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Abstract Consistent use of mulches over several years
can provide significant N to avocado. Study of a 3-year-
old Ventura, California, avocado orchard mulched an-
nually for 3 years with 12–14 Mg ha−1 chipped eucalyptus
showed that total N in the mulched soil was double that of
the control. Mulched intact soil cores released 53 kg ha−1

more N annually than control treatments. A litterbag study
showed that net mineralization of the applied mulch
commenced approximately 8.5 months following applica-
tion. Mulched soils tended to be warmer and moister than
control soils and temperatures varied less. Laboratory
incubations of mulch and soil layers showed that net
mineralization rates (mg kg−1 day−1) were greatest in the
lowest decomposed mulch layer, but that more N
mineralized overall (g m2) in the soil due to its greater
density.

Keywords Mulch . Avocado . Nitrogen . Mineralization .
Eucalyptus

Introduction

In California, organic mulching is a practice that is
becoming important in new avocado plantations (Faber et
al. 1996) due to both the availability of large volumes of
municipal organic wastes (Anonymous 2000) and to
efforts to control Phytophthora root rot with mulch
(Downer 1998; Menge et al. 1999). Past scientific studies
of avocado have considered mulching for Phytophthora
control (Downer 1998; Menge et al. 1999) as well as the
effect of mulching on soil water (Bredell et al. 1970), soil
temperatures (Gregoriou and Rajkumar 1984), weed
control, and nutrients (Broadbent et al. 1989; Embleton
and Jones 1956). No N mineralization studies on mulched
avocado soils have been reported, however. Nitrogen is the
most limiting nutrient for avocado growth and fruit
production (Goodall et al. 1978). Chemical fertilizers are
the most common source of N added by growers, but there
are indicators that some organic mulches can supply part
or all of the required N through the mineralization process
(Menge et al. 1999). Many different yardwaste materials,
including leaves and grasses, wood wastes, and prunings,
are available for use as mulches in avocado and citrus in
Southern California (Anonymous 2000). Where avocado
is grown, eucalyptus is a prominent part of the yardwaste
stream (Faber et al. 1996). The effects of this organic
material applied as mulch on soil N mineralization is
unknown. Studies with eucalyptus litter in forests and
eucalyptus plantations have shown that N immobilization
is a major process (Adams and Attiwill 1986; Aggangan et
al. 1999) and that the N mineralization rates are usually
low (O’Connell and Rance 1999; Polglase and Attiwill
1992; Wang et al. 1998). In Southern California, a 4-year
study by Downer (1998) showed that eucalyptus yard-
waste mulch significantly increased the total N contents in
the leaves and soil of young avocado trees, indicating that
significant N may be released as a result of mulching.
However, the N mineralization rates needed to incorporate
mulches into overall nutrient budgets remain unknown.

One of the long-term effects of mulching is the
formation of a visible series of mulch layers with different
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degrees of decomposition. Forest ecosystem studies have
found that forest floor litter layers may have different net
N mineralization rates, some of which can be higher than
those of soil layers (Federer 1983; Persson and Wiren
1995; Tietema et al. 1992). Fresh eucalyptus layers with
high C/N ratios (Attiwill and Leeper 1987) tend to
immobilize soil N (Aggangan et al. 1999), while litter
layers in advanced states of degradation and much lower
C/N ratios may release it (Ashton 1975; O’Connell 1987).
The influence of mulch and soil layers on the overall N
mineralization process in mulched avocado soils has not
been quantified. The objectives of this study were: (1) to
determine the long-term effects of an established eucalyp-
tus yardwaste mulch system on net N mineralization rates
under avocado orchard field conditions; (2) to determine
under laboratory conditions the net N mineralization rates
in the individual mulch and soil layers under this orchard;
and (3) to describe the magnitude and timing of N
immobilization and release from fresh eucalyptus yard-
waste mulch applied to the above-mentioned system.

