 1.4 1.0 1.0
2.24 1.0 2.2w 4.5w 7.6w 7.1w 7.1w
Non treated 1.0 1.0 1.0 1.0 1.0 1.0
Significance NS L* Lxxx LxQ*+* L*Qx** LrQ+*
Active growing state
Rate
kg ai/ ha 15 DAT 21 DAT 30 DAT 60 DAT 90 DAT 150 DAT
0.28 1.0 1.0 1.4 33 5.1 —u
0.56 1.1 1.3 3.5 9.1v 10.0¢ —
1.12 1.3 1.6 3.8 9.6" 10.0¢ —
2.24 2.2v 5.00 6.6" 10.0¢ 10.0¢ —
Non treated 1.0 1.0 1.0 1.0 1.0 —
Slgnlflcance L*** L***Q*** L***Q* L***Q*** L***Q***

?Days after treatment.

YGrowth indices in cm ((height + widest width + perpendicular width) / 3).

*1 = no injury and 10 = death.

“Injury rating significantly higher than non-treated or Gl significantly lower than non-treated (Dsfiasttt = 0.05).

NS, L, and Q represent not significant, linear and quadratic responses, respéctivetyindicates significance at the 0.05, 0.01,and 0.001 level, respec-
tively.

“Data at 150 days after treatment noted by ‘—’ indicates all plants except non-treated were dead.

terized by a slight chlorosis on terminal leaves, possibly from non-treated abelia 60 DAHowever growers would
caused by the leaves’ tendency to cup upward and hold thestill be advised to test these rates on a small number of plants
spray solution. Howevethe following spring there was no  to determine if the low ratesfef suitable control. Rates of
observable injury on any abelidbelia growth indices re- 1.12 kg ai/ha (1.0 Ib ai/A) and higher caused moderate injury
sponded in a quadratic manner howegeswth indices were throughout the test characterized by extensive chlorosis and
similar among all diuron treated plants to non-treated plants. some leaf senescence. Injury to abelia treated in March with
Diuron application to actively growing abelia treated in March 2.24 kg ai/h#2.0 Ib ai/A) was moderate (4.8) 15 DAow-
2003, caused slight injury at 0.56 kg ai(@& Ib ai/A) and ever by 60 and 90 DRinjury ratings had increased to severe
was characterized by terminal leaf chlorosis. Plants treatedinjury (7.3 and 7.6, respectively) characterized by extensive
with the two lowest rates recovered and were ndéerift necrosis (die back) and death.
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Table3. Growth stageandinjury rating of spireatreated with diuron.
Not actively growing
Rate GlY
kg ai/ ha 21 DAT? 30DAT 60DAT 150DAT 180DAT
0.28 1.0¢ 1.0 1.0 1.0 46.8
0.56 13 1.3 13 1.0 40.8
1.12 1.5 15" 1.2 1.0 44.7
2.24 2.1v 2.6" 3.5 1.0 42.9
Non-treated 1.0 1.0 1.0 1.0 45.3
Significancé  Q*** Qr** Qr** NS NS
Active growing state
Rate
kg ai/ ha 15DAT 21 DAT 30DAT  60DAT  90DAT
0.28 1.0 1.0 1.0 1.3 11
0.56 1.0 1.0 1.3 24 14
112 1.0 1.2 2.y 4.3v 5.0"
2.24 2.00 2.9 6.6" 9.5v 10.0¥
Non-treated 1.0 11 1.1 14 1.9
S|gn|f|cance L***Q*** L***Q*** L***Q** L*** L***

ZDays after treatment.

YGrowth indices in cm ((height + widest width + perpendicular width) / 3).
*1 = no injury and 10 = death.

“Injury rating significantly higher than non-treated or Gl significantly lower
than non-treated (Dunnetifest:a = 0.05).

NS, L, and Q represent not significant, linear and quadratic responses, re-
spectively

*xx +x indicates significance at the 0.05, 0.01, and 0.001 level, respec-
tively.

Influence of diuron on barberry. Diuron application to
dormant barberry in November 2001 caused slight initial in-
jury, which progressed to moderate injury by 60I¥Aable
2). Injury was characterized by mgaral necrosis and early
onset of senescendéhe following spring (150 DR), plants
treated with 1.12 kg ai’ha (1.0 Ib ai/A) or less leafed out nor
mally and were similar to non-treated plants. Barberry treated
with 2.24 kg ai/havas severely injured with numerous dead
plants. Growth indices for barberry treated with 1.12 kg ai/
ha (1.0 ai/A) or less were similar to non-treated plants. Diu-
ron application in March 2002, caused no injury on barberry
treated with 0.56 kg ai/ha (0.5 Ib ai/A) or less. Barberry treated
with 1.12 kg ai/h@1.0 ai/A)had slight injury while plants
treated with 2.24 kg ai/ha (2.0 ai/A) exhibited moderate in-
jury by 30 DA characterized by leaf bud necrogis.60
DAT, barberry treated with 1.12 kg aifia0 ai/A) had com-
pletely recovered, while with plants treated with 2.24 kg ai/
ha (2.0 ai/A) had increased to a severe rafipglication of
diuron in October 2002 to barberry resulted in slight to mod-
erate injury at 15, 21, and 30 DAwith injury responding
linearly and quadratically to diuron rate. Barberry injury was
characterized by leaf chlorosis and necrosis, followed by early

onset of senescence in plants treated with 1.12 and 2.24 kg

ai/ha(1.0 and 2.0 ai/A)The following spring, barberry leafed
out normally except for plants treated with 2.24 kg d2h@
ai/A) which continued to exhibit severe inju@nly plants
treated with 2.24 kg ai/ha (2.0 ai/A) had growth indices lower
than non-treated plants at 180 DActively growing bar
berry treated in March 2003 had slight initial injury which
progressed to severe injury and death on all ptezased

240

with 0.56 kg ai/ha and higher 60 DAPlants treated with
0.28 kg ai/ha (0.25 Ib ai/A) had moderate injury by 60rDA
Injury was characterized by partially expanded leaves and
buds turning necrotic and stem die baEkese data are in
contrast to data from Expt. 2 when plants were treated about
the same time of the year the previous y&pring-like

weather in late January and February 2003 caused many plants

to leaf out sooner than the prior y€Hne resultant injury to
barberry is consistent with research conducted on alfalfa with
substituted ureas where dormant alfalfa was not injured and
plants that were actively growing at the time of treatment
were injured (7, 18)These data suggest that dormant plants
have a greater tolerance to diuron than actively growing
plants.

