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Abstract

Background and aims Leaf-litter decomposition rate
(k;) regulates nutrient dynamics and is affected at
microsite level by species traits, soil biota and microcli-
mate conditions. Fallen fruits form part of the litter and
some, particularly fleshy fruits, contain large quantities
of nutrients and sugar. We estimated the amount of fruit
fall to litter, and evaluated the effect of its decomposition
and sugar content on k; in dominant species of NW
Patagonia shrublands.

Methods We selected six woody species, four with
fleshy and two with dry fruit. We followed 224 decom-
position bags with leaf or leaf+fruit throughout 1 year.
Fruit-litter and fruit sugar content were also measured.
Results and conclusions Fleshy fruit decomposition rate
was associated with changes in k;, while no effects of
dry fruit on k; were registered. We found that three of
the fleshy fruits (R. cucullatum, R. rubiginosa and
S. patagonicus) had a positive influence on k; due to
their sugar content. In contrast, Berberis microphylla
fruit had a negative effect on k;, probably due to the
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presence of antimicrobial substances in the fruit. Con-
sidering the abundance of these species and their copi-
ous fruit production, the fleshy fruits could play an
important role in determining soil fertility.

Keywords Litter quality - Dry fruit - Fleshy fruit - Sugar-
Fruit production

Introduction

Litter decomposition rate (k) regulates nutrient dynamics,
and is affected by the functional traits of the species
involved (e.g. chemical and physical characteristics of
leaf litter). At microsite level several environmental and
biological factors are involved, including soil biota and
microclimate conditions (e.g. Santos et al. 1984, Austin
and Vivanco 2006; Pérez Harguindeguy et al. 2008, de
Paz et al. 2017). Also, favorable conditions for soil
microbiota could increase litter decomposition (high tem-
perature and humidity, labile organic matter, high quality
of litter, e.g. Wardle et al. 2002). In this sense, fallen fruits
form part of the litter but constitute a material which is
very different to leaf litter, with higher humidity levels,
different physical properties, and in some cases, with
larger amounts of N, P and sugar, particularly if the fruits
are fleshy (Sandhu et al. 1990, Muoghalu et al. 1993,
Ledn —Rico et al. 2003, Damascos et al. 2008, Janick and
Paull 2008, Rathore 2009). These nutrient inputs, mainly
N and P, and high sugar concentration, are key elements
that could significantly stimulate microbial activity and
litter decomposition (e.g., Wardle et al. 2002; Ekblad and
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Nordgren 2002, Hamer and Marschner 2005; Kuzyakov
et al. 2007; Ohm et al. 2007). In addition, fleshy fruits
promote wetter micro-environmental conditions, and this
could be particularly important for microorganisms, con-
stituting a safe site, especially in regions with a dry
climate during the growing season. The presence of fruits
in litter was registered in temperate forest (Gosz et al.
1972 and Palacios-Bianchi 2002), tropical forest
(Muoghalu et al. 1993, Fournier and de Castro 1973,
Leén —Rico 2003), the Amazon jungle (Patricia and
Morellato 1992 and Chale 1996), and Mediterrancan
forest (Santa-Regina and Gallardo 1986). Surprisingly
few studies have considered the effect of fallen fruit on
litter decomposition and soil fertility (e.g. Sandhu et al.
1990, Dean et al. 1999, Ledon —Rico et al. 2003). Dean
et al. (1999) found that trees with fleshy fruit create
“fertility islands” beneath them by providing nutrients
and labile organic matter (sugar). Furthermore, additional
nutrient input was contributed to the soil below the
canopy of these trees, from the feces of dispersers and
micro-fauna attracted to the fruits (Dean et al. 1999).

In Andean forests and shrublands, the fruit produc-
tion of woody and sub-shrub species (Arena et al. 2003,
Paritsis et al. 2006, de Paz and Raffaele 2013) and the
concentrations of nutrients and sugars in fruit have been
reported for some of the shrubland species (Damascos
et al. 2008, Arena and Curvetto 2008, Arena et al.
2012). In these shrublands, dominant woody species
with fleshy fruits represent approximately 47% of the
total community (Aizen and Ezcurra 1998) and the fruit
production of these species increases after fire (Paritsis
et al. 2006; de Paz and Raffaele 2013). However, the
importance of these fruits to the shrubland soil nutrient
dynamics has yet to be studied.

In a previous study in the same shrublands in NW
Patagonia, we found no direct relationship between soil
fertility and the nutrient contribution of leaf litter pro-
duced by woody nurse species to the soil beneath them
(de Paz et al. 2017), some of these woody species being
the subject of study in the present work. For example,
the high content of nitrogen and carbon under the can-
opy of Rosa rubiginosa L. (exotic) is surprising, since
this species produces litter with relatively low concen-
trations of these elements. These results suggest that
other sources of organic matter (roots, branches and
fruits) are more important than leaves to soil nutrient
content (Wardle and Bardgett 2004, Hobbie 1992), and/
or decomposition changes produced by the presence of
fruit litter could explain these inconsistencies,
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principally in dominant fleshy-fruit species with high
fruit production (e.g. R. rubiginosa and Schinus
patagonicus (Phil.) I. M.Jonnst., (de Paz et al. 2017).

The main objective of the current study is to examine
the effects of fleshy and dry fruits of different woody
species on k;. In this paper we study fruit production,
fall, fruit sugar content, and the effects of these factors
on leaf decomposition rates in six dominant species of
post-fire shrublands in NW Patagonia.

Methods
Study area

The study area is located in Nahuel Huapi National
Park, in northwest Patagonia, Argentina. We selected
four similar sites located in the ecotone between the
humid Andean forests and the steppe (41°12'47 to
41°11'58 S and 71° 3'58.09" to 71°26'13.09” O). The
sites were located at a distance of less than 5 km apart.
The study area is characterized by 800-900 mm mean
annual precipitation and 6 °C mean annual temperature.
Soils are andisols with a low degree of development,
characterized by a high capacity to stabilize organic
matter, store water, buffer pH and retain P (Mazzarino
et al. 1998; Diehl et al. 2003). The dominant vegetation
in this transition area is shrubland. Rain occurs during
autumn and winter (March—September) in this region,
and vegetation growth is associated with the dry season
(Veblen et al. 1992) Shrublands are highly diverse com-
pared to the surrounding areas; however, soils usually
have low nutrient concentrations (de Paz 2014). Within
this setting, fires create a vegetation structure of shrub
islands that vary in size and account for 50% of plant
cover in a bare soil matrix (Cavallero et al. 2013).
Considering the characteristics of these post-fire
shrublands, the importance of plant-plant facilitation in
this environment (de Paz 2014), and the increase in fruit
production after fire (Paritsis et al. 20006), it would be
interesting to study the implications of fruit decomposi-
tion for nutrient dynamics below woody nurse species,
for different types of fruit (fleshy and dry). The vegeta-
tion is dominated by the woody species Nothofagus
antarctica (G.Forst.) Oerst, S. patagonicus, Discaria
articulata (Phil.) Miers, Berberis microphylla (Phil.)
Miers (synonym of Berberis buxifolia Lam.), Lomatia
hirsuta (Lam) Diels ex J.F. Macbr, R. rubiginosa and
R. cucullatum, all of which are nurse species. The sub-
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shrub A. splendens is another important pioneer species.
Herbaceous cover is poor and associated with below-
shrub canopy microsites, and is mainly represented by
Stipa spp., Hordeum spp., Festuca spp., and Poa spp.

Experimental design

In order to fulfill our aim, we compare the fruit fall, fruit
sugar content and decomposition rates of leaf litter with
and without fruit presence for the dominant six shrub-
land species selected. Five woody and one semi-woody
species were selected for this study: four fleshy fruit
species (Berberis microphylla, R. cucullatum, R.
rubiginosa, and S. patagonicus), and two dry fruit spe-
cies (A. splendens. and L. hirsuta). We selected five
individuals per species as a sampling unit and analyzed
as a replication. For each species, the individuals select-
ed were growing in similar micro-topographical condi-
tions (e.g. slope, exposure), were similar in size, and
where possible, isolated from other individuals.

