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SUMMARY. Four different organic mulches were applied to 1-m2 plots of Margate
fine sand soil that were irrigated three times per week. A 8N–0.9P–10K–4Mg
controlled-release fertilizer was applied above or below these mulches to determine
the effects of fertilizer placement on weed growth and soil pH, nitrate–nitrogen,
ammonium–nitrogen, potassium (K), and magnesium (Mg) concentrations.
Unfertilized plots were used to determine mulch effects on soil pH and nutrient
content. Fertilizer placement generally had no effect on any of these soil fertility
parameters nor did it affect weed numbers. Cypress mulch increased soil K
concentrations, and pine bark and eucalyptus mulch increased soil Mg over that
of unmulched plots when no fertilizer was applied. The presence of any mulch
type greatly reduced weed numbers over that of unmulched plots.

T
he use of organic mulches
around the bases of landscape
plants has been widely advo-

cated (Black and Ruppert, 1995;
Thomas, 2002). Benefits of mulching
include soil moisture retention
(Ashworth and Harrison, 1983;
Greenly and Rakow, 1995; Tukey
and Schoff, 1963), reduction of soil
temperatures (Ashworth and Harrison,
1983; Greenly and Rakow, 1995;
Stinson et al., 1990), weed growth
reduction (Ashworth and Harrison,
1983; Billeaud and Zajicek, 1989;
Stinson et al., 1990), enhanced plant
growth (Brown, 1996; Greenly and
Rakow, 1995), improved penetration
of irrigation or rainfall (Oliveira and
Merwin, 2001), and enhanced nutrient
availability (Tukey and Schoff, 1963).
Potential problems associated with
organic mulches are reduced nitrogen
availability (Billeaud and Zajicek, 1989),
water repellency (Gartner, 1978), and
allelopathy (Duryea et al., 1999; Still
et al., 1976).

One question that is often asked
by landscapers is whether fertilizers
should be applied above or below the
mulch layer. Gilman et al. (1990)

concluded from column leaching
studies through cypress wood chips
that NH4-N and NO3-N readily
leached through this commonly used
mulch material. However, as organic
mulches decay, they may use N in
the process (Ashworth and Harrison,
1983). Billeaud and Zajicek (1989)
and Sonsteby et al. (2004) found that
soil N in mulched plots was lower
than in unmulched plots. Brown
(1996), as well as Tukey and Schoff
(1963), compared pH and soil phos-
phorus (P), potassium (K), and mag-
nesium (Mg) concentrations in plots
mulched with organic mulches or
none, but we are unaware of any
studies documenting the effects of
above versus below mulch applica-
tions of fertilizers on soil nutrient
concentrations. The objectives of
this study were to compare soil
pH and nutrient contents as well as
weed growth in plots mulched with
four different organic mulches with
fertilizer applied above or below the
mulch.

Materials and methods
A 10 · 10-m area of land at

the University of Florida’s Fort
Lauderdale Research and Education
Center (lat. 26�5#5.6$N, long.
80�14’34.6$W) having a 0� slope
and a Margate fine sand soil was used
for this study. This soil has a cation
exchange capacity of 5.6 meq�100 g
(U.S. Dept. of Agriculture, 1984).
Other chemical properties of the soil
in these plots are presented in Table 1.
The existing vegetation, consisting
of a sparse cover of bahiagrass (Pas-
palum notatum) and various weed
species, was sprayed with glyphosate
1 week before experiment initiation.
A factorial experiment with five mulch
treatments and three fertilizer treat-
ments was set up using 1 · 1-m plots as
the experimental units. There were six
replications of each mulch–fertilizer
combination arranged in a completely
randomized design. Mulch treatments
were: 1) no mulch, 2) coarse (2 to 4
inches long · 1 to 2 inches wide · 1/4
to 1/2 inch thick) pine (Pinus elliottii)
bark mulch (pH 3.6), 3) finely shred-
ded eucalyptus (Eucalyptus spp.) wood
mulch (pH 4.6), 4) finely shredded
cypress (Taxodium distichum) wood
chip mulch (pH 4.8), and 5) pine
(Pinus elliottii) needle mulch (pH
4.4). Two cubic feet of each mulch
was spread out uniformly on each plot
resulting in an average depth of 2.2
inches. A 8N–0.9P–10K–4Mg land-
scape fertilizer with controlled-release
nitrogen (N), K, and Mg (Nursery-
men’s Sure Gro Corp., Vero Beach,
Fla.) was applied at a rate of 73 g�m–2

using a drop spreader (Lesco, Rocky
River, Ohio) according to the follow-
ing treatments: 1) fertilizer applied
before mulching or 2) fertilizer applied
after mulching. Six additional plots of
each mulch treatment received no
fertilizer to determine the effects of the
mulches themselves on soil pH and
nutrient contents. Irrigation from a

