Mulch Depth Affects Weed Germination?
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container nurseries.

Abstract

With environmental concerns increasing, non-chemical weed control in container plant production is increasing in the United States.
Pine bark mini-nuggets were evaluated as a non-chemical weed control technique for two weed species; Chamaesyce maculata (L.)
Small (spotted spurge) and Eclipta alba (L.) Hassk.(eclipta). On June 19, 2006, seed (25 per container) were directly placed on the
potting substrate surface of #3 containers before mulching with pine bark mini-nuggets to a depth of either 0, 1.27 or 2.54 cm (0, 0.5
or 1.0 in). Additional treatments consisted of applying the mini-nugget mulch at either 1.27 or 2.54 ¢cm (0.5 or 1.0 in) on the potting
substrate then overseeding with either spotted spurge or eclipta. Eclipta number per container were 87% less 60 days after seeding
(DAS) with the 1.0 in mulch depth compared to non-mulched. Furthermore, spotted spurge fresh weight (FW) was reduced by 45 and
87% (0.5 and 1.0 in, respectively) compared to the non-mulched treatment. The experiment was repeated on August 30 and spurge
number per container was 90% less 60 DAS in the 1.0 inch mulch treatment compared to the non-treated containers. A third and
fourth experiment also demonstrated that pine bark mini-nuggets have potential to provide non-chemical weed control in nursery
crops grown in #3 containers. Results, suggest that with proper application pine bark mini-nuggets can enhance weed control in

Index words: pine bark mini-nuggets, container production, non-chemical control.

Significance to the Nursery Industry

For many years pine bark mini-nuggets have provided
successful weed control in the landscape. Pine bark is read-
ily available, economical, and aesthetically acceptable to
consumers. Our results showed that pine bark mini-nuggets
as a mulch can enhance weed control in container-grown
nursery crops. Therefore, potential to reduce herbicide use
in nursery production with mini-nugget mulch exists. Cur-
rent practice for nursery growers is to reapply herbicides
as often as every six weeks or after scouting for weeds;
often making five or more applications annually. Herbicide
applications could potentially be reduced by utilizing pine
bark mini-nuggets.

Introduction

Traditionally, weed control during nursery production
has been managed through hand weeding and/or herbicides.
However increased labor cost has made hand-weeding cost
prohibitive as the sole method of weed control (11, 14).
With these increased labor costs, herbicides have become
widely accepted as a means for weed control (10). However,
environmental concerns over chemical weed control have
encouraged the nursery industry to evaluate alternative weed
control options (19). Preventing weed growth with the use
of non-chemical control methods has been steadily on the
increase since the early 1990s in European countries (20).
In the United States, non-chemical control methods were
re-addressed in 1984 after herbicide resistance became an
issue (2). Ryan (27) first reported herbicide resistance in
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common groundsel (Senecio vulgaris) to atrazine and simaz-
ine. Warwick (29) stressed the importance of non-chemical
weed control after discovering more than 100 herbicide
resistant species. Rao (24) reported an increase of herbicide
resistance in a 10-year span equal to that reported by Holt
and LeBaron (13) of insecticide resistant biotypes over a
50-year span. Relying merely on herbicides for weed control
can lead to herbicide resistant weeds (17). Recommendations
have been made to rotate herbicides with different modes of
action (MOAs) (12, 17). By using several MOAs, herbicide-
resistant weeds are less likely to develop. Furthermore, if
not controlled, herbicide resistance can lead to an increase
in herbicide use as a result of inadequate weed control with
current herbicides (17).