Materials and methods

Two experiments were conducted to explore net N
mineralization in mulch and soil layers of a commercial
avocado orchard. The first experiment considered miner-
alization from mulched and unmulched soils under field
conditions while the second was conducted on the same
soils under laboratory conditions to investigate the
individual contributions of different mulch and soil layers.
Net N mineralization includes the processes of N immo-
bilization, N mineralization, and, in the field, plots the
deposition of atmospheric N, and N in irrigation water.
The NO3

−-N content in the irrigation water was approxi-
mately 1.5 mg l−1. Differences between mulched and
control treatments may be used to estimate mineralized
mulch N.

Field experiment

The field study was located in Somis, California, in a 3-
year-old “Hass” avocado orchard growing on Duke 7
rootstock and irrigated with microsprinklers. The soil was
a Rincon silty loam (fine, montmorillonitic, thermic
Mollic Haploxeralfs) infested with Phytophthora root
rot. Eucalyptus yardwaste is readily available in the
region. At the time of the study, each tree had been
mulched during each of the three previous years with
0.25–0.38 m3 per tree (12–14 Mg dry weight ha−1) of
eucalyptus yardwaste (leaves and shredded branches) and
very lightly fertilized (3.6 kg N ha−1 year−1). The mulch
was located beneath the canopy, and was first applied early
in the summer of 1997. The mulch contained 0.972% N,
49.49% C (for a C/N ratio of 51), and 23.6% lignin
(technically the acid insoluble carbon fraction). A
completely random design was used with ten mulched
and ten unmulched trees as experimental units.

An intact soil core methodology was used to measure
soil net N mineralization (DiStefano and Gholz 1986;
Hubner et al. 1991). This technique includes the use of
PVC tubes and resins; the tubes are used to prevent uptake
of mineral N by roots (Raison et al. 1987), and resins to
trap the leached N in the bottom of the tubes (Hubner et al.
1991). Mulched and unmulched plots were prepared
similarly, but in the mulched plots the mulch layers were
first carefully removed and soil samples were taken at 0- to
25-cm depth at the beginning of the experiment (Septem-
ber 1997) from each tree. A sharpened PVC tube (25×7.5
cm diameter) was inserted into the soil. The tube was
drawn out immediately and a 1-cm-thick soil layer was
scraped from the bottom of the soil core. This free space
was then filled with a fine-mesh nylon bag containing
10.28 g dry weight anion-cation exchange resins plus 10 g
glass beads (0.3 cm diameter). Of the total resin dry
weight, 8.5 g was anionic (1-X8 BioRad Lab) and the rest
cationic (50W-1X BioRad Lab). The glass beads were
included to get a resin bed of sufficient thickness and to
allow a homogeneous resin distribution in the bags
(Hubner et al. 1991). To reduce microbial activity in the
resin, 5% of the resin exchange capacity was saturated
with a solution of CuSO4 (Bollag and Barabasz 1979;
Giller et al. 1998). The nylon bag was fixed into the tube
with a 0.4-cm-thick PVC ring. In the mulched plots, the
original mulch layers were placed on top of the PVC tubes
and they were left open to the atmosphere to catch the N
leached from the mulch layers in the soil cores. On 27
January 1998 and 22 April 1998 additional sets of tubes
were inserted in the soil, and the previous tubes were
removed for chemical analysis. The third and final set of
tubes was collected on 25 August 1998. Bulk 0- to 25-cm-
depth soil samples were taken each time a new set of PVC
tubes were installed into the soil.

After collection, the tubes were transported to the
laboratory. The resin bags were washed with distilled
water and dried at room temperature and the resins were
separated from the glass beads. The soil cores were
weighed and samples were taken to determine moisture
content and bulk density. Soil inorganic N (NH4

+-N and
NO3

−-N) was extracted by shaking 4 g soil with 40 ml 2 M
KCl for 1 h and then filtering the suspension (Whatman
no. 42). Resin NH4

+-N and NO3
−-N were removed by

shaking 4 g dry weight with 150 ml 2 M KCl for 12 h. A
second and third extraction with the same volume of 2 M
KCl was made by shaking the samples for 3 h each time.
Ammonium and NO3

− concentrations were determined
colorimetrically with a Technicon Auto Analyzer. Total N
was measured with an automatic analyzer (NA 1500
Carlo-Erba, Milan, Italy).

