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Abstract Disturbances have the potential to reduce soil
water and nutrient retention capacity by decreasing soil
organic matter (SOM), which is particularly true for sandy
soils characterized by an inherent low capacity to retain
nutrients and water. To restore degraded areas, several
works have shown positive effects of organic matter inputs
on soil properties and plant growth. Despite these
promising results, it is still unclear how organic matter
inputs and plant growth modify the balance between soil
nutrient and water supply. The objectives of the present
work were (1) to evaluate the effects of biosolids compost
and municipal compost addition on plant available water
(PAW), soil moisture and soil temperature in a burned
sandy soil of NW Patagonia (Argentina), and (2) to relate
PAW and soil moisture with bulk density, soil organic
carbon, nutrient availability (inorganic and potential min-
eralized nitrogen (N), extractable phosphorous) and
aboveground phytomass. An experiment with excised
vegetation and watering was also conducted. Compost
application increased SOM, but it was insufficient to
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increase PAW. The increase in potential mineralized N in
the amended soils indicated that during moist periods (and
adequate temperatures), N uptake was increased, enhanc-
ing plant growth. As a consequence, higher plant water
consumption in amended treatments resulted in lower soil
moisture than in non-amended plots during the vegetative
growth period that coincides with decreasing precipitation.
Results indicate that a relatively high dose of compost
(40 Mg ha™') applied to a sandy soil, contributed to
increase nutrient availability and consequently, above-
ground phytomass and water consumption.

Keywords Biosolids compost - Municipal compost -
Restoration - Organic amendments - Field capacity -
Permanent wilting point

Introduction

Drylands represent almost 41% of the worldwide land;
currently, 10-20% of these lands are severely degraded and
this trend is still expanding in many countries in the face of
population growth, climate change, food security and rural
poverty (Reynolds et al. 2007; Vieira et al. 2015; Cheng
et al. 2016). Dryland soils are often coarse textured due to
scant moisture and low weathering rates (Cooke et al.
1993); these soils have a very low capacity to retain
nutrients and water, which affects vegetation growth and
reduces the amounts of organic matter entering the soil.
Disturbances can further reduce the soil capacity to retain
water and nutrients by decreasing soil organic matter
(SOM) (Suzuki et al. 2007; Uzoma et al. 2011). The use of
organic amendments increases the amount of available
nutrients and has long-term effects on nutrient and water
dynamics (Clapp 2007; Reeve et al. 2012; Srivastava et al.
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2016). Several authors demonstrated the positive effects of
organic matter inputs on soil physical properties, largely
due to SOM increase and the improvement of soil aggre-
gation and pore space distribution (Khaleel et al. 1981;
Hudson 1994; Garcia-Orenes et al. 2005; Wortmann and
Shapiro 2008; Garcia Navarro et al. 2009). However, in
sandy soils the effects of organic amendments tend to be
short-term, even in semiarid regions where organic matter
decomposition is constrained by unfavorable conditions for
microbial activity (Feller et al. 1983; Weber et al. 2007,
Aranyos et al. 2016). Long-lasting effects have been
reported for sandy soils under xeric soil moisture regime,
as in Mediterranean climate, where organic matter
decomposition is strongly limited by the asynchrony
between temperature and water availability (Martinez et al.
2003; Walter et al. 2006; Bastida et al. 2008). In these
regions, the positive effects of organic amendments on
aboveground phytomass have been attributed to increases
in soil microbial activity and nutrient availability (Walter
et al. 2006; Bastida et al. 2008; Kowaljow et al. 2010);
however, results could be also influenced by higher water
availability due to increased SOM. Then, the effects of
organic amendments on plant biomass would depend on
the balance between nutrient (especially nitrogen and
phosphorus) and water supply.

The persistence of soil carbon (C) is related to the
content of reactive mineral particles such as clay and silt
that contribute to SOM stabilization, physical protection
from decomposers and soil structure formation (Wortmann
and Shapiro 2008; Ryals et al. 2014). In sandy soils, these
processes are much less effective, and the persistence of
added C is more related to the degradability of the organic
matter itself (Weber et al. 2007; Arthur et al. 2011; Castan
et al. 2016). This depends on the composition of the
original materials used for composting, i.e., the amount and
proportion of recalcitrant C (Gabrielle et al. 2004), and
whether or not the final product is screened, as unscreened
composts rich in slowly decomposable C are often rec-
ommended to enhance infiltