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Abstract

Two experiments were conducted to determine the effects of pelletized recycled paper mulch on container plant nutrigiementexp
1 with Petunia floribundaHort. ‘Midnight Madness’, 9 g (0.32 0z) of Osmocote 14N-6.2P-11.6K (14-14-14) was applied over or
under 2.5 cm (1 in) of recycled paper pellet mulch, or to plants with no paper mulch (control). Leachate samples weraftetle¢ted
microirrigation. Both treatments with paper mulch reduced nitrate-CGnd ammonium (NHN) levels in container leachate,
compared to the control 21 days after planting (DAP). Shoot dry weight was reduced 53% and 70% for plants fertilizedaveder and
the mulch, respectively, compared to the non-mulched control. At the end of the experiment 40-48% of the total N applied over o
under mulch was retained by the recycled paper mulch. In experiment Resithia grandifloraHort. ‘Ultra Blue’, mulchand three
methodsof fertilizer application (over mulch, under mulch, and incorporated in the substrate) were compared. LegeNdtval©
were reduced 72% or 68% with fertilizer placed over or under the mulch, respectively, when compared to a non-mulched topdressed
treatment 21 DAP. When fertilizer was incorporated into the substrate, paper mulch redydedebichate levels 87% compared t
the non-mulched treatment. There were no significant differences in leachaté Mwkls with fertilizer placed over or under the
mulch when compared to a non-mulched control 21 DAP. When fertilizer was incorporated into the substrate, paper mulch| reduced
leachate NEEN levels 82% compared to the non-mulched control. Shoot dry weight was 84 or 49% lower with fertilizer placed over or
under the mulch, respectively, when compared to the topdressed, non-mulched treatment. However, plants grown withdieetllizer ap
under the mulch were 213% larger than plants with fertilizer applied over the mulch. When fertilizer was incorporatesibvgtraite,
paper mulch reduced shoot dry weight 41% when compared to non-mulched plants. There were no differences between |shoot dry
weights of plants grown in non-mulched treatments with topdress fertilization or fertilizer incorporated.

Index words: nitrate, ammonium, fertilizer application method, petunia.

Species used in this studyMidnight Madness’ petunieRetunia floribundaHort. ‘Midnight Madness’); ‘Ultra Blue’ petunid@gtunia
grandifloraHort. ‘Ultra Blue’).

Significance to the Nursery Industry one inch of recycled paper pellets (Enviroguard, Tascon Inc.,

Recycling and reuse of waste products, including paper, TX) to be as effective as Rout herbicide for control of pros-
is one of the major solutions for reducing landfill volumes traté spurgefEuphorbia supinajn container production or

and disposal costs. Many uses for recycled paper in the nursiandscape settings (11, 12). Enviroguard pellets are manu-

ery industry have been evaluated, such as containers, subf@ctured by compressing ground newspaper using pelletiz-

strate components and weed-control mulches. However, ourind €quipment to form extruded paper pellets approximately

studies show that recycled paper mulch will reduce avail- 8:3% MM (0.25in) in diameter and 38.1 mm (1.51in) in length.
able container nitrogen (N), especially when fertilizer is These pellets have a C:N ratio of about 500:1 and swell to

topdressed. Growth of petunia was generally reduced whenabout twice the volume after saturating with water. Craig
plants were mulched with recycled paper pellets and and Cole (5) evaluated a recycled paper product Wet Earth

topdressed with a controlled release fertilizer. Even when (C€rad Industries, Sand Springs, OK) as acontaiger substrate
fertilizer was topdressed on the surface of substrate undercomponegt. Wet Earth (WE) is coomposed of 8%A) recycled
the paper mulch petunia growth was reduced. When recycledP2Per. 18% diatomaceous earth, 1% Ca0, and 1% humic acid

; ; o~ by volume. Substrate mixes were: 100% pine bark (PB), 1:3
paper mulch was used for weed control incorporating fertil- ; i i ) i
izer into the substrate resulted in the greatest plant growth, PB:WE, 1:1 PBIWE, 3:1 PB:WE, and 100% WE by volume.

