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Abstract

An experiment was conducted in 2005 and repeated in 2006 to determine the influence of mulch products and controlled release
fertilizer (CRF) placement on irrigation and nutrition requirements of contgio@m crops. Hydrangedlydrangea macrophylla
‘Fasan’and ‘Endless Summ@rmwere grown in 2.7 liter (#1) containers with CRF placed above or below the mulch. Non-mulched
controls were also maintained. Mulch products included geotextile discs, coco discs, plastic discs, hazelnut shells, sawdust, Bjiotop, and
crumb rubberHydrangea growth, plant qualifipliar color, and foliar nutrition were measured, as well as water loss from containers.
Controlled release fertilizer placed below mulch resulted getaplants with higher quality ratings and foliar N levels compared|to

CRF placed above the mulch, and similar or superior size, quality and foliar N compared to non-mulched cAft@imensecting
for differences in plant size, there were few and mindemihces in water loss from hydrangea between mulched and non-mulched
containers.

Index words: alternative weed control, non-chemical weed control, disc, controlled release fefélizizer placement.

Significanceto the Nursery Industry Products used or with potential for use in the Pacific North-

Preemegence herbicides are the primary tools used for West (PNW) region of the Unitedaes and Canada include;
weed control in container production. Howevereemer geotextile discs, coco discs, plastic discs, haze@ary{us
gence herbicides cannot be used in every production situa-2Vellana) shells, Biotop, sawdust, and crumb rubber
tion, most notably on herbicide-sensitive species or in en- Geotext|_le d|s_cs are anon-woven polypropylene fabric coated
closed production areas where herbicides are not labeled.O" One side with cupric hydroxide. Coco-discs are a byproduct
There are several commonly used alternatives to preemer Of coconut Cocos nucifera) processing where longer fibers
gence herbicides including discs and mulches made from a&'€ extr_acted from the coconut fruit pith and used for making
wide variety of natural and synthetic materials. Covering the WE€d discs among many other products (brooms, door mats,

container surface with any material may require changes in &t¢-)- Coco discs are approximately 0.6 cm (0.25 in) thick.
some aspects of the production and maintenance of containet azeinut shells are a byproduct of processing nuts from that
nursery crops, in particular fertilization and irrigation prac- tree anqi crushed to a particle size <0.6 cm (0.25 in). PI‘"?‘S“C
tices. Data herein demonstrated that controlled release fertil-We€d discs have been manufactured with several designs,
izer (CRF) placement below the mulch product produced Put most are composed of a thin but rigid plastic material
plants with similar or greater size, plant qualipd foliar that covers the container surface, with preformed holes for

nutrition compared to non-mulched plants. Placement of CRF @ and water infiltration. Biotop is mulch composed of starch
above the mulch product reduced plant size and quality com-and plant fibers used throughout Oregdfashington, and

pared to placement below mulch or non-mulched crops. British C(_)Iumbia. Sawdust_in__the PNW is primarily f_rom
Mulch products caused few or minorfdiences in water ~ Douglas fir Pseudotsugamenziesii) trees and can be obtained

loss from hydrangea compared to non-mulched controls, N & variety of particle sizes. Crumb rubber is produced by
mechanically removing the steel radials from tires, then shred-

ding the rubber portions. Crumb rubber can be processed in
) i . batches of dferent particle size <0.6 cm (0.25 inN)eed
Weeds in container systems are commonly controlled with control eficacy has been evaluated for geotextile discs (6,
preemegence herbicides; howeyeerbicides are notaccept- 13, 15, 16), coco discsX), hazelnut shells (19), plastic discs
able in every situation. Some crops such as hydramfiea ( (g, 11), Biotop (9, 1), sawdust from Douglas fir treeslj1
drangea macrophylla) and azaleaRhododendron obtusum) and crumb rubber (7).
are sensitive to preengance herbicides (17), and no There are advantages and disadvantages to all methods of
preemegence herbicide is labeled for use inside enclosed chemical and non-chemical weed control (2, 6). Many Or
structures such as greenhouses. Nursery growers in Oregorgon nursery producers have adopted one or more of the pre-
frequently use mulches for weed control among herbicide- yjgysly mentioned alternative weed control methatiih
sensitive crops or inside enclosed structures (personatobser gqoption of these methods, questions have arisen about

Introduction

vation). changes in irrigation and fertilization practices to account
_ o , _ for anticipated changes in evapotranspiration (ET) rates and
‘Received for publication May 1, 2007; in revised fokogust 3, 2007. potential nitrogen (N) immobilization. Some research has