Nitrogen mineralized (NH4
+-N + NO3

−-N) in the
mulched plots was calculated as follows (Hubner et al.
1991)

Nmin ¼ Nsc þ Nresð Þ � Nin (1)

where Nmin is the N mineralized in the mulched plot (kg
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ha−1), Nsc, mineral N in the soil core at the end of
incubation period (kg ha−1), Nres, mineral N in the resin at
the end of incubation period (kg ha−1), and Nin is the initial
mineral N in bulk soil at the beginning of the incubation
period (kg ha−1).

The same procedure was followed with the soil and
resin samples of the unmulched plots. Rates of NO3

−-N,
NH4

+-N and net N mineralization in kg ha−1 d−1 were
calculated by dividing the estimated amount of N over the
days of each incubation period according with the
procedure reported elsewhere (Adams and Attiwill 1986;
Goncalves and Carlyle 1994). Because the objective of the
study was to estimate the available N for avocado trees no
other N factors such as denitrification were included.

Soil moisture and temperature were measured to
consider their possible influence on N mineralization.
Soil temperature was measured at 10-cm depth with Onset
Stowaway Tidbit XT temperature loggers programmed to
record hourly temperatures. Soil moisture was measured
gravimetrically at 0- to 25-cm soil depth and then the
volumetric water content (θv, g/m

3) was calculated as the
product of the gravimetric water content (g/g) and the soil
bulk density (g/cm3). Bulk density was determined by
drying 0- to 25-cm soil cores of known volume at 110°C.
Statistically significant differences were evaluated with
Student’s t test (Steel and Torrie 1980).

A litterbag method was used to describe the magnitude
and timing of N immobilization and release from fresh
eucalyptus yardwaste mulch (McClaugherty et al. 1985);
10 g samples of fresh mulch material were oven dried at
65°C for 48 h and placed inside 20×13-cm (0.026 m2)
nylon mesh bags with 1.0-mm openings. Six bags were
buried halfway through the mulch per tree on 9 October
1997. One bag per tree was collected on 19 December
1997, 3 March 1998, 28 April 1998, 18 June 1998, 8
October 1998 and 17 May 1999. Collected bags were
transported in a cooler to the laboratory where they were
air dried and cleaned with a fine brush to remove soil and
debris. All mulch sample weights were determined after
oven drying the samples at 65°C for 48 h and
measurements were adjusted to report data on an ash-
free basis. It was assumed that the ash content in the
mulches remained constant over time. Samples were
ground in a Wiley mill using a 60 mesh and then analyzed
for total N and C with an automatic analyzer (Na 1500
Carlo-Erba, Milan, Italy). Initial mulch material was also
analyzed for acid insoluble compounds (lignin and other
recalcitrant compounds) as reported by Geng et al. (1993).

Laboratory experiment

Mulch and soil samples were collected from the field
plots. Mulch material was collected from a 19×19 cm (361
cm2) area under the canopy of ten mulched trees. Each
sample was collected at a point equal in distance and
orientation to the bole of the mulched tree. Mulch samples
were separated by hand into top (T), middle (M) and lower
(L) layers. The T layer was 6 cm thick and was composed

of fresh material that had been applied 1 month previously.
The M layer was approximately 5.6 cm thick and
corresponded to partially decomposed mulch from pre-
vious years. Finally, the L layer, which was in contact with
the topsoil layer, was approximately 2.1 cm thick, more
than 2 years old and significantly humified. Soil samples
were collected from the same location as the mulch
samples using a sharpened 7.62-cm-diameter PVC tube.
Corresponding soil samples were also collected from
unmulched trees. The samples were placed in plastic bags
and transported on ice to the laboratory. Once in the
laboratory, soil cores were divided in three sections (0–5,
5–10 and 10–25 cm). Soil and mulch sub-samples were air
dried and analyzed for initial concentrations of inorganic
N (NH4

+-N + NO3
−-N) using a Technicon AutoAnalyzer.