As the percentage of WE in substrate mix incregSpidaea
size and foliar N levels decreased, suggesting that recycled
o S ) paper may have immobilized N. Smith et al. (11, 12) demon-
Granular herbicide application is the primary method of gtrated that recycled paper mulch provides effective weed
weed control in container nurseries. However, granular ap- control: however, the work done by Craig and Cole (5) sug-
80% of the herbicide lost, depending on plant spacing (6, 9). = Topdress fertilization of container grown plants is a com-
Many growers have turned to alternative methods of weed mpon technique used by nursery growers. Application of fer-
control, such as mulches, to reduce the environmental im- tjlizer over a paper mulch with high C:N ratio may lead to
pact of pesticides in runoff water. Previous work has shown jmmobilization of N and a negative impact on plant growth.
The objective of this research was to compare N leaching
and immobilization with different methods of fertilizer ap-
*Received for publication March 27, 2000; In revised form June 23, 2000. plication when recycled paper pellets were used as mulch.
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on April 29, 1998, into 2.8-liter (trade gallon) containers us- Table 1. NO;-Nand NH,-N levels in container leachate as affected by

ing a pine bark:sand substrate (7:1, by vol) amended with fertilizer application method and recycled paper mulch.

3.0 kg (5 Ib) dolomitic limestone and_ 0.9 kg_ (_1.5 Ib) Micromax  eatments NON (mg-L)

per n? (yd®). A common commercial fertilizer [Osmocote

14N-6.2P-11.6K (14-14-14), Scott’s Chemical Co. Leaching dates
Marysville, OH] was applied at 9 g (0.32 0z) per pot. o

Osmocote 14N—6.2P—11.6K (14—14—14) has longevity of 1—2 Method of application 13 21 21 35
months when average substrate temperature is 90F (32.2C)gertjlizer over mulch 0.8 0.0b 0.2b 0.1b
and 2-3 months when average substrate temperature is 80Fertilizer under muich 2.8b 0.2b 0.3b 0.1b
(26.7C). Approximately 41% of all nitrogen in Osmocote Control (no mulich) 6.3a 27.8a 1.8a 0.2a

14N-6.2P-11.6K (14-14-14) is in M@ form and 51% is

in NH,-N form. Treatments included control (topdressed, no NH-N (mg-L™)

mulch), fertilizer applied over (topdressed) or fertilizer ap- Leaching dates

plied under 2.5 cm (1 in) of recycled paper pellets (145 g

[5.1 oz]) (Enviroguard, Tascon Inc., Houston, TX). Treat- Method of application 13 21 27 35
ments were arranged in a completely randomized design, with Fertilizer over mulch 0.5b 0.2b 0.1b 0.1a
each treatment replicated 8 times. Plants were placed on acgytilizer under muich 1.7ab 030 02b 0.1a
greenhouse bench and irrigated as needed with acontrol (no mulch) 3.7a 5.8a 0.9a 0.1a

microirrigation system (every 1-2 days), with 250 ml of water
per container at the rate of 1 liter/min (0.25 gal/min). Aver- ‘Days after planting.
age temperatures in the greenhouse were 67F (19C) mini-’Mean separation within columns by Duncan’s multiple rangeRes8.05.
mum and 91F (32.8C) maximum. Data collected included *Osmocote 14N-6.2P-11.6K (14-14-14), 9 g/container.
NO.-N and NH-N levels in leachate 13, 21, 27, and 35 DAP.
Plastic trays were placed under each container to collect
leachate. Leachate samples were collected after an irrigationmulch treatment compared to a non-mulched control treat-
with 250 ml of water. NON and NH-N levels in leachate ment (Table 1). These results support previous work by Cole
were determined by microscale batch technique, and spec-and Newell (3), who reported reductions in leachatg &i@d
trophotometric measurements of samples in titer plates wereNH, levels at the beginning of their experiment and reduc-
taken using an Elx 808 plate reader (10). Plants were har-tions in leachate NHevels throughout the experiment, when
vested 48 DAP to determine shoot dry weight, foliar N con- recycled paper products were mixed into the substrate. In
tent, and total N absorbed by paper mulch. Foliar N content our study 21 DAP leachate N® levels were almost negli-
and total N absorbed by paper were determined using a modi-gible when fertilizer was applied over or under the mulch
fied Kjeldahl method (1). Foliar and paper samples were pre- treatments, and leachate NN levels were reduced 97% or
treated with salicylic acid for NEN inclusion. Total paper ~ 95% when fertilizer was applied over or under the muich,
N was determined by multiplying paper dry weight (131 g) respectively, compared to the non-mulched treatment. At 27
by % N in paper at the end of the experiment. Data were DAP leachate NON and NH-N levels were reduced from
subjected to analysis of variance using SAS (13) and mean89% to 78% when fertilizer was applied over or under mulch,
separation by Duncan’s multiple range t&st; 0.05. respectively, compared to the non-mulched treatment.
The second experiment was conducted similarly to experi- Leachate N@N and NH-N levels decreased from 27 DAP

ment one, except where notéetunia grandifloraHort. and, thereatfter, to less than 0.2 ppm, regardless of treatment.

‘Ultra Blue’ plantlets were transplanted on September 18, Dissipation of NQ-N and NH-N may be explained by high
1998. Average temperatures in the greenhouse were 71Remperatures in the greenhouse, which likely accelerated re-
(21.7C) minimum and 95F (35C) maximum. The same fer- lease of the controlled release fertilizer.

tilizer was applied at 18 g (0.64 0z) per container. Fertilizer

was applied over a 2.5 cm (1 in) layer of recycled paper pel-  Plant responseShoot dry weight was suppressed with
lets, under the pellets, or incorporated in the substrate. Tworecycled paper mulch (Table 2). The greatest reduction oc-
non-mulched controls were included with fertilizer topdressed curred when fertilizer was applied over the mulch, with 70%
or incorporated in the substrate. Treatment arrangement wadess dry weight when compared to non-mulched plants, and
an incomplete factorial in a completely randomized design. 53% less when compared to plants grown with the fertilizer
Data collected included NEN and NH-N levels in leachate

13, 21, 28, and 35 DAP and foliar color and flower number

49 DAP. Foliar color was determined on a 1-5 scale, where Table 2. The effects of fertilizer application method and recycled pa-

1=yellow, 2=yellowish green, 3=light green, 4=medium per mulch on dry weight, foliar N levels, and total N absorbed
green, and 5=dark green. Plants were harvested 56 DAP to by recycled paper mulch 48 days after planting.
determine shoot dry weight, foliar N content, and total N -
oot
absorbed by paper. dry weight Foliar N Paper N
Method of application (9) (%) (mg/container)

Results and Discussion
Fertilizer over mulch 5.4¢ 3.3a 599a

Experiment 1.Leachate N level$.eachate NON levels Fertilizer under mulch 11.5b 3 6a 504b
13 DAP were reduced 87% or 56%, respectively, when fer- conrol (no muich) 18.1a 3.8a —
tilizer was applied over or under the mulch when compared
to a non-mulched control treatment (Table 1). Leachate NH  z0smocote 14N-6.2P-11.6K (14-14-14), 9 g/container.

N levels were reduced 86% by fertilizer applied over the ymean separation within columns by Duncan’s multiple rangeRes@.05.
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Table 3. The effects of recycled paper mulch and fertilizer application method on NON and NH, -N levels in container leachate, experiment 2.

NO,

-N (mg-L™)

Leaching dates

Treatments Fertilizer placement 13 21 28 35
Mulched over 0.3c 0.7c 0.5¢ 0.7b
under 0.8c 0.8c 1.0c 0.8b
incorporated 3.3b 1.7bc 3.1b 2.9a
Non-mulched topdressed 2.9b 2.5b 2.9b 1.1b
incorporated 11.8a 12.8a 9.3a 1.6ab
Contrast ‘mulched vs non-mulched’ 0.0001 0.0001 0.0001 w NS
NH,-N (mg-L™?)
Leaching dates
Treatments Fertilizer placement 13 21 28 35
Mulched over 0.6¢c 0.9b 0.7c 0.4b
under 0.9bc 1.0b 0.8c 0.4b
incorporated 4.0b 2.6b 4.1b 3.3a
Non-mulched topdressed 2.5bc 1.9b 2.9bc 0.8b
incorporated 17.3a 14.4a 7.7a 1.2b
Contrast ‘mulched vs non-mulched’ 0.0001 0.0001 0.0002 w NS

Osmocote 14N-6.2P-11.6K (14-14-14), 18 g/container.

YDays after planting.

*Mean separation within columns by Duncan’s multiple rangeRes{).05.
“Non-significant at the 0.05 level.

applied under the mulch. Neither fertilizer application method N immobilization from topdress application, however, re-
caused a significant reduction in foliar N levels when com- cycled paper mulch absorbed almost as much total N even
pared to control plants. However, while not significant, fo- when fertilizer was placed under the mulch. This condition
liar N levels followed a trend similar to that of shoot dry may occur as a result of capillary upward movement of sub-
weight data. Foliar N levels for non-mulched control plants strate solution, similar to the process that takes place when
were at the lower sufficiency range for petunia plants (3.8— plants are watered through a capillary mat (8).