Non-chemical weed control programs can help reduce
herbicide reliance (16). Common practice in many nurseries
such as those in Oregon is to use mulches as a form of weed
control for herbicide sensitive crops or in enclosed areas (1).
In theory applying mulch over a soil surface or substrate
prevents light passage (15), which can prevent the seed of
some weed species from germinating (4). One key to hav-
ing a successful weed control program is to prevent habitats
that are conducive for weed germination and growth. This is
particularly important in container-grown crops where water
and light conditions are favorable for weed growth. Once
weeds infest container-grown crops they become competi-
tors with the marketable crop for water, light and nutrients
(3) and can reduce the growth of container-grown nursery
crops (7, 14). Furthermore, container plants infested with
weeds are less marketable than weed-free containers (21).
Billeaud and Zajicek (5) used pine bark nuggets for weed
control in a field study and reported fewer weeds compared
to the control (no mulch). Additionally, the suppression of
weed growth reduced moisture loss through transpiration and
allowed the soil surface layer to stay moist longer (26). Lohr
and Pearson-Mims (18) showed pine bark mulch reduced
water use during the early stages of growth of ‘Impulse
Rose’ impatiens when grown in 19.0 cm (7.5 in) azalea pots.
Duryea et al. (9) analyzed the chemical make up of several
mulches including pine bark and concluded that pine bark,
based on subsidence, decomposition, allelopathy, soil pH and
color change, ranked in the top three landscape mulches. Ad-
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ditionally, large particle size and hydrophobic properties of
fresh pine bark are not conducive for weed germination (25).
Richardson et al. (25) reported reduced oxalis and bittercress
numbers in large containers (#7) when pine bark mini-
nuggets were applied to a depth of either 3.8 or 7.62 cm (1.5
or 3 in). In terms of numbers, the vast majority of container
grown nursery crops in the south are produced in #1 and #3
gallon containers which have a limited volume. Therefore,
our objective was to evaluate pine bark mini-nugget mulch
as a form of weed control in #3 gallon containers.

Materials and Methods

Experiment 1. On June 19, 2006, at the Paterson Green-
house Complex, Auburn University, Auburn, AL (zone 8),
#3 containers were filled with pine bark:sand (6:1, by vol),
amended with 6.35 kg:m™ (14 lbs-yd) of 17-6-12 (17N-2
.6P—10K) Polyon (control-release fertilizer), 2.27 kg'm 3 (5.0
Ibs'yd=) of dolomitic lime, and 0.89 kg'm= (1.5 lbs-yd=) of
Micromax, and irrigated with overhead impact sprinklers.
Pine bark mini-nuggets were obtained from a local supplier
for $16/yd®. Pine bark mini-nuggets had a particle size dis-
tribution of: 11% between 2.54 and 5.08 cm (1-2 in), 68%
between 1.27 and 2.54 cm (Y2—1 in), 14 % between 0.64 and
1.27 em (%Y in), and 7% was less than 0.64 cm (% in).
Two weed species, spotted spurge (Chamaesyce maculata)
and eclipta (Eclipta alba), were evaluated in a separate set
of containers. Each container was overseeded with 25 seed
of the respective weed. Weed seed had been collected the
previous summer and stored overwinter at 1.1C (34F). An
augmented factorial treatment arrangement was used. The
first four treatments consisted of two mulch depths, 1.27
and 2.54 cm (0.5 and 1.0 in), and two weed seed placements
(above and below mulch). The fifth and final treatment was
seeded but not mulched. The experiment was conducted as
a completely random design. After treatment application,
containers were placed in full sun under overhead irrigation
and irrigated again. Weed number was recorded at 15, 30,
and 60 days after seeding (DAS) and weed fresh weight was
collected 60 DAS.

Preliminary data analysis which addressed the factorial
arrangement and excluded the non-mulched fifth treatment,
revealed that weed growth was significantly influenced by the
main effect of both mulch depths and weed seed placement
(P < 0.05). Consequently, individual treatment means are
presented and Duncan’s Multiple range test (P = 0.05) was
used to separate individual treatment means (28).

Experiment 2. This experiment was a repeat of Experiment
1. On August 30, 2006, containers were filled and overseeded
with spurge or eclipta at 25 seed per container. Weed number
was recorded at 15, 30, and 60 DAS and weed fresh weight
was collected 60 DAS.

Experiment 3. Work was initiated on April 25, 2006, at
Tom Dodd’s Nursery in Mobile, AL. Three weed control
techniques were evaluated on newly potted #5 Pinus taeda
(loblolly pine) containers in a commercial nursery; pine bark
mini-nugget mulch was applied to a depth of 3.81 or 7.62 cm
(1.5 or 3.0 in), or Showcase (5 Ibs-aia™) (200 Ibs product-A™)
herbicide applied at initiation of study, no weed seed were
sown. Containers were placed in the field in full sun under
overhead impact irrigation. Data collected included percent
coverage at 30 and 60 days after treatment (DAT), weed
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number at 30, 60, and 150 DAT and initial and final height
and caliper measurements [1.27 cm (1.0 in) above media].