Fresh mulch samples were passed through a 5-mm mesh
by cutting the organic materials where required, while the
mineral soil was sieved (<2 mm) to remove roots and
stones (Tietema et al. 1992). Portions of 6 g dry weight of
T and M mulch, 10 g L and 20 g mineral soil were placed
in 120-ml covered plastic cups, each with a 5-mm
diameter hole in its lid for gas exchange (Persson and
Wiren 1995). Forty cups per layer were prepared and
incubated in the dark at 25°C. The water content of the
samples was kept at 60% of water-holding capacity by
weighing the cups every day. One hundred percent water-
holding capacity was defined as the water content of
saturated samples allowed to drain for 12 h in the plastic
cups (Persson and Wiren 1995). Every 12 days ten cups
from each layer were removed from the incubator,
extracted with 2 M KCl and analyzed for mineral N
(NH4

+-N + NO3
−-N). The complete incubation period was

36 days.
Mineralized N (NH4

+-N + NO3
−-N) was estimated as

the difference between the inorganic N (NH4
+-N + NO3

−-
N) at the end of the incubation period minus the initial
level. The net N mineralization rate (mg kg−1 day−1) was
calculated by dividing the mineralized N by the number of
days of incubation. The amount of N mineralized (g m−2)
from each layer was estimated using its inorganic N
concentration and its corresponding bulk density.

Statistical differences between treatments in the differ-
ent soil layers, as well as differences between mulch and
soil layers in the mulched plots were calculated by one-
way variance analysis. Means were separated by Fisher’s
protected LSD after significant ANOVA (Garcia-Diaz and
Phillips 1995).

Results

Field experiment

At the beginning of this study, total N concentrations in
soil samples from the mulched experimental plots were
twice as high as in the unmulched plots. Total N averaged
0.20% (0.04%) in the mulched plots and 0.10% (0.02%) in
the control plots. Values in parentheses represent one
standard deviation. Corresponding organic C values were
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2.74% (0.78%) and 0.95% (0.28%), respectively. Values
for both total N and organic C differed significantly
between the treatment and control plots at the P <0.001
probability level (t test, n =10). The C content was close to
three times greater in the mulched plots so that overall C/N
ratios were also significantly greater in the mulched plots.
In the mulched plots, the total N mass at 0- to 25-cm soil
depth from the three previous years of mulching was 1.21
Mg ha−1 and it increased to 1.34 Mg ha−1 when the fresh
layer applied within the year was taken into account (Table
1). The control plots contained only 0.65 Mg ha−1 total N
indicating mulching more than doubled the soil N pool.
Initial C/N ratios were also higher in mulched plot layers
less than 10 cm deep. During the course of the experiment
the soil moisture content was significantly affected by
mulching (Fig. 1). An average water content of 28.8 m3/
m3 was measured in mulched plots compared to 24.4 m3/
m3 in the control plots. Weekly minimum and maximum
soil temperatures measured at 10-cm soil depth were also
significantly modified by mulching (Fig. 2). The most
affected was the weekly minimum temperature, which had
a mean during the entire study of 15.5°C in mulched soil
and 12.4°C in the control soil. The maximum temperature
was significantly greater in control soil plots with a mean
of 18.8°C while in mulched soil plots the mean was
17.4°C. The mean temperature in the mulched plots, at
16.4°C, was also significantly greater than in the control
plots where temperatures averaged 15.6°C.

N mineralization

In soils of both mulched and control treatments, the lowest
net N mineralization rates were measured during the first
incubation period while the highest rates were observed in
the last, which occurred during the summer. Relative to the
control, mulching resulted in significantly greater N
mineralization during each of the incubation periods
particularly during the last sampling period. Nitrate was
responsible for the majority of the overall increase in
mineral N in both the mulched and control plots (Table 2),
however, the relative increase of treatment over the control
was greater for NH4

+-N than NO3
−-N. When considering

rates totaled over all three incubation periods, net N

mineralization rates in mulched plots were 0.42 kg ha−1

day−1, which was 56% higher than in the control plots.
The total N mineralized in the mulched plots during the
present study averaged 147 kg N ha−1 while for the control
plots this value was 94 kg N ha−1, indicating that mulching
released approximately 53 kg ha−1 additional N to the soil.