7.6%) (7). Total N recovered in paper with fertilizer applied

over or under mulch treatments was 599 or 504 mg N per Experiment 2. Leachate N levelRResults of the second
container, respectively. Initially paper pellets contained 89 experiment generally concur with results in experiment 1.
mg N per container and about 1.26 g of N was applied to Leachate NQN 13 DAP levels were reduced 90% or 72%
each container, therefore 33—40% of the total N applied was when fertilizer was placed over or under the mulch, respec-
in the paper mulch at the end of the experiment. Recycled tively, compared to the topdressed, non-mulched treatment
paper pellets have a high C:N ratio (500:1), which explains (Table 3). When fertilizer was incorporated in the substrate,

Table 4. The effects of recycled paper mulch and fertilizer application method on dry weight, foliar color rating, flower numbefoliar N content, and
total N absorbed by paper muich.

Treatments Fertilizer Shoot dry wt Foliar colorY Flower number* Foliar N Paper N
placement (9) (%) (mg/pot)”
Mulched over 1.6¢ 3.1d 3.5¢ 4.4b 667a
under 5.0b 3.8c 9.5b 4.5b 458b
incorporated 6.0b 4.4ab 8.8b 5.1ab 294c
Non-mulched topdressed 9.8a 4.8a 17.3a 4.6b —
incorporated 10.2a 4.1bc 15.8a 5.5a —
Contrast ‘mulched vs non-mulched’ 0.0001 0.0001 0.0001 U NS —

Osmocote 14N-6.2P-11.6K (14-14-14), 18 g/container.

YFoliar color rating scale was determined on 1-5 scale, where 1=yellow, 2=yellowish green, 3=light green, 4=medium grerk ayrdeéw
*Recorded 49 days after planting.

“Total N in the paper, initially paper pellets contained 89 mg N/container.

"Mean separation within columns by Duncan’s multiple rangeRes0).05.

UNon-significant at the 0.05 level.
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paper mulch reduced NI levels 72% compared to the the mulch resulted in total paper N of 667 mg N/container,
incorporated, non-mulched treatment. Additionally, in non- or about 23% of the total N applied, while fertilizer incorpo-
mulched treatments NN levels were 75% lower with ration (with mulch) resulted in 294 mg of total N/container
topdress fertilization when compared to the incorporated fer- in the paper mulch, or about 8% of the total N applied.
tilizer treatment. These results concur with work by Cox (4)  In both tests paper mulch reduced N in leachate and plant
and Yeager et al. (15), who showed a higher N leachate con-growth regardless of fertilizer application method. However,
centration when a CRF was incorporated rather than surface-in the second experiment fertilizer incorporation resulted in
applied. In our experiment, leachate N®levels 21 DAP more N in leachate (both mulched and non-mulched treat-
were reduced 72% or 68% when fertilizer was placed over ments). This work has several implications for the use of
or under the mulch, respectively, compared to the topdressed recycled paper in container production of nursery crops. First,
non-mulched treatment. With fertilizer incorporation in the growers should realize that container nutrition can be affected
substrate, paper mulch reduced leachatg-N@vels 87% when paper mulch is used as a weed control alternative, es-
compared to the non-mulched treatment. LeachatgNNH  pecially if fertilizer is topdressed. Incorporating the fertil-
levels 13 DAP were lowest when fertilizer was placed over izer reduces the amount of N retained by paper. This work
or under the mulch and highest with incorporated non- suggests the potential of recycled paper in nutrient
mulched treatment (Table 3). Topdressed, non-mulched plantsremediation of container effluent, with the potential to pro-
had 86% lower leachate N\ levels compared to incorpo-  vide an environmentally friendly postharvest mechanism of
rated fertilizer, non-mulched plants. When fertilizer was in- prolonged fertilization in the landscape by recycling absorbed
corporated in the substrate, paper mulch reducegNNlgv- N. Additional work is currently being conducted to deter-
els 77% compared to the non-mulched treatment. A similar mine the fate of N absorbed by paper muich.

trend continued throughout the rest of the experiment. There
were no differences between leachate,iNHevels 21 DAP
when fertilizer was placed over or under the mulch com-
pared to the topdressed, non-mulched treatment. When fer- 1. Bremner, J.M. 1996. Nitrogen—totah: D.L. Sparks et al. (Ed.)
tilizer was incorporated in the substrate, paper mulch reducedMethods in Soil Analysis. Part 3—Chemical methods. Soil Science Society
NH,-N levels 82% compared to the non-mulched treatment. of America J., ASA, Madison, W1.