Experiment 4. This study was initiated at the Ornamen-
tal Horticulture Research Station in Mobile, AL on April
21, 2006, when #1 liners (llex sp. and Buddleia davidii
‘Lochnich’) were potted into #3 squat containers using a
3:1 pine bark:peat moss substrate amended with 6.1 kg'm™
(13.5 Ibs'yd?) 15-9—-12 (15N-3.9P-10K) Osmocote Plus, 2.7
kg'm= (6 Ibs'yd?) dolomitic limestone, and 0.9 kg'm= (2
Ibs'yd?) gypsum. The same three weed control techniques
described in Experiment 3 were initiated on April 25, 2006.
Containers were placed in the field under overhead impact
irrigation, no weed seed were sown. Data collected included
initial growth indices (height + width + perpendicular width
+ 3) and growth indices 170 DAT, weed number at 30 and
60 DAT, and percent container surface weed coverage at 30,
60, and 170 DAT.

Results and Discussion

Experiment 1 — Eclipta. Eclipta number per container
was less in mulched containers compared to non-mulched
containers (Table 1). This is a typical response when using
mulch as a form of weed control (6, 23). Eclipta number
per container were similar regardless of whether seed was
placed below or above the mulch. Our data was similar to
previous research, indicating that an increase in thickness
of mulch improves weed control (5, 22, 27). Fifteen and 30
DAS, weed number was reduced by 67 and 57% in the 1.27
cm (0.5 in), and 99 and 93 % in the 2.54 cm (1.0 in) mulch,
respectively, compared to the non-mulched treatment. Sixty
DAS, weed number was reduced by 54 and 87% in the 1.27
and 2.54 cm (0.5 and 1.0 in) mulch, respectively, compared
to the non-mulched treatment. Eclipta fresh weight (FW) was
significantly less in both mulching depths; 49 and 89% in
1.27 and 2.54 c¢cm (0.5 and 1.0 in), respectively, compared to
the non-mulched treatment. Mulching to a depth of 2.54 cm
(1.0 in) resulted in better weed control compared to mulch
applied at 1.27 cm (0.5 in) on all dates. Additionally, there
was an interaction between placement of seed and mulch
depth in FW of eclipta (Table 2). Eclipta seed placed below
2.54 cm (1.0 in) of mulch had less FW compared to all other
treatments.

Experiment 1 — Spurge. Regardless of seed placement,
spurge number was less in both treatments compared to the
non-mulched control (Table 1). Spurge numbers per container
were greater for seed placed below the mulch at 30 and 60
DAS compared to seed placed above the mulch. While spurge
FW was not significant with seed placement (P = 0.05), FW
tended to be greater when seed were placed below the mulch.
Applying 2.54 cm (1.0 in) mulch resulted in reduced weeds
compared to applying 1.27 cm (0.5 in). Fifteen DAS spurge
number was reduced by 61 and 99% in the 1.27 and 2.54 cm
(0.5 and 1.0 in) mulch, respectively, compared to the non-
mulched treatment. Thirty and 60 DAS spurge number was
reduced by 55 and 45% in the 1.27 cm (0.5 in) and 92 and
74% in the 2.54 ¢m (1.0 in) mulch, respectively, compared
to the non-mulched treatment.

At both 15 and 30 DAS an interaction was detected be-
tween mulch depth and seed placement (Table 2). There was
no difference in spurge number when mulch depth was 2.54
cm (1.0 in), regardless of seed placement. However, at the

J. Environ. Hort. 27(2):85-90. June 2009

SS900E 93l) BIA /1-/0-G20Z 1e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



Table 1. Main effect means of pine bark mini-nugget mulch to control eclipta and spurge, Experiment 1.

Eclipta Spurge
Weed number Fw? Weed number FW

Experimental variable 15 DASY 30 DAS 60 DAS 60 DAS 15 DAS 30 DAS 60 DAS 60 DAS
Placement of seed*

Below mulch 1.6 1.8 1.6 304.0 2.4 2.8 3.6 269.2

Above mulch 1.4 2.6 2.1 343.6 0.6 1.3 23 166.7
Mulching depth

0.5 inch 2.9 3.7 2.9 529.6 2.9 35 4.1 354.0

1.0 inch 0.1 0.6 0.8 118.1 0.1 0.6 1.9 81.9
Non-mulched™ 8.9 8.1 6.3 1040.4 7.5 7.8 7.4 644.5
ANOVA main effects: probability

Placement 0.641 0.172 0.383 0.543 0.001 0.005 0.125 0.063

Mulch depth <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.013 <0.001

Interaction 0.485 0.458 0.110 0.005 0.002 0.035 0.070 0.002
“Fresh weight (grams).