Table 1 Initial mean total N and C/N ratios in mulch and soil layers
of an avocado orchard in Ventura, California (standard deviation in
parentheses, n =10). Values sharing the same letter in a single row

are not statistically significantly different with a Student t test (P
<0.05; T top mulch layer, M middle mulch layer, L lower mulch
layer)

Layer Mulched mean total N (kg N ha−1) Control mean total N (kg N ha−1) Mulched C/N ratio Control C/N ratio

T 124.5 (2.5) – 37.1 (0.9) –
M 256.2 (99.9) – 25.6 (2.0) –
L 78.2 (33.2) – 19.5 (1.3) –
0- to 5-cm soil 196.1 (49.3) a 110.9 (26.2) b 15.1 (1.6) c 9.8 (0.9) d
5- to 10-cm soil 207.6 (32.6) a 127.9 (25.8) b 12.6 (1.8) c 9.7 (1.0) d
10- to 25-cm soil 472.6 (77.5) a 406.4 (64.8) b 9.9 (0.8) c 9.0 (1.3) c
0- to 25-cm soil 876.3 (120.6) a 645.2 (77.1) b 12.5 (1.3) c 9.5 (1.0) d
Total 1,335 (164.6) a 645.2 (77.1) b 24.7 (1.1) c 9.5 (1.0) d

Fig. 1 Volumetric water content (m3/m3) at 0- to 25-cm soil depth
in mulched and unmulched avocado soils in Ventura, California

Table 2 Net NO3
−-N, net NH4

+-N and net N mineralization rates
measured in an avocado orchard soils at 0- to 25-cm depth in
Ventura, California (standard deviation in parentheses, n =10).
Means with the same letter are not significantly different (P <0.05)
according to Student’s t test

Time
(days)

Treatment NO3
−-N (kg

ha−1 day−1)
NH4

+-N (kg
ha−1 day−1)

(NO3
−+ NH4

+)-N
(kg ha−1 day−1)

1–138 Mulched 0.21 (0.07) a 0.10 (0.04) a 0.31 (0.07) a
Control 0.14 (0.05) b 0.06 (0.02) b 0.20 (0.06) b

139–
223

Mulched 0.29 (0.05) a 0.12 (0.01) a 0.41 (0.05) a
Control 0.20 (0.04) b 0.06 (0.03) b 0.26 (0.04) b

224–
349

Mulched 0.32 (0.10) a 0.22 (0.08) a 0.55 (0.12) a
Control 0.22 (0.04) b 0.13 (0.02) b 0.35 (0.04) b

Total
(349)

Mulched 0.27 (0.05) a 0.15 (0.04) a 0.42 (0.06) a
Control 0.19 (0.03) b 0.08 (0.01) b 0.27 (0.03) b
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Fresh mulch N dynamics

The total N dynamics in the fresh mulch material are
shown in Fig. 3 along with corresponding changes in the
mulch C/N ratio. During the first 2 months the mulch N
content did not change. However, by the fifth month
(second sampling date) the N content of the mulch had
increased by 21%. After this, the N content steadily
declined. The N originally contained in the mulch began to
be released after 8.5 months by which time 40% of
original mulch weight had been lost. The total amount of
the original N that was released during the 19 months of
this study was 70 kg N ha−1 and the maximum amount of
N that was immobilized in the mulch was 28 kg N ha−1.
The C/N ratio followed a descendent trajectory during the
first 8.5 months passing from 50 (initial value) to around
24, where it remained for the rest of the study. The C/N
ratio at the time when N release commenced was near 30.