Although NQO-N leachate levels from control treatments were 2. Cashion, G. and T. Yeager. 1991. Effects of slow-release fertilizers
below the general guideline of 15—-25 ppm for controlled re- on nitrate nitrogen runoff. Proc. SNA Res.Conf. 36:78-80.

lease fertilizers (14), they were comparable to the results 3. Cole, J.C. and L. Newell. 1996. Recycled newspaper influences
obtained by Cashion and Yeager (2), who showed th@t NO container substrate physical properties, leachate mineral content, and growth
N leaching of Osmocote 18-6—12 (18N-2.6P—9.9K) was 8 of Rose-of-Sharon and Forsythia. HortTechnology 6:79-83.

to 11 ppm during the peak release. After 35 DAPs—NGnd 4, _ Co_x, D.A. 1993. Reducing nitrogen Ieaching-lo‘s‘ses from
NH4-N leachate levels in control treatments declined to less containerized plants: the effectiveness of controlled-release fertilizers. J. Plant

than 3 ppm (data not shown) Nutrition 16:533-545.
PP ' 5. Craig, P and J.C. Cole. 1997. Recycled paper as a growth substrate in

. container production of Spiraea. HortScience 32:455.
Plant responseshoot dry weight was greatest when plants _ _p P N
6. Gilliam, C.H., D.C. Fare, and A. Beasley. 1992. Nontarget herbicide

were not mulched, regardless of fertilizer application method T . . :

(Table 4). When plants were mulched, topdress application losses from application of granular ronstar to container nurseries. J. Environ.
: , . Hort. 10:175-176.

over the paper mulch reduced shoot dry weight 73% or 68% 7. Mills, H.A. and J.B. Jones, Jr. 1996. Plant Analysis Handbook Il

compared to mulched plants W|th fertilizer mcorpor_ated O MicroMacro Publishing, Athens, GA. pg. 194.

applied under the mulch, respectively. Shoot dry weight was 8. Payne, R.N. and S.M. Adam. 1980. Influence of rate and placement

84 or 49% lower Wh_en fertilizer was placed over or under of slow-release fertilizer on pot plants of African Violet grown with capillary

the mulch, respectively, compared to topdressed, non- mat watering. HortScience 15:607—609.

mulched plants. When fertilizer was incorporated inthe sub- g porter, w.C. and R.L. Parish. 1993. Nontarget losses of granular

strate, paper mulch reduced shoot dry weight 41% when com-herbicide applied to container-grown landscape plants. J. Environ. Hort.

pared to the non-mulched control. 11:143-146.

Foliar color was lightest when fertilizer was placed over 10. Sims, G.K., T.R. Ellsworth, and R.L. Mulvaney. 1995. Microscale
the mulch. Placement of fertilizer under the mulch improved determination of inorganic nitrogen in water and soil extracts. Comm. Soil
the foliar color rating by 18%. Best foliar color rating oc- Sci- Plant Anal. 26:303-316.
curred when fertilizer was incorporated in the substrate and  11. Smith, D.R., C.H. Gilliam, J.H. Edwards, J.W. Olive, D.J. Eakes,
mulched, or topdressed without mulch. Flower number was and J.D. Willams. 1998 Recycled waste paper as anon-chemical atemative
lowest when fertilizer was placed over the mulch. Fertilizer 0" ¢e¢ cOnolin container production. 7, ENVITON. HOM. Z6:55=15.
placement under the mulch increased flower number by 171%__12. Smith, D.R., C.H. Gilliam, J.H. Edwards, D.J. Eakes, and J.D.
compared to placement over the mulch. Fertilizer incorpora— Williams 1997. Recycled waste paper as a landscape mulch. J. Environ.Hort.
-OTH ) . 15:191-196.
tion in the substrate with paper mulch reduced flower num- " _ . , .
ber 44% when Compared to plants grown without mulch 13. Statistical Analysis System Institute. 1990. SAS User’s Guide:

. . ' Statistics. Cary, NC.
Although foliar N levels were highest when plants were not 14V, yT C. Gilliam. T. Bilderback. D. Fare. A. Niemi dK
mulched and fertilizer was incorporated, all treatments pro- asoden T L Sllam, . BICerhack, . bare, A Niemiera, anc ©.

. . L Tilt. 1997. Best Management Practices Guide for Producing Container-Grown
duced plants with foliar N levels well within the reported pjants. Southern Nurserymen's Assn., Marietta, GA.

rangg (7) e e . 15. Yeager, T.H., D.L. Ingram, and C.A. Larsen. 1989. Response of
N immobilization by paper mulch was affected by fertil- | gustrum and azalea to surface and growth medium-incorporated fertilizer
izer placement. For example, topdressing of fertilizer over applications. Proc. Florida State Hort. Soc. 102:269—271.
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