YDays after seeding.

*Eclipta or spurge overseeded @ 25 seed per container below or above mulch.

YWeeds were seeded directly onto the potting substrate, no mulch applied.

1.27 e¢m (0.5 in) mulch depth, spurge numbers were greater
when seed were sown below the mulch. Similarly, spurge
fresh weights were more than doubled when spurge seed were
sown below (494.9 gm) the 1.27 cm (0.5 in) mulch compared
to fresh weights of seed sown above (213.2 gm) the 1.27
cm (0.5 in) of mulch. Although not statistically significant,
spurge fresh weights tended to be greater at the 2.54 cm (1.0
in) mulch depth (120.2 gm) when seed were sown above the
mulch compared to seed sown below the mulch (43.6 gm).
Our results concur with previous work that demonstrated
that spurge seed buried deeper than 1.27 cm (0.5 in) do not
germinate well (8).

Experiment 2 — Eclipta. Similar to the first experiment,
eclipta numbers were similar regardless of seed placement
(Table 3). For example, eclipta number was reduced by 56,
37, and 56% (below mulch) and 65, 41, and 62% (above
mulch) at 15, 30, and 60 DAS, compared to the non-mulched,
respectively. Applying mulch to a depth of 2.54 ¢cm (1.0 in)

resulted in 85% less eclipta per container compared to the
non-mulched containers and 76% less than the 1.27 cm (0.5
in) application, 15 DAS. Whereas the 1.27 cm (0.5 in) ap-
plication reduced eclipta number by 36% compared to the
non-mulched treatment. Similar trends followed at 30 and 60
DAS; 63 and 79% reduction compared to the non-mulched
and 56 and 64% reduction compared to the 1.27 cm (0.5 in),
respectively. Eclipta FW was similar with below and above
mulch seed placement. However, mulch applied to a depth
of 2.54 cm (1.0 in) resulted in significantly less FW (35.1 g)
compared to both the non-mulched (339.4 g) and the 1.27 cm
(0.5 in) (176.5 g) mulch application. There was no interaction
effect between placement of seed and mulch depth.

Experiment 2 — Spurge. Similar to Exp. 1, spurge num-
bers tended to be greater when seed were placed below the
mulch; however it was significant only at 30 DAS (Table 3).
Spurge number was less, regardless of placement of seed,
compared to the non-mulched. When seed was placed below

Table 2. Preformance of selected individual treatments using pine bark mini-nuggets, Experiment 1.

Eclipta Spurge

Treatment Weed number FW: Weed number FW
Placement’ Depth 15 DAS* 30 DAS 60 DAS 60 DAS 15 DAS 30 DAS 60 DAS 60 DAS
Below 0.5 — — — 606.6b" 4.6b 4.8b — 494.9a
Below 1 — — — 1.4d 0.1c 0.8d — 43.6¢
Above 0.5 — — — 452.5b 1.3¢ 2.3¢ — 213.2b
Above 1 — — — 234.7¢ 0.0c 0.4d — 120.2bc
Non-mulched” 0 — — — 1040.4a 7.5a 7.8a — 644.5a

“Fresh weight (grams).

YEclipta or spurge overseeded @ 25 seed per container below or above mulch.

*Days after seeding.

“YMeans within a column with different letters are significantly different, according to Duncan’s Multiple Range test (¢=0.05).

“Weeds were seeded directly onto the potting substrate, no mulch applied.
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Table 3. Main effect means of pinebark mini-nuggets to control eclipta and spurge, Experiment 2.

Eclipta Spurge

Weed number Fw~? Weed number FwW

Experimental variables 15 DASY 30 DAS 60 DAS 60 DAS 15 DAS 30 DAS 45 DAS 60 DAS 60 DAS

Placement of seed*

Below 8.7 5.9 6.2 117.03 3.6 7.6 5 33 8.4

Above 7 5.6 5.3 94.6 1 2.1 34 22 3.1
Mulching depth

1/2 inch 12.7 7.9 8.4 176.5 4.1 8.3 7.3 43 9.2

1 inch 3 3.5 3 35.1 0.4 1.4 1.2 1.2 2.3
Non-treated™ 19.8 9.5 14.1 3394 22.6 13.1 20.1 12.5 103.3
ANOVA main effects: probability

Seed placement 0.538 0.791 0.389 0.452 0.216 0.026 0.268 0.176 0.245

Mulch depth 0.001 0.001 <0.0001 <0.0001 0.079 0.006 0.000 0.000 0.136

Interaction 0.665 0.318 0.773 0.499 0.413 0.098 0.964 0.687 0.864
“Fresh weight (grams).