Laboratory experiment

Nitrogen mineralized at different rates in the mulch and
soil layers of mulched plots (Fig. 4). At 12 days, the top
mulch layer (T) presented a high immobilization rate. The
humified mulch layer (L) also immobilized N, but at a
much lower rate, while N changed little in the rest of
layers. At 24 and 36 days, L showed the higher N
mineralization rates followed by the 0- to 5-cm soil layer
and M. The T layer started to mineralize N at 36 days. By

the end of this study all layers mineralized N. Over the
whole incubation period the L layer had the highest N
mineralization rate with 6.96 mg N kg−1 day−1 while T had
a negative mineralization rate of −0.864 mg N kg−1 day−1

(Table 3). However, when data were expressed on an area
basis (g m−2), which adjusts for bulk density, significantly
more mineralized N was observed in the soil layers,
particularly in the lower layer relative to mulch layers. As
in the field experiment, mulching increased net N
mineralization rates significantly, although only in the 0-
to 5-cm soil layer. The rate in this soil layer averaged 2.01
mg kg−1 day−1 which represented an increase of 50% over
the control soil rate.

Fig. 2 Weekly minimum, maximum, and mean soil temperatures
(°C) under mulched and unmulched avocado plots at 10-cm depth in
Ventura, California

Fig. 3 C/N ratios and percent of original N remaining in eucalyptus
yardwaste mulch over a 20-month period in Ventura, California.
Error bars represent standard deviations (n =10)

Fig. 4 Nitrogen mineralization rates (mg kg−1 day−1) measured in
mulch and soil layers in three different sampling dates under
laboratory conditions (T top mulch layer, M middle mulch layer, L
lower mulch layer)
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Discussion

Mineralization in both the mulched and control soils was
more rapid in the laboratory than in the field, presumably
due to the increase in substrate bioavailability after sieving
and to the maintenance of favorable moisture and
temperature conditions (Hassink 1992; Piccolo et al.
1994). In both the field and laboratory studies, significant
increases in net N mineralization rates were found in soils
mulched with eucalyptus yardwaste relative to the control
soils. In the field study, the N mineralized in the mulched
plots was 56% greater than the amount measured in the
control plots while in the laboratory study this difference
was 23%. The smaller difference between the treatment
and the control in the laboratory study may be attributable
to N assimilation by decomposer microorganisms exploit-
ing C liberated during sample preparations. Microbial N
demand would be greater in the treatment plots relative to
the control plots due to the higher C/N ratios associated
with the mulch.

The amounts of N mineralized in the mulched plots
were higher than those reported in N mineralization
studies of eucalyptus litter in forest and plantations
(O’Connell and Rance 1999; Polglase and Attiwill 1992;
Wang et al. 1998) This was due primarily to the higher
amount of organic material applied in the present study.
Even though eucalyptus yardwaste was applied to the soil
surface, it affected the total N content in the 0- to 25-cm
soil profile. This was likely due to the downward
movement of particulated organic matter by earthworms
which were observed in great numbers in the mulched
soils (Edwards and Bohlen 1996). Tian et al. (1997) also
reported significant increases in earthworm populations
following organic mulch applications. Fine root prolifer-
ation may also have increased total N under the mulches.
Fine root growth and decomposition was accelerated in the
mulched plots especially in the top soil layers (Downer et
al. 2001; Valenzuela-Solano 2003).

A total of 147 kg ha−1 mineral N accumulated in the
mulched plots during the study, an amount exceeding the
126 kg ha−1 fertilizer rate recommended for 5-year-old
avocado trees growing in Southern California (Goodall et
al. 1978). The corresponding amount in the control plots
was 94 kg ha−1, which would meet the needs of trees up to