Influence of diuron on spirea. Diuron applied to dormant
spirea in November 2001 (Expt. 1) and spirea in March 2002
prior to active growth (Expt. 2) caused no injury deefs
on growth indices at 180 OAdata not shown). Spirea treated
with diuron in October 2002, were slightly injured by diuron
at 21 and 30 DA (Table 3) characterized by chlorosis on a
few leaves, primarily at the 1.12 and 2.24 kg ai/ha (1.0 and
2.0 Ib ai/A) rates. Spirea plants leafed out normally in the
spring, and there was nofgifence in growth 180 DRcom-
pared to non-treated plants. For actively growing spirea
treated in March 2003, diuron caused slight injury at 2T DA
to plants treated with 1.12 kg ai/ffa0 Ib ai/A) and severe
injury to plants treated with 2.24 kg ai/ha (2.0 Ib ai/A) 30
DAT characterized by chlorosis on partially expanded leaves.
By 60 and 90 DA plants treated with 1.12 kg ai/ha (1.0 Ib
ai/A) retained the same chlorosis; howey#ants treated
with 2.24 kg ai/ha declined and were severely injured and
deadAlthough treated on almost the same day of the year as
Expt. 2, the plants in Expt. 4 were beginning to actively grow
due to spring-like weather in February 2003 whereas plants
treated in 2002 (Expt. 2) were ndhese data suggest that
spirea and abelia have greater tolerance to diuron than bar
berry.

Yellow woodsorrel control within barberry. Diuron pro-
vided excellent yellow woodsorrel control over all four ex-
periments (@ble 4). Rates of 0.56 kg ai/ha (0.56 Ib ai/A) and
higher provided excellent (100%) yellow woodsorrel con-

Table4. Effect of diuron on oxalis control in container-grown

barberryz.
Days after treatment
Rate
kg ai/ ha 7 14 21
0.28 35 58 82
0.56 42 77 100
1.12 50 84 100
2.24 66 94 100
Non treated 0 0 0
Significancé L*** L***Q*** L***Q***

?Data were pooled over four experiments treated in the fall or spring in 2001—
2003.

Y0 = no control and 100 = complete control.

*NS, L, and Q represent not significant, linear and quadratic responses, re-
spectively; *,** *** indicates significance at the 0.05, 0.01,and 0.001 level,
respectively
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trol regardless of the time of year 21 DAhe 0.28 kg ai/ha
(0.25 Ib ai/A) rate provided good control at (82%) 21TDA
Analysis revealed no experiment by treatment interactions,
therefore data were pooled across all experiments.

In summarythese data show that diuron provides excel-
lent yellow woodsorrel control at 0.56 kg ai/ha (0.5 Ib ai/A)
when applied postengence to tolerant nursery crof$ie
risk of crop injury increases greatly if rates over 1.12 kg ai/
ha(1.0 Ib ai/A) are appliedddditional crop tolerance may
be achieved when plants are not actively growing (i.e., late
fall or early spring), or as reported Byrens et al. (1) by
irrigating soon after application is madehton reported that
light intensity afected substituted urea phytotoxicity (5).
Light intensity is generally lower in winter months and so
this may also have anfe€t on nursery crop tolerance. Other
research has shown that the postgmece activity of diu-

5. Ashton, FM. 1965 Relationship between light and toxicity symptoms
caused by atrazine and monurdveeds 13:164-168.

6. Berchielli D.L., C.H. Gilliam, and D.C. Fare. 1988. Evaluation of
preemegence herbicides for control 6kalis dillenii Jacq. in a pinebark—
amended medium. HortScience 23:170-172.

7. Cary M.S. and J.F3ritzke. 1979Tolerance of established alfalfa to
various herbicides. Proceedings of the 3®ndual Meeting of the Southern
Weed Science Society 32:39.

8. Cross, B. andW.A. Skroch. 1992. Quantification of weed seed
contamination and weed development in container nurseries. J. Environ.
Hort. 10:159-161.

9. Frans, R., RTalbert and D. Marx. 1986. Experimental design and
techniques for measuring and analyzing plant responses to weed control
practices.In: Research Methods Weed Science. N.D. Camper (ed.).
Champaign, IL: SoutheM/eed Science Soc. pp 29-46.

10. Gilliam, C.H.,W.J. FosterJ.L.Adrian, and R.L. Shumack. 1998.

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

ron can be increased with the addition of non ionic surfactant J- Environ. Hort. 8:133-135.

(12, 17).Whether or not surfactant is used may also have an

affect on crop tolerance. Prior unpublished work by the au-

thors has shown diuron without surfactant had moderate ac-

tivity (57 to 74% control with 1.12 kg ai/ha) against yellow
woodsorrel. Diuron, more commonly used as a directed or
preemegence applied herbicide in cotton, alfalfa and in fruit

orchards, is not currently registered for use in nursery crops.
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