Units
To convert U.S. to SI,
multiply by U.S. unit SI unit

To convert SI to U.S.,
multiply by

0.3048 ft m 3.2808
0.0929 ft2 m2 10.7639
0.0283 ft3 m3 35.3147
2.5400 inch(es) cm 0.3937

305.1517 oz�ft2 g�m–2 0.0033
1 ppm mg�g–1 1
1 ppm mg�cm–3 1
1 ppm mg�mL–1 1
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single rotary head (Pro Plus model
11003; K-rain, West Palm Beach, Fla.)
mounted on a centrally located 2-ft-
high riser provided �0.5 inch of water
every 3 d. Irrigation water was drawn
from a pond and had a pH of 7.2
during the first experiment (Expt. 1)
and 6.8 during the second experiment
(Expt. 2). This water contained 0.5
mg�mL–1 of K and 1.4 mg�mL–1 of Mg.

Expt. 1 was established on 14
Nov. 2003 and was ended 6 months
later. The entire experiment was
repeated on an adjacent block of land
beginning on 25 June 2004 and
ended 6 months later. Expt. 1 was
conducted during the ‘‘dry season’’
(total rainfall = 12.8 inches, rainfall
during first 6 weeks = 1.1 inches) in
southern Florida, whereas the second
was done during the ‘‘rainy season’’
(total rainfall = 33.4 inches, rainfall
during the first 6 weeks = 13.7
inches). Rainfall data were obtained
from the Florida Automated Weather
Network [FAWN (Univ. of Florida,
2006)], which maintains a recording
station �200 m from the research
plots.

Six weeks after initiation of each
experiment, soil core samples were

taken from each plot for nutrient
extractions. Sampling was done by
scraping aside any mulch and taking
a core of soil 2 cm in diameter · 10 cm
deep. The top 2 cm of each core was
discarded to prevent possible contam-
ination by fertilizer prills and three
cores per plot were pooled for analysis.
Soil pH was determined from deion-
ized water extractions, nitrate–nitrogen
(NO3-N) and ammonium–nitrogen
(NH4-N) were extracted with 2 M
potassium chloride (Mulvaney, 1996;
Thomas, 1996), and soil K and Mg
were extracted with 1 M ammonium
acetate (Helmke and Sparks, 1996;
Suarez, 1996). NO3-N, NH4-N, and
pH were determined by selective ion
electrodes (Mulvaney, 1996; Thomas,
1996), whereas K and Mg concentra-
tions were determined using atomic
absorption spectroscopy (Helmke and
Sparks, 1996; Suarez, 1996).

After 6 months, all weeds grow-
ing in each plot were counted and
categorized as dicots [primarily large
flower pusley (Richardia grandi-
flora)] or grasses [primarily torpedog-
rass (Panicum repens)]. All data were
analyzed using analysis of variance
with mean separations by the Waller-

Duncan k-ratio method (SAS Insti-
tute, Cary, N.C.).

Results and discussion
The numbers of dicot and total

weeds per plot were significantly
greater for unmulched plots than for
plots mulched with any type of mulch
in both experiments (Table 2). The
number of grass weeds did not differ
between mulched and unmulched
plots because the predominant grass
weed, torpedograss, spreads vegeta-
tively through underground stolons
as opposed to seedlings, which can be
suppressed by mulches. In general,
mulch type had no effect on the
numbers of any type of weed. Like-
wise, fertilizer placement above or
below the mulch layer had no effect
on numbers of any type of weeds.

Soil pH was unaffected by mulch
treatment or fertilizer (Table 3).
Tukey and Schoff (1963) also found
that mulching materials had no con-
sistent effect on soil pH. However,
other studies have shown that soil pH
decreases when organic mulches are
used and that this decrease is propor-
tional to the depth of these mulches
(Billeaud and Zajicek, 1989). Our soil
samples were taken after 6 weeks,
compared with 6 months for the
latter study, and our shorter equili-
bration time may have influenced our
results. Soil pH was consistently
higher across all treatments in Expt.
1 than in Expt. 2. This may have been
the result of the slightly higher pH
of the irrigation water during Expt. 1
than during Expt. 2.

Nitrate-N in soil extracts was
below 1 mg�g–1 for all treatments (data
not shown). Neither mulch presence
or type nor fertilizer placement
had any effect on soil NH4-N

Table 1. Effects of mulch type on unfertilized soil pH and extractable potassium
(K) and magnesium (Mg) concentrations.