YDays after seeding.

*Eclipta or spurge overseeded @ 25 seed per container either below or above mulch.

YWeeds were seeded directly onto the potting substrate, no mulch applied.

mulch, spurge number per container was reduced by 84%
compared to the non-mulched, and 96% less when spurge
seed was placed above mulch, 15 DAS. Applying 2.54 cm (1.0
in) mulch resulted in fewer spurge numbers per container at
30 and 60 DAS compared to the 1.27 cm (0.5 in) mulch by 83
and 72%. However, both mulch depths resulted in less weed
number compared to the non-mulched; 82, 37, and 68% [1.27
cm (0.5 in)] and 98, 89, and 90% [2.54 cm (1.0 in)] at 15, 30,
and 60 DAS, respectively. Applying mulch, regardless of seed
placement or mulch depth, reduced spurge FW compared to
non-mulched containers by more than 90%.

Experiment 3. No weeds were observed at 30 or 60 DAT
in pine bark mulch or Showcase treatments, with the excep-
tion of 60 DAT Showcase treatment (13.3) (Table 4). Weeds
in the Showcase treatment were primarily small bittercress
that had just begun to germinate. Percent coverage of the
containers revealed that only about 5% of the container
surface was covered with weeds in the Showcase treatment
versus 42% in the non-treated control. At 150 DAT, weed

numbers in mulch treatments were less than Showcase
and non-treated treatments. End of the season (150 DAT)
there were 70 and 82% [3.81 and 7.62 cm (1.5 and 3.0 in),
respectively] less weeds in the pine bark mulch compared
to the non-treated control. Showcase treated containers had
similar weed numbers to mulched containers at 30 and 60
DAT compared to the non-treated containers. However at
150 DAT mulched containers had less weed numbers than
Showcase and the non-treated containers. Regardless of
weed control technique, loblolly pine height and caliper were
similar compared to the non-treated.

Experiment 4. Statistically there were less weeds and lower
percent weed coverage in all three weed control techniques
at 30 and 60 DAT, regardless of plant species, compared to
the non-treated (Table 5). At the end of the season, hollies
had 26% less weed coverage in the pine bark mulch [3.81 cm
(1.5 in)], 77% less coverage in the pine bark mulch [7.62 cm
(3.0 in)], and only 7% less weed coverage in the Showcase
treatment, compared to the non-treated control. Buddleia had

Table 4. Influence of mulch and Showcase on weed control in container-grown Pinus taeda loblolly pine, Experiment 3.

Weed number?

Percent coverage’ Height* Caliper”

Treatment Rate 30 DATY 60 DAT 150 DAT 30 DAT 60 DAT 15 DAT 150 DAT 15 DAT 150 DAT
Pine bark mulch 1.5" 0.0b" 0.0b 2.9b 0.0b 0.0b 42.0a 154.3a 7.0a 25.2a
Pine bark mulch 3.0" 0.0b 0.0b 1.7b 0.0b 0.0b 43.7a 153.2a 7.3a 23.2a
Showcase® 200 1b/A 0.0b 13.3b 8.7a 0.0b 5.5b 45.1a 137.6a 7.7a 23.2a
Non-treated — 7.0a 36.4a 9.6a 2.6a 42.5a 43.6a 148.8a 8.0a 25.0a

“Weed number per container (mainly bittercress).

YPercent weed coverage per container (0—100%).

*Height (cm).

VCaliper (mm).

'DAT = days after treatment.

“Means within a column with different letters are significantly different, according to Duncan’s Multiple Range test (o = 0.05).
‘Research was conducted at Tom Dodd Nurseries, Semmes, AL.

*Showcase = 5.0 lbs aia (isoxaben 0.25%, trifluralin 2.0%, oxyfluorfen 0.25%)
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Table 5. Influence of mulch and Showcase on weed control in container-grown nursery crops, Experiment 4.