Mention of proprietary products or company is included for the r&sader

convenience and does not imply any endorsement or preferential treatmentaddressed ET rates from mulched container substrates (p”'

by USDA/ARS. marily peat-based) and found that water loss is reduced when
2FormerlyAssistant Professor of Horticulture, Oregdat8 University; cur the container Surface is covered (4, 1.2)- Hovv,eMedma et

rently Research Horticulturist for the USDA-ARSWooster OH. al. (14) reported little or no evaporation from 57 liter (#15)
3Nursery advisor for CropHealtkdvising & Research, Kelowna, B.C. containers in pot-in-pot culture; transpiration was the pri-
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mary factor driving water loss. Glenn et al. (8) demonstrated substrate surface and oven-drying them at 60C (106F) for 72
that recycled paper mulch with high carbon (C):N would im-  hr.

mobilize some fraction of a topdressed CRith greater The experiment was repeated in 2006 with the following
immobilization when CRF was placed above the mulch com- changes. Containers were filled March 15, 2006, with 100%
pared to below the mulch. Douglas fir bark amended with 1.8 kg/i§8 Ib/yc?) dolo-

Due to increased use of alternative weed control methods mitic lime and 0.9 kg/m(1.5 Ib/yd) Micromax micronutri-
in Oregon, and the relative lack of information on how these ents. Containers were potted with ‘Endless Summgiran-
mulch products &ct irrigation and nutrition practices, the gea Hydrangea macrophylla). A 17N—-2.6P—-9.9K (Apex 17—
objective of our research was to 1) evaluate the influence of 6-12, 12 to 14 month release, Simgiotf and Horticulture,
commonly used mulch products on water loss, and 2) evalu- Lathrop, CA) CRF was topdressed either above or below
ate placement of topdressed CRF on plant growth and nutri- mulch products at a rate of 16 g/container (0.56 oz/container).

tion. Due to lack of availabilityBiotop and crumb rubber were
not included; geotextile discs€Xel USA, Inc., Henderson,
Materials and Methods NC) and hazelnut shells were addétere were 15 single

_plant replications_ per treatment cpmbin_ation. Data collected
‘Fasan’) were potted from 10 cm (4 in) pots into 2.7 liter included growth indices and quality ratindsdnd 18NAP.

(#1) containers using a 4:1 Douglas fir bark:sphagnum peat Plant water loss was determinedW8P using eight single

moss substrate (v/v) amended with 1.8 Kgfanlblycf) do- container replications. Foliar samples were collectayAB
lomitic lime, 2.2 kg/m (3.8 Ib/yd) gypéum and 0.9 kgAn and analyzed similarly to experiment 1, but using five single