Mulch

Expt. 1 Expt. 2

pH
K Mg

pH
K Mg

(mg.g–1)y (mg.g–1) (mg.g–1) (mg.g–1)

No mulch 6.56 72.0 91.3 5.52 43.3 bz 62.8 b
Pine bark 6.67 81.0 93.0 5.65 61.0 ab 91.2 a
Eucalyptus 6.46 69.3 97.7 5.15 62.8 ab 84.3 a
Cypress 6.34 79.3 82.0 5.32 79.7 a 76.8 ab
Pine needles 6.18 57.5 71.8 5.22 51.7 b 76.3 b
zMean separation within columns by the Waller–Duncan k-ratio method (P = 0.05).
y1 mg�g–1 = 1 ppm.

Table 2. Effects of mulch type and placement of an 8N–0.9P–10K–4Mg fertilizer above and below the mulch layer on
numbers of dicot weeds, grass weeds, and total weeds per 1-m2 (10.8-ft2) plot.

Mulch Fertilizer placement

Expt. 1 Expt. 2

Dicot weeds
(no./m2)

Grass weeds
(no./m2)

Total weeds
(no./m2)

Dicot weeds
(no./m2)

Grass weeds
(no./m2)

Total weeds
(no./m2)

No mulch 13.0 azy 10.2 23.2 a 1174 a 4.7 1179 a
Pine bark 5.2 b 6.8 11.9 b 114 b 10.3 124 b
Eucalyptus 4.3 b 13.2 17.4 ab 147 b 8.9 156 b
Cypress 3.2 b 9.6 12.8 ab 149 b 21.0 170 b
Pine needles 6.5 b 6.6 13.1 ab 72 b 14.3 86 b

No mulch 13.0 a 10.2 23.2 a 1174 a 4.7 1179 a
Above mulch 5.2 b 9.1 14.3 ab 138 b 13.8 152 b
Below mulch 4.3 b 8.9 13.3 b 103 b 13.4 116 b

zMean separation within columns and subsections by the Waller–Duncan k-ratio method (P = 0.05).
y1 weed�m2 = 0.0929 weed�ft2.
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concentrations in either experiment
with values ranging from 7 to 10
mg�g–1 for all treatments (data not
shown). Likewise, neither mulch
presence nor type affected soil NH4-
N concentrations in unfertilized
plots, which were similar to those of
the fertilized plots (data not shown).
On the other hand, Sonsteby et al.
(2004) found that soil NO3-N and
NH4-N were significantly decreased
when spruce (Picea spp.) bark was
applied to an unfertilized morainic
loam soil. Their different response
may have been the result of a much
longer time that the soil was exposed
to mulch before sampling (3 years vs.
6 weeks).

Mulch type generally had no
effect on soil K and Mg concentra-
tions, but in Expt. 2, soil K concen-
trations in plots with no mulch were
lower than any mulched plots (Table
3). Tukey and Schoff (1963) found
that plots mulched with organic
materials had significantly higher soil
K, but not Mg, concentrations than
unmulched plots. They attributed
this to K release during the decom-
position of the mulch materials.
When we compared soil K and Mg
concentrations in unfertilized plots,
we found that the presence of cypress
mulch significantly increased soil K
concentrations above that of un-
mulched plots in Expt. 2 (Table 1).
Water-extractable K concentrations in
cypress, melaleuca, pine bark, and pine
needle mulches of�60, 69, 78, and 41
mg�cm–3, respectively, represent signifi-
cant contributions of this element to
soil fertility.

Both pine bark and eucalyptus
mulch increased soil Mg concentra-
tions above that of unmulched

control plots in Expt. 2 (Table 1).
Water-extractable Mg concentrations
in cypress, melaleuca, pine bark, and
pine needle mulches were �3, 7, 10,
and 9 mg�cm–3, respectively. These
concentrations of Mg are consider-
ably lower than those for K but
could still potentially influence soil
Mg concentrations. Interactive ef-
fects of mulch type and fertilizer
placement on soil K and Mg concen-
trations were not significant in either
experiment.

Although fertilizer placed below
mulch resulted in higher soil K con-
centrations than fertilizer placed
above mulch in Expt. 1 plots, that
trend was not statistically significant
in Expt. 2 plots (Table 3). This sug-
gests that some K may have been
adsorbed to mulch particles, which
retarded the leaching of this element
into the soil. Similar effects might also
have been expected for Mg, although
fertilizer placement had no consistent
effects on soil Mg concentrations.

In summary, organic mulch of any
type greatly reduced dicot weed num-
bers with no one type superior to any
other. Certain types of mulches such as
cypress, pine bark, or eucalyptus mulch
by themselves increased soil K or Mg
concentrations, but none affected soil
N concentrations. Fertilizer placement
above or below mulch had little or no
effect on soil nutrient concentrations
and thus there appears to be no advant-
age to applying fertilizers under
mulches. These conclusions are based
on soil sampling 6 weeks after mulch-
ing and fertilization and results may
differ if sampling is done after longer
time intervals after mulch and fertilizer
application or under different environ-
mental conditions.
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