Weed number? Percent coverage’ GI
Treatment Rate 30 DATY 60 DAT 30 DAT 60 DAT 170 DAT 10 DAT 170 DAT
Holly
Pine bark mulch 1.5" 0.5b" 2.7¢ 0.8b 10.5b 72.5b 34.6a 67.6ab
Pine bark mulch 3.0" 0.0b 0.5¢ 0.0b 5.2b 22.5¢ 30.6a 75.9a
Showcase 200 1b/A 0.1b 21.1b 0.1b 25.0b 91.7ab 33.8a 66.4ab
Non-treated — 17.0a 44.0a 38.5a 78.3a 98.3a 33.7a 59.4b
Buddleia
Pine bark mulch 1.5" 0.0b 1.8b 0.0b 2.0b 2.0b 39.1a 82.9a
Pine bark mulch 3.0" 0.0b 0.0b 0.0b 0.0b 0.0b 41.9a 75.1a
Showcase 200 1b/A 0.2b 0.7b 0.2b 3.5b 3.5b 41.9a 80.9a
Non-treated — 23.3a 29.3a 13.5a 41.7a 41.7a 42.5a 76.5a

“Weed number per container: holly (pigweed, phyllanthus, oxalis, spurge, bittercress) buddleia (oxalis).

YPercent weed coverage per container (0—-100%).
*Growth indices (height + width + perpendicular width / 3).
“Days after treatment.

"Means within a column with different letters are significantly different, according to Duncan’s Multiple Range test (o = 0.05).

“Research was conducted at Mobile Ornamental Research Station, Mobile, AL.

less weed coverage in all treatments (170 DAT) compared
to the non-treated; 95% in the pine bark mulch [3.81 cm (1.5
in)], 100% in the pine bark mulch [7.62 cm (3.0 in)], and 92%
less weed coverage in the Showcase treatment. Mulched or
Showcase-treated buddleia or holly had equal to or better
growth indices than non-treated plants at the end of the study.
This data supports that reduced weed growth improves the
crop growth by alleviating competition between weeds and
the marketable crop (3).

Results indicate pine bark mini-nuggets applied to a depth
of 1.27 cm (0.5 in) or greater can significantly reduce eclipta
and spurge numbers in a #3 gallon container-grown crop with
the 2.54 cm (1.0 in) depth providing the best control. Our
results were similar to Broschat (6) who reported that weed
seedlings can be suppressed by mulches. In Experiments 1
and 2 spurge number was greatly reduced compared to non-
mulched containers. Increased spurge numbers when spurge
seed were placed below 1.27 cm (0.5 in) mulch suggest that
mulch applied at potting may be more effective than when
applied during the growing season to recently hand weeded
containers unless mulch is applied to a depth of 2.54 cm
(1.0 in). With eclipta, seed placement had no effect on weed
numbers throughout the test. When comparing mulched
containers to containers treated with Showcase, mulched
containers had similar or better weed control. Experiments
3 and 4 demonstrate the weed control potential of mulching
in situations typically found in commercial nurseries when
producing in #3 containers. While weed control was not
100%, weed numbers were about 80% less in the 7.62 cm
(3.0 in) treatments compared to non-treated containers and
crop growth was not affected by these mulch depths. These
data are comparable to that of Richardson et al. (25) who
reported that season long oxalis and bittercress control were
obtained with 7.62 cm (3.0 in) of pine bark mulch without
affecting growth of three different nursery crops. Control in
our test was not 100%, however, spurge and eclipta are dif-
ficult summer weeds to control in the South. As we look to
the future these data show that mulching #3 containers can
reduce weed numbers without impacting plant growth and
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may have a place in future production practices, especially
in nurseries that are in environmentally sensitive locations
or for growers that may want to grow organically.

Literature Cited

1. Altland, J.A. and M. Lanthier. 2007. Influence of container mulches
on irrigation and nutrient management. J. Environ. Hort. 25:234-238.

2. Appleby, A.P. 2005. A history of weed control in the United States
and Canada — a sequel. Weed Sci. 53:762-768.

3. Berchielli-Robertson, D.L., C.H. Gilliam, and D.C. Fare. 1990.
Competitive effects of weeds on the growth of container-grown plants.
HortScience 25:77-79.