(1.5 Ib/ycf) Micromax micronutrients (The Scotts Co., container replicationsThe experiment was terminated 27
Marysville, OH). Hydrangeas were approximately 13 cm (5 AP (September 22, 2006) by measuring hydrangea SDW
in) tall and 5 cm (2 in) wide at the time of potting. Nitrogen Data were subjected to ana_ly3|s of variance using the gen-
(N), phosphorus (P), and potassium (K) were topdressed in €8l linéar model procedure in SAS (SKBrsion 8, SAS
the form of Osmocote 15N—-3.9P-9.9K (15-9-12 Northern, Institute, QaryNC), correlation a”?'y.s'.& regression analy-
8 to 9 month releas&he Scotts. Co.) CRF at 19 g/container S and Fishés protected Ieast.5|gn|f|cant fdifence test
(0.67 oz/container), either above or below the mulch. Mulch (LSD, @ = 0.05) where appropriatiater loss data were
products included sawdust [<0.6 cm (0.25 in)], coco discs subjected to anaIyS|s of covariance to adjust for the influ-
(Timm Enterprises, Oakville, Ontario, Canada), plastic discs €MC€ Of plant size on water loss. Least squared means of water
(Terra Link,Abbotsford, British Columbia, Canada), Biotop loss in mulched containers, adjusted for plant growth index,
(Plantech Control System#/hite Rock, British Columbia, were cqmpared to non-mulched controls using the Dunnett-
Canada), and crumb rubber [0.6 cm (0.25 in)] (Magnum In- HSU adjustment.
dustries, Regina, Saskatchewan, Canakf&gr potting, hy- . .
drangeas were grown in a retractable roof greenhouse with Results and Discussion
the roof remaining open at all times. Hydrangeas were grown  2005. By 4WAP, hydrangea growth index wadedted by
with an overhead irrigation system applying water twice daily mulch type and fertilizer placement, but the interaction was
at 0.6 cm (0.25 in) per irrigation event. Plants were arranged not significant (&ble 1).When averaging across fertilizer
in a completely randomized design with 16 single-container placement, only Biotop reduced hydrangea growth index
replications per treatmenill containers were maintained  compared to non-mulched contréd&ross mulch types, hy-
weed free via periodic handweeding. drangea with CRF placed below the mulch wergdacom-
Data collected included growth indices [(height + width + pared to those with CRF placed above (p < 0.0001), and simi-
width) + 3] and a subjective quality rating on a scale from 0 lar to non-mulched controls (p = 0.255his differs from
to 10 (0 = lowest quality and 10 = highest quality) measured observations by Glenn et al (8) who reported shoot dry weight
4 and 15 weeks after potting AN). Water lost in a 24 hour  of two species of petunidPétunia floribunda ‘Midnight
period was measured 4 and\AB\P by weighing containers MadnessandP. grandiflora ‘Ultra Blue’) were reduced with
after saturating with irrigation, then allowing containers to CRF placement either above or below a recycled paper muich,
dry for 24 hr (irrigation and rain withheld) in their previ- compared to non-mulched controls. Quality ratings for all
ously described production environment before weighing plants 4WAP were similar to non-mulched plants with the
again.Weather conditions 4 and MAP were clear with exception of those mulched with Biotop (regardless of CRF
high temperatures of 27 and 33C (81 and 93F), respectively placement) and sawdust (CRF applied below mulch).
Water loss was calculated as the initial plant weight minus  Foliar N, Rand K were décted by an interaction between
the final plant weight (after 24 hiVater loss was measured mulch type and fertilizer placement. Foliar N and P were
on six single-plant replications per treatment. Recently ma- lower when CRF was placed above Biotop, coco discs, and
tured leaves from three single-plant replications were col- crumb rubberbut not afected by placement among contain-
lected 4WAP and analyzed for N,, K, Ca, Mg, S, B, Fe, ers treated with sawdust and plastic discs. Glenn et al. (8)
Mn, Cu, and Zn. Foliar N was determined by combustion reported that CRF placement with respect to mulch had no
analysis using a 1500 N analyzer (Carlo Erba, Milan, Italy). effect on foliar N compared to non-mulched controls in two
The remaining nutrients were determined by inductively petunia specieall treatments relative to non-mulched con-
coupled plasma-emission spectrometry (ICP) (Thermo Jarrel trols responded similarly with respect to foliar N andrii
Ash, Ofenbach, Germany). Foliar chlorophyll content was across all treatments the two variables were highly corre-
measured 1WAP with a SRD-502 chlorophyll meter lated (r = 0.783, p < 0.001, n = 33) with a linear relationship
(Minolta, RamseyNJ). The experiment was terminated 15 (P=0.064 x N + 0.076). Diérences in N and &ross treat-
WAP (September 6, 2005) at which time hydrangea shoot ments could have been caused by either nutrient immobili-
dry weight (SDW) was measured by severing shoots at the zation from the mulch or reduced fertilizer release rates from

On May 25, 2005, hydrangeddydrangea macrophylla
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Tablel. Growth and water loss for hydrangea potted in a Douglas fir bark substrate, covered with various mulch products, and topdressed with
controlled release fertilizer placed either above or below the mulch product, 2005.