4 years old (63 kg ha−1). These results show that in
addition to the effects eucalyptus yardwaste mulch may
have on the control of avocado root rot (Downer 1998;
Menge et al. 1999), it may also significantly increase the N
available for tree growth and should be considered in a
comprehensive N fertilization program. However, it is
important to point out that the supply of N through mulch
application does not occur immediately. The soil used in
the present study was mulched during the three previous
years with eucalyptus yardwaste at rates that varied from
12 to 14 Mg ha−1, which approximately doubled the total
(organic and inorganic) N pool relative to the control
(Table 1). In the fresh eucalyptus mulch study, the original
N contained in the tissues began to be released between 5
and 8.5 months after the beginning of the study (Fig. 3).
After 8.5 months, 20% of the N in the fresh mulch had
disappeared, a value that increased to 30% after 12
months, and 50% after 19 months. It is not likely that
mulching with fresh eucalyptus yardwaste will contribute
significantly to soil available N until the material has
decomposed for more than 1 year under field conditions.
The period of time required in the present study for the
onset of N release is shorter than some reported for
eucalyptus litter from Australia and New Zealand (Guo
and Sims 1999; O’Connell 1988; Wedderburn and Carter
1999). O’Connell (1988) and Wedderburn and Carter
(1999) found that N release was limited by the initial
lignin/N ratio of eucalyptus litter. Initial lignin/N ratios in
those studies varied between 63 and 228. In this study the
initial mulch lignin/N ratio was 24, which probably did not
affect the decay rate and subsequent N release.

Moisture and, to a lesser degree, temperature may have
influenced N mineralization. Indeed, water content was
always significantly higher in mulched plots relative to the
control (Fig. 1), and both mean and especially minimum
soil temperatures remained significantly higher during the
fall and winter months in mulched plots (Fig. 2), which
might have enhanced microbial decomposition and N
mineralization.

The application of organic mulches has an important
long-term effect on the distribution of organic matter and
N in the field, which modifies the soil N mineralization
pattern. In the plots used for the field study, different
layers with contrasting degrees of decomposition were

Table 3 Net N mineralization rate (mg kg−1 day−1) and N
mineralized (g m−2) in mulched and control soil layers from an
avocado orchard incubated for 36 days under laboratory conditions
(standard deviation in parentheses, n =10). Means with the same

letter in the rows are not significantly different (P <0.05) based on
the LSD test (T top mulch layer, M middle mulch layer, L lower
mulch layer)

Layer N mineralization rate (mg kg−1 day−1) Total mineralized N (g m−2)

Mulch Control Mulch Control

T −0.86 (1.00) −0.12 (0.14)
M 1.72 (1.02) 0.43 (0.28)
L 6.96 (4.75) 0.82 (0.62)
0- to 5-cm soil 2.01 (0.68) a 1.34 (0.40) b 2.02 (1.10) a 1.93 (0.61) a
5- to 10-cm soil 0.82 (0.40) a 0.76 (0.17) a 1.36 (0.72) a 1.40 (0.29) a
10- to 25-cm soil 0.66 (0.18) a 0.58 (0.24) a 4.40 (1.07) a 3.94 (1.55) a
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observed in the mulch above the soil surface as a result of
the three previous years of annual mulch applications. The
incubation under laboratory conditions of these mulch
layers, along with soil layers, showed the possible role that
each of these layers might have had on the N mineraliza-
tion process in the field. The humified mulch layer (L),
with its relatively high N content and low C/N ratio (Table
1), mineralized N at significantly higher rates (Table 3)
than the other layers. These results are consistent with
reports from forest studies where humified forest floor
layers commonly have higher rates of net N mineralization
than soil layers (Federer 1983; Persson and Wiren 1995;
Tietema et al. 1992). However, due to its low density and
shallow depth, the relative contribution of L to the total
amount of N mineralized (g m−2) in the mulched plots was
low (about 9%) compared to the soil layers. Contributions
from the M layer, while positive, only amounted to about
5%. Table 3 shows that the N contributions from the
mulched and control soil layers were not significantly
different and that differences in the total mass of
mineralized N may be attributed to losses from the L
and M layers. Mulched and control soil N mineralization
rates appeared to differ significantly in the field experi-
ment, however (Table 2). In the field experiment, the PVC
tubes used to incubate the soil cores were left open to the
atmosphere and N released from M and L mulch layers
may have been leached by irrigation water into the soil.
Eucalyptus mulches appear to contribute significant min-
eral N after a year of decomposition and should be
considered as a part of comprehensive nitrogen manage-
ment programs.
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