4. Bewley, J.D. and M. Black. 1994. Seeds — Physiology of
Development and Germination, 2™ ed. Plenum Press, New York.

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

6. Broschat, T.K. 2007. Effects of mulch type and fertilizer placement
on weed growth and soil pH and nutrient cover. HortTech. 17:174-177.

7. Case, LT., H.M. Mathers, and A.F. Senesac. 2005. A review of weed
control practices in container nurseries. HortTech. 15:535-545.

8. Cudney, D.W., C.L. Elmore, and A. Sanders. 2002. Spotted spurge.
Univ. of Cal. Ag. Natural Res. Jan. 7445.

9. Duryea, M.L., R.J. English, and L.A. Hermansen. 1999.
A comparison of landscape mulches: Chemical, allelopathic, and
decomposition properties. J. Arboriculture 25:88-97.

10. Everest, JW., C.H. Gilliam, and K. Tilt. 1998. Weed control for

commercial nurseries. Al. Coop. Ext. Sys. Auburn University. Oct.
ANR-465.

11. Gilliam, C.H., W.J. Foster, J.L. Adrain, and R.L. Shumack. 1990.
A survey of weed control costs and strategies in container production
nurseries. J. Environ. Hort. 8:133-135.

12. Hamill, A.S., J.S. Holt, and C.A. Mallory-Smith. 2004. Symposium.
Contributions of weed science to weed control and management. Weed
Technol. 18:1563—1565.

13. Holt, J.S. and H.M. LeBaron. 1990. Significance and distribution
of herbicide resistance. Weed Technol. 4:141-149.

14. Judge, C.A.,J.C. Neal, and J.B. Weber. 2004. Dose and concentration
responses of common nursery weeds to Gallery, Surflan and Treflan. J.
Environ. Hort. 22:106—112.

89

SS900E 93l) BIA /1-/0-G20Z 1e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



15. Juroszek, P. and R. Gerhards. 2004. Photocontrol of weeds. J. Agron.
Crop Sci. 190:402—-415.

16. Kempenaar, C. and L.A.P. Lotz. 2004. Reduction of herbicide use
and emission by new weed control methods and strategies. Water Sci.
Technol. 49:135-138.

17. Kudsk, P. and J.C. Streibig. 2003. Herbicides — a two edged sword.
European weed research society. Weed Res. 43:90-102.

18. Lohr, V.I. and C.H. Pearson-Mims. 2001. Mulching reduces water
use of containerized plants. HortTech. 11:277-278.

19. Mathers, H.M. 2003. Novel methods of weed control in containers.
HortTech. 13:28-34.

20. Melander, B., I.A. Rasmussen, and P. Barberi. 2005. Symposium.
Integrating physical and cultural methods of weed control — examples
from European research. 53:369-381

21. Norcini, J.G. and R.H. Stamps. 1994. Container nursery weed
control. Florida Coop. Ext. Serv., Inst. Food and Agr. Serv., Univ. of
Florida. Circa 678.

22. Ozores-Hampton, M. 1998. Compost as an alternative weed control
method. HortScience 33:938-940.

90

23. Penny, G.M. and J.C. Neal. 2003. Light, temperature, seed burial,
and mulch effects on Mulberry Weed (Fatoua villosa) seed germination.
Weed Technol. 17:213-218.

24. Rao, V.S. 2000. Principles of Weed Science; Herbicide resistance
and genetic engineering. 2" ed. Science Publishers Inc., Enfield NH, USA.
Printed in India. Pg 305.

25. Richardson, B.M., C.H. Gilliam, G.R. Wehtje, and G.B. Fain. 2008.
Pine bark mini-nuggets provide effective bittercress and oxalis control. J.
Environ. Hort. 26:144-148.

26. Robinson, D.W. 1988. Mulches and herbicides in ornamental
plantings. HortScience 23:547-552.

27. Ryan, G.F. 1970. Resistance of common groundsel to simazine and
atrazine. Weed Sci. 18:614-616.

28. SAS Institute. 2003. SAS/STAT User’s Guide: Release 9.1 ed. SAS
Inst., Cary, NC.

29. Warwick, S.I. 1991. Herbicide resistance in weedy plants: Physiology
and population biology. Annu. Rev. Ecol. Systems 22:95-114.

J. Environ. Hort. 27(2):85-90. June 2009

SS900E 93l) BIA /1-/0-G20Z 1e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