4 \WAP* 15 WAP
Growth
Fertilizer indexr  Quality N P K Water  Growth Quality  Water
Product placement  (cm) rating” (%)™ (%) (%) loss' (L)  index rating loss(L) SPADY SDW (g)
Biotop above 7.7 6.4 2.1 0.23 2.3 0.13 155 9.2 0.25 40.3 32.9
below 8.7 9.0 2.8 0.30 2.4 0.15 17.6 9.5 0.27 44.9 49.6
Coco disc above 8.4 9.2 2.9 0.26 2.4 0.14 15.8 8.9 0.23 39.8 37.6
below 9.3 9.6 35 0.31 2.2 0.17 17.9 9.4 0.30 45.2 52.2
Plastic disc above 8.6 9.3 3.3 0.30 2.5 0.13 16.1 8.9 0.23 41.8 40.4
below 9.0 9.7 3.4 0.28 2.0 0.14 17.6 9.4 0.29 44.4 45.1
Crumb rubber above 8.4 9.3 2.3 0.19 1.8 0.14 15.6 8.7 0.23 38.5 37.4
below 9.4 9.6 3.2 0.28 1.8 0.15 17.2 9.1 0.32 42.5 53.4
Sawdust above 8.8 9.6 3.2 0.27 1.8 0.15 17.4 9.6 0.29 43.3 47.3
below 9.2 8.8 3.1 0.27 2.1 0.17 17.1 9.4 0.33 43.0 54.6
Control 9.5 9.9 3.2 0.27 1.9 0.17 17.8 9.4 0.31 42.8 52.1
LSD (0.05) 0.8 0.7 0.4 0.04 0.3 0.03 1.3 0.5 0.06 3.8 7.8
P-values
Contrast statements
Above vs. contrél <0.001 <0.001 0.007 0.190 0.043 0.004 0.001 0.044 0.004 0.1650.001
Below vs. control 0.255 0.059 0.798 0.368 0.121 0.166 0.563 0.755 0.530 0.430 0.704
Above vs. below <0.001 0.001 0.000 0.001 0.384 0.008 <0.001 0.004 <0.001 <0.001 <0.001
Mulched vs. control 0.012 0.002 0.107 0.823 0.062 0.026 0.035 0.223 0.064 0.754 0.016
Main efects
Mulch type 0.035 <0.001 <0.001 0.013 <0.001 0.057 0.413 0.012 0.100 0.319 0.009
Fertilizer placement <0.001 0.001 0.000 0.001 0.384 0.008 <0.001 0.004 <0.001 <0.001 <0.001
Interaction 0.631 <0.001 0.008 0.007 0.028 0.650 0.051 0.31 0.374 0.260 0.114

ANeeks after potting; hydrangea were potted May 25, 2005.

YGrowth index = (height + width + width)/3.

*Quality rating on a scale from 0 to 10 where 0 = plant with poor vigor and foliar color and 10 = vigorous plant with dark foliar color
“N, B and K are the percent nitrogen, phosphorus, and potassium in hydrangea foliage, expressed as a percent of dry matter (n = 3).
YWater loss was measured as the weight of container and plant after saturation minus its weight 24 hours later

USFAD-502 chlorophyll meter (Minolta, RamseyJ).

'Shoot dry weight of hydrangea plants severed at the soil line.

sAbove and Below are in reference to fertilizer placement with respect to the mulch product.

the CREFoliar K among plants receiving a mulch treatment Table2. hegﬂ squared mean?%fwat_ef '053('[)hff0m CO”tai“ef('jQVOVQ
was similar to or higher than non-mulched containers. ydrangea grown with various mulch treatments, adjust

Mulch type afected water loss from containers avAP for plant size
(p =0.057), although dérences were relatively smalcross Water lossin 24 h (L)
mulch treatments, water loss was less in containers with CRF
placed above mulch products compared to below (p=0.008). 2005 2006
However water loss was more a function of plant size than product 4 WAP? 15 WAP 16 WAP
CRF placementWater loss was correlated to plant growth
index (r=0.451, p <0.001, n = 68). Controlled release fertil- Biotop 0.15 0.27 —
izer placement below mulch products generally resulted in Coco disc 0.16 0.27 0.23
larger plants, which in turn transpired more wat@rlysis E'r?fr;'g ?L'Jsbcber 8'12* 8'38 0.23
of covariance was used to compare water loss in mulched ggyyqust 0.16 0.30 0.28
containers to non-mulched, adjusted for plant growth index Hazelnut shells — — 0.28
(Table 2). Containers covered with the plastic discs and crumb Geotextile disc — — 0.24
rubber lost less water than non-mulched containers, althoughcontrol 0.17 0.29 0.27

differences were relatively small. ANeeks after pottina: hvd ted May 25. 2005 and March 15
By 15WAP, mulch type did not &ct hydrangea growth 2082.5 after potting: nydrangea were potied May 2=, and Mareh 25,

index, althoth déct of fertilizer placement was similar to *Indicates a significant diérence between the mulch treatment and non-

that described WAP. Foliar N, Pand K were not measured  mulched controls, according to Dunnet-Hsu comparisons of adjusted means

15WAP, howevey SRAD readings followed a trend similar (o = 0.05).
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to that for foliar N at 4VAP. Others have documented strong  Similar to the 2005 experiment, water loss was highly corre-
correlation between 3 and foliar N in other crops (18, lated to plant size (r = 0.837, p < 0.001, n = 8&ter loss
20). Similar to AVAP, water loss at 19VAP was correlated among mulched containers was similar to non-mulched con-
to growth index (r = 0.743, p < 0.001, n = 66) and thus pri- trols after adjusting for plant sizegBle 2) At the conclusion
marily a function of plant size. No mulch treatment reduced of the studySDWof hydrangea responded to mulch type and

water loss compared to non-mulched control¢/AP (Table fertilizer placement. Dferences in SDWvere greater in re-