Fruit, litter, and decomposition rates (k)

We estimated the presence of fruit in litter as percentage
fruit production minus the rates of predation before fruit
fall, since the detection of fruit in litter tramps is
underestimated (de Paz et al. 2013). Mean fruit produc-
tion per plant was estimated from the average number of
fruits from ten branches multiplied by the number of
branches carrying fruit. Fruit mass per individual was
estimated by multiplying the average number of fruits
per plant by the average mass of each fruit. To estimate
rates of fruit predation, six branches with fruit were
marked in each individual, three of which were wrapped
in tulle mesh. Predation of fruit was calculated as the
difference between the percentage of missing fruit on
the branches without tulle and the percentage of fallen
fruit inside the tulle mesh on each sampling date. Fruit
drop to litter was calculated as the weight of fruit pro-
duced per plant less the weight equivalent to the per-
centage of fruit predation. Monitoring was performed
every 15 days during the period of maximum fruit
production for each species from November 2010 to
March 2011. Using these values, the contribution of
fruit to the soil was estimated per hectare per species,
weighted by species. Sugar content in fruit was mea-
sured in ten fruits per species, using a refractometer
(measurement unit ° Bx = Brix = percentage of sucrose
in 100 g of liquid). Refraction was measured for the

fleshy fruit juice and various water solutions of dry fruits
(1:100, 1:10, and 1:1 g fruit: g water). Since this deter-
mination was made for fresh fruit, it was performed at
different times for each species throughout the growing
season, depending on fruit stock.

Leaf decomposition of the 6 study species was evalu-
ated with and without the presence of fruit in the field.
Senescent leaves were collected in square traps of 40 x
40 cm, with a plastic base of 1-mm mesh, under five
individuals for each woody species, located five to fifteen
centimeters above the soil. In the case of A. splendens
(semi-shrub species) we removed the senescent leaves
manually one year before collecting the litter, since its
senescent leaves remain attached to the plant. Thus, we
ensured that the collected litter for this species was pro-
duced by plants within our study period. Additionally,
fruits were collected directly from the tulle bags and all
the collected material was stove dried in labs at 60 °C for
72 h. The litterbag method of Bocock et al. (1960) was
used to calculate decomposition rates. We used nylon
mesh bags with a mesh size of 1 mm. This mesh is a
standard size, and includes micro fauna but excludes
meso and macrofauna. The bags were prepared with
either senescent leaves (single bags) or senescent leaves
plus fruit (mixed bags), in order to assess differences
produced by fruit in litter decomposition. Two grams
dry weight of recently fallen senescent leaves were put
in each of the single bags and the mixed bags. In the
latter, the amount of fruit added to the bag was deter-
mined according to the proportion of fallen fruit in litter
for each species (fruit weight per area/leaf litter per area).
These values ranged from 0.03 g in R. cucullatum to
2.7 g in S. patagonicus. Bag size was adapted in accor-
dance with the leaf size of each species, in order to
maintain similar density of leaves for all species. The
bags were placed in the field below the canopy of each
corresponding species in early spring (the end of Sep-
tember) and were protected with small metal cages to
prevent predation by rodents and birds. This assay com-
prised 120 single decomposition bags (n =20 per spe-
cies) and 104 mixed bags (n=20 per species, except in
species with a limited amount of litter: B. microphylla
and R. cucullatum with n =12, per species). Removal of
litter bags from the field (5 simple bags and 3 or 5 mixed
per species per season), extractions, were performed
seasonally every three months (0, 90, 180, 270 and
360 days; Steubing et al. 2001) and the remaining organic
material (ROM) was stove dried at 60 °C for 72 h for dry
weight estimation. Leaves and fruit in the mixed bags
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were independently weighed at the beginning and end of
the assay to allow independent ROM and £ estimations.
In spring of 2010 we measured the initial organic matter
(OM) of litter bags for each species so as to homogenize
incubation conditions (Pearse et al. 2013).

Data analysis

The decomposition rate (k) for each species was estimat-
ed by nonlinear regression (negative exponential model
with intercept fixed in initial mass) of the difference
between the initial weight and the ROM in each seasonal
extraction. The ROM was expressed as a percentage of
the initial OM. The analyses were performed separately
for each species, and litter separately (k;) from fruit (k)
in the mixed bags. To evaluate the effect of the fruit on
litter decomposition, the overlap of the confidence inter-
vals (95%, performed with the t student test), for k; of
single and mixed bags was compared within species. The
weight of fallen fruit was estimated as follows:

Wgr = Wrp—Wpr

where Wgp is the weight of the fallen fruit, Wry is the
total weight of fruit produced by a certain species and
Whr is the weight of the predated fruit, estimated from
the predation rate. The differences in Wy, Wpg, and Weg
of dry or fleshy fruit between groups of species and
between species of the same group were evaluated using
ANOVA nested model, with the kind factor nested in the
Functional Group factor (Zar 1996; Gelman 2007). Lev-
el of significance was set at oc=0.05.