2). At the conclusion of the study hydrangea SDwith re- sponse to fertilizer placement, in that CRF placement above
spect to CRF placement, responded similarly to growth in- mulch products greatly reduced plant growth. Shoot dry weight
dex at 4 and 1BVAP. differences followed a similar trend to that observed in the

2005 study (in response to fertilizer placement), although dif-
2006. Hydrangea in this experiment responded similarly ferences in 2006 were more pronouncHte release inter

to those in 2005, thus for brevity only data collectetVié vals for the CRF formulations used in 2005 and 2006 were 8
will be presented and discussed. Fertilizer placed below mulchto 9 months and 12 to 14 months, respectivihe slower
products increased plant growth compared to non-mulched release rate of the CRF used in 2006 likely exacerbated dif-
plants while placement above the mulch reduced plant growth ferences in plant response from fertilizer placement.
(contrast analyse$able 3). Quality ratings, ® readings, Medina et al., (14) reported little or inconsequential evapo-
and foliar N all followed a similar general trend in that plac- ration across ten species of shade tree growing in 57 liter (15
ing CRF below the mulch products resulted in improved plant gal) containers in pot-in-pot culturéhey concluded water
performance compared to nhon-mulched controls, while place- loss from these containers was due to transpiration and pri-
ment above the mulch product reduced plant performance. marily a function of canopy size and structure. Substrate in
Foliar P did not respond to treatment and foliar K was greater the study described by Medina et al. were comprised prima-
when CRF was placed above mulch products compared torily of Douglas fir bark. Other substrate types may respond
placement below (p = 0.001). Lack of response in foliar P differently Argo and Biernbaum (4) demonstrated covering
could have been caused by use of gediht CRF product. several peat-based substrates with a plastic evaporation bar

Table3. Growth and water loss of hydrangea 16 weeks after potting (WAP) in a Douglasfir bark substrate, covered with various mulch products,
and topdressed with controlled release fertilizer placed either above or below the mulch product, 2006.

Mulch Fertilizer Growth Quality Nw P K Water
product placement  index? (cm) rating SPAD~ (%) (%) (%) loss’ (L) SDW" (g)
Coco disc Above 18.2 2.6 26.6 1.6 0.23 2.1 0.14 16.1
Below 33.1 4.4 42.2 2.7 0.22 1.5 0.32 60.3
Plastic discs Above 15.7 2.6 21.6 1.1 0.26 1.7 0.12 9.6
Below 34.2 4.6 43.1 2.5 0.21 1.3 0.30 65.0
Sawdust Above 24.0 3.8 35.9 2.5 0.20 1.9 0.26 38.4
Below 30.4 4.0 40.0 2.6 0.23 1.6 0.31 55.8
Hazelnut shell Above 24.2 35 32.7 2.6 0.25 2.1 0.27 459
Below 34.4 4.4 41.7 2.8 0.25 1.7 0.35 62.3
Geotextile Above 22.4 3.4 35.0 2.3 0.18 1.7 0.18 30.3
Below 29.0 4.1 39.6 2.8 0.22 1.6 0.27 49.4
Control 27.1 3.9 37.3 2.5 0.20 1.7 0.26 44.0
LSD (0.05) 3.6 0.4 4.1 0.5 NS 0.5 0.04 7.4
P-values

Contrast statements

Above vs. contrél <0.001 <0.001 <0.001 0.018 0.503 0.193 0.000 <0.001
Below vs. control <0.001 0.006 0.015 0.247 0.485 0.562 0.004 <0.001
Above vs. below <0.001 <0.001 <0.001 <0.001 0.960 0.001 <0.001 <0.001
Mulched vs. control 0.685 0.425 0.351 0.506 0.475 0.704 0.562 0.816
Main efects
Mulch type 0.008 0.005 0.001 <0.001 0.352 0.191 <0.001 <0.001
Fertilizer placement <0.001 <0.001 <0.001 <0.001 0.960 0.001 <0.001 <0.001
Interaction <0.001 <0.001 <0.001 0.001 0.454 0.624 <0.001 <0.001

’Growth index = (height + width + width) / 3.