All analysis was performed using nlme R package
(Pinheiro et al. 2012). Homoscedasticity and normality
were tested with Levene and Kolmogorov-Smirnoff test,
respectively (Zar 1996).

Results
Effect of fruit on litter decomposition rates

Average annual fruit production across all species
was 74.0+23.0 g per plant. Fleshy fruit species
produced significantly higher weight than dry fruit
species (135.0+48.0 and 22.0+7.0 g per plant,
respectively; F 1 44 =12.2, p <0.01). Additionally, differ-
ences within each type of fruit were also registered
(F 6. 44 =6.34, p >0.01). In fleshy fruit species,
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the highest production per plant was observed for
S. patagonicus and R. rubiginosa whereas
B. microphylla and R. cucullatum had the lowest
yield (Table 1). Of the dry fruit species, L. hirsuta and
A. splendens had the highest production per plant, while
D. articulata and D. juncea had the lowest (Table 1).

In general, the total fruit removal recorded was low
(3.4 +0.7%), with lower values in dry fruit species and
higher in fleshy fruit species (F ;37: 6.04, p <0.01,
Table 1). These results represent 6.6-fold more weight
of fleshy fruit per plant falling to litter than dry fruit
(F137=20.9, p<0.01, Table 1). No fruit remains on the
tree; all fruit finally falls or is predated. Species cover,
senesced matter and total mass of fruit supplied to the
litter per plant per hectare are shown in Table 1.

Total sugar content of the fleshy fruit species varied
significantly between species. Berberis microphylla and
R. rubiginosa had the highest sugar concentration (45.1
+0.5 °Bx y42.1 £2.1 °Bx; Table 1). These species were
followed by R. cucullatum (28.2+1.6 °Bx) and
S. patagonicus (6.2+0.6 °Bx). In dry fruit species
(A. splendens and L. hirsuta) total sugar content in all
tested dilutions was lower than the detection limit of the
refractometer.

Leaf litter decomposition rate was significantly higher
in mixed bags with fleshy fruits than in single litter bags
(1.3-fold for R. rubiginosa, 3.7-fold for R. cucullatum
and 1.2-fold for S. patagonicus), although this tendency
was not followed by B. microphylla, which had a nega-
tive effect on &; (decreased the rate by 62.0%, Fig. 1).
Berberis microphylla was the richest in sugar content
and the most predated of the four fleshy fruit species.
Moreover, fleshy fruit &z in the mixed bags was higher
than &, for all species (Fig. 1). No persistent fruit biomass
was detected for R. cucullatum or B. microphylla
after one year, while only 51.7% and 12.0% of the
initial mass remained in the bags for R. rubiginosa and
S. patagonicus. In dry fruit species, no difference was
found between £;. in simple and mixed bags (Fig. 1);
fruit biomass persistence was higher for these species
(A. splendens 66.5% and L. hirsuta 77.5%) and kj was
lower than for fleshy fruits (Fig. 1).

In summary, dry fruit sugar content was below the
detection limit and its presence had no effect on £;.
Three fleshy fruit species significantly increased ki in
the presence of fruit, with moderate fruit sugar concen-
trations and high k. In contrast, the fruit litter of
B. microphylla, the richest in fruit sugar, had the oppo-
site effect on & (Fig. 1).
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Table 1 Fruit production, fallen fruit (fruit production minus
depredation weighted for plant cover), Fruit sugar content (°Brix)
and Senesced matter weight (kg ha-1) per year for dominant
species, and cover in the study area. Plant cover and senesced

matter was taken from de Paz et al. (2013). Plant cover (mean +
SD) is expressed as a percentage of total area. Total plant cover is
50% of study site and 8.7% of the study site is covered by other
species presented in this table; the remaining 50% is bare soil

Species Fruit production ~ Fruit predation (%)  Fallen fruit Fruit sugar Bx ~ Senescent matter ~ Plant cover (%)
(g per plant) (kgha™) year ' (kgha ")

Fleshy fiuit 135.0+£48.0 4 10.4+5.8% 161.1 £41.1*

B. microphylla ~ 1.9+0.4° 20.0+5.2% 0.468° 45.0+0.5 14.5 24+3.7

M. boaria * 136.9 1.7+3.8

R. rubiginosa 268.0 £42.0* 0.0+0.1° 86.703° 42.1+2.1 54 32496

R. cucculatum ~ 10+0.01° 2L1+5.1° 0.001¢ 282+16 1.2 0.1+0.3

S. patagonicus 326 +172% 0.8+0.1° 219.011% 6.2+0.6 15.8 58+7.1

Dry fruit 22.0+7.0° 0.9+0.28% 24.5+10.18

A. splendens 32.0+£17.0% 22+0.1* 9.769* 0.0+0.0 120.3 3.0+53

D. articulata 8.7+7.9° 0.0+0.1° 5.156" 1.5 5.9+95

D. juncea 27+12° 0.0£0.1° 0.695° 2.4 25+7.1

L. hirsuta 440+17° 1.4+0.1° 7.252% 0.0+0.0 12.5 6.7+13.9

N. antarctica * 120.6 10.0£134

Senescent matter year-1: leaf litter + branches. *Species without fruit production in the study year

Homoscedasticity and normality: Kolmogorov-Smirnoff (K) and Levene (Fp) tests were passed: Fruit production K=0.19: p=
0.06 and Fp =0.56: p=0.55; Fruit predation (%) K=0.2: p=0.6, F. =4.4: p=0.06; Fallen fruit K=0.21: p=0.06, F =0.35:
p=0.55). Different uppercase and lowercase letters indicate significant differences between and within functional groups,

respectively (p <0.05, 95% c.i.)

7
} ® k r year'1 in mixed litter bags
[] kLyear’1 mixed litter bags
6 o kl_year’1 single litterbags
5
44
"y
<
O
>
N
~= 34 }
2 (]
(2
14 = L3
- 5 = .
= e o
0 T T T T T T
R. cuc R. rub B. mic S. pat A.int L. hir
* * * *

Fig. 1 Left axis: litter decomposition rates (k) in single and
mixed bags, and fruit decomposition rates (kz) in the mixed bags
(expressed individually). Right axis: sugar content in °Brix
(expressed as g in 100 g of juice or water solution) of two
deciduous fleshy fruit species, Ribes cucullatum (R.cuc), Rosa
rubiginosa (R. rub) and four evergreen, two of fleshy fruit,

Berberis microphylla (B. mic) and Schinus patagonicus (S. pat)
and two of dry fruit, Acaena splendens (A. int) and Lomatia
hirsuta (L.hir). Significant differences between single and mixed
bags were tested by using 95% interval confidence performed with
the t student test and they are marked with * (asterisk) under the
species name
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Discussion
Effect of fruit on leaf litter decomposition rates

The results obtained here showed the important role
played by certain fruit species in litter nutrient dynamics
in Patagonian shrublands. For two fleshy fruit species,
R. rubiginosa and S. patagonicus, fruit mass was signif-
icantly higher than the senescent material produced
throughout the year (Table 1). In this regard, the
presence of fleshy fruit from these species was
associated with an increment in k; while no dif-
ferences were registered in the mixed bags with
dry fruit. We attributed the positive influence on k;
observed for the three fleshy species (R. cucullatum,
R. rubiginosa and S. patagonicus) to their moderate
sugar content. Several studies demonstrated that when
sugar was added to soil, microbial growth was stimulat-
ed, with the consequent acceleration of litter decompo-
sition (Ekblad and Nordgren 2002; Ohm et al. 2007;
Hamer and Marschner 2005 and Kuzyakov et al. 2007).
Moreover, the magnitude of the effect seemed to be
related to &y rather than to the absolute sugar content,
thus indicating that other factors such as fruit moisture
or micronutrient content may play a role in determining
the value of k;, except in B. microphylla, as discussed in
the next paragraph. In addition, respiratory rate, an
indicator of microbial activity, is closely correlated with
litter decomposition in NW Patagonian shrublands (de
Paz 2014). Micronutrients detected in fruits of
R. rubiginosa, B. microphylla and R. magellanicum
(Damascos et al. 2008) were described as enhancers of
litter decomposition rate in tropical forests (Kaspari
et al. 2008). Furthermore, the non-significant effect on
ky registered for A. splendens and L. hirsuta was
likewise attributed to their low, non-detectable sug-
ar content. Dry fruits from these species do not
supply litter with fruit sugar, which could be a
labile carbon source consumed by microbiota
(Kuzyakov et al. 2007).