YQuality rating on a scale from 0 to 10 where 0 = plant with poor vigor and foliar color and 10 = vigorous plant with dark foliar color
*SFAD-502 chlorophyll meter (Minolta, RamseyJ).

“N, B and K are the percent nitrogen, phosphorus, and potassium in hydrangea foliage, expressed as a percent of dry matter (n = 5).
YWater loss was measured as the weight of container and plant after saturation minus its weight 24 hours later

uShoot dry weight of hydrangea plants severed at the soil line, measuM&P27

‘Above and Below are in reference to fertilizer placement with respect to the mulch product.
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rier reduced the number of irrigation events and total applied While this research was conducted on CRF applications at
water in Easter liliesL{lium longiflorum). They suggested potting, it is reasonable to suggest that CRF applications that
peat fibers act as a wick, moving substrate moisture to the occur later in the production cycle will be similarlyeaited

container surface. Substrates used in our studies containedy placement with respect to mulch product. Results of this

20 and 0% peat moss in 2005 and 2006, respectiaaty research are based on production of a relatively fast grow-
were composed primarily of Douglas fir bark which lacks ing, lage leaf species in a relatively small contaistower
the capillarity and wicking properties of peat (3). growing crops, or crops grown in ¢gar containers may re-

Another factor that could lead to féifent interpretations ~ spond diferently
of how mulch products fdcted water loss rates is canopy .
coverage of the substrate surface. Lohr and Pearson-MimsL iterature Cited
(1? dema?PStrated thait p(;lor to CfanOpy CtQU.BpE?[..tlentSI(m-_ 1. Allison, FE. and C.J. Klein. 1961. Comparative rates of
pa 1ENS Wi erana) require _more requentirrigation to main- decomposition in soil of wood and bark particles of several softwood species.
tain 40% container capacity when not mulched compared to proc. Soil Sci. Somer. 25:193-196.
containers mulched with either plne bar_k (_)r Sthig”_Um peat. 2. Altland, J.E. 2004. Kindemgentler weed control. Digger 48(3):29—
After canopy closure, plants required similar irrigation fre- 3.
guency regardless of mulch. Our StUdy used hydrangea as g Altland, J.E. 2006. Container no-brainBigger 50(1):24-27.

the te|St plant which have gﬁ Ieaveskiam?]pro.bably_ prowded 4. Argo,W.R. and J.A. Biernbaum. 1994. Irrigation requirements, root-
complete canopy cover m_qre quickly than impatiens. medium pH, and nutrient concentration of Easter lilies grown in five peat-

Controlled release fertilizer placement greatlieeted based media with and without and evaporation badiémer. Soc. Hort.
plant nutrition, in that CRF placed above the mulch product Soc. 19:1151-1156.
generally reduced plant growth and quality relative to non- 5. BroschatT.K. 2005. Rates of ammonium-nitrogen, nitrate-nitrogen,
mulched controls, while placement below the mulch product Phosphorus, and potassium from two controlled-release fertilizers under
improved plant growth and qualjt(}lenn et al. (8) demon- different substrate environments. Hathnology 15:332-335.
strated that a recycled paper mulch reduced petunia growth, 6. Chong, C. 2003. Experiences with weed discs and other nonchemcial
foliar color, and flower number compared to non-mulched alternatives for container weed control. Hexfinology 13:23-27.
controls, and that CRF placement above mulch reduced theseE 7|- 'i_”ey Sf-'--:ltPK”itth, C. %”"amt' E?- R!t?_ynO'df& and/é"-ﬂantd-lmoo- _

valuation of alternative weed control options for ornamentals grown in
parameters even more than placement below mulch. .Glennlarge containers. Proc. Southern Nursésgoc. Res. Conf. 45:397-402.
et al. (8) reported the recycled paper to have a C:N ration of | i dward J ah
500:1. Carbon:nitrogen ratios of theyanic mulches in our 8. Glenn, J.S., C.H. Gilliam, J.H. Edwards)QKeeverand ER. Knight,
. . . 2000. Recycled waste paper mulch reduces available container N. J. Environ.
study were not determined, however C:N of Douglas fir saw- o 18:188-191.
dusghas beetn (;erl),]oréeq tql beCS_9N3'1 %) DOUgllag fir SaWduscti 9. Green, D.B. ed. 2002. Pest, Disease\&add Incidence Report 2001/
used In our study had similar C:N as the recycled paper US€dzgo2. Last accessetpril 17, 2007. http://wwupesticides.gowk/
by Glenn et al. (8), howevebouglas fir sawdust did not  uploadedfiles/ web_Assets/PSD/
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