Litter decomposition rates in mixed bags with
B. microphilla fruits have the lowest k; values, regard-
less of the abundant fruit production and high sugar
content of this species. Similar fruit production and
sugar content has previously been described for differ-
ent species of Berberis (Arena et al. 2003, 2008, 2011,
2013, Rosales Laguna and Arias Arroyo 2015). A pos-
sible cause could be the presence of allelopathic sub-
stances which inhibit the growth of other plants and
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microorganisms living in the same or a nearby habitat
(Rice 2012). The negative effects of Berberis fruits on
leaf litter decomposition could be due to the presence of
berberine and other alkaloids in the fruit, with antimi-
crobial properties (Araya Rojas 2006; Meza Van Der
Molen 2008, among others). A complementary expla-
nation is based on observation by Neuvonen and
Suomela (1990) and Hagvar and Kjondal (1981). In
their work, dilute sulfuric and nitric acids were supplied
to the litter to simulate the effect of acid rain, and
hindered leaf litter decomposition was observed.
Berberis spp. fruits are also characterized by their
high citric acid content (e.g. Arena et al. 2013)
and could have the same effect on litter decompo-
sition. However, the soil beneath this species has
the highest pH within the community studied (de
Paz et al. 2017). Similarly, the other fleshy fruit
species, like Ribes spp. (Romero Rodriguez et al.
1992), Rosa rubiginosa (Adamczak et al. 2012)
and Schinus spp. (Queires et al. 2006), also had
similar organic acid and had no negative effect on
decomposition. It is possible that these acid sub-
stances do not interfere with decomposition or that
the positive effect of fruit decomposition conceals
them. Therefore, further research is needed to con-
firm whether Berberis microphylla fruits have a
strong negative impact on litter nutrient dynamics
and decomposition processes, as a result of its
high abundance in these shrublands (de Paz 2014).

The presence of S. patagonicus and R. rubiginosa
could contribute to the creation of “fertility islands”
with high values of available nutrients and reserves of
labile organic carbon in the soil (Dean et al. 1999; Leodn-
Rico 2003) due to the high production of litter and fruit
falling into the litter (Table 1), and the positive effect of
fruits on k; (Fig. 1). In a previous work, in the same
study sites and growth season, these two species were
among the species with the highest proportion of fruits
in senescent material per year (15.7% S. patagonicus, de
Paz et al. 2013, and 7.3% in R. rubiginosa, personal
observation). These proportions, and even more so the
data in the present work (see Table 1), were higher than
other environments like north temperate forest (2.8%,
Gosz et al. 1972), southern hemisphere temperate forest
(8.9%, Palacios-Bianchi 2002), tropical forest (1.3%,
Muoghalu et al. 1993, and 2.0%, Fournier and de Castro
1973), the Amazon jungle (5.7%, Patricia and Morellato
1992 and 24.8%, Chale 1996), and Mediterranean forest
(1.5%, Santa-Regina and Gallardo 1986). The present
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results are more accurate that the results found in de Paz
et al. (2013), due to the high level of predation in the
tramps used in this prior work. Moreover, this effect
could be important on a community scale because of the
abundance of S. patagonicus and R. rubiginosa in the
studied shrublands (the fourth and the fifth most
abundant woody species, respectively, Table 1). Indeed,
the fruit effect on & could explain certain inconsis-
tencies observed in the previous work (de Paz et al.
2017) regarding litter nutrient input to soil, and soil
fertility. In earlier work we observed contradictions
such as the high content of nitrogen and carbon
under the canopy of R. rubiginosa, since this
species produces litter with a relatively low con-
centration of these elements, or the similarity in
organic matter content in soils under A. splendens and
R. cucullatum, when they have quantitative and qualita-
tive differences with regard to leaf production (de
Paz et al. 2017). Our present results showed the
influence of fleshy fruits on the acceleration of
litter decomposition, and the important biomass
input to litter of some dominant woody species
in the form of fallen fruit. An alternative or com-
plementary hypothesis to test in future studies
could be that the influence of feces of disperser
animals and the associated micro and mesofauna
attracted by these species fruits could be similar or
higher than in other environments (Dean et al. 1999).

Conclusions

Fleshy fruits play an important role in litter decomposi-
tion, unlike the dry fruits of Patagonian shrublands. This
fruit effect on leaf litter decomposition is related to the
sugar and nutrient content and/or decomposition rate of
the fruits, and the antimicrobial substances present in
Berberis spp. fruits.

The impact of mixed litter and the presence of fleshy
fruit of other species on litter decomposition rates at a
community level should be addressed in further studies,
in order to better understand the magnitude of the effect
of fruit on the nutrient cycle, on a large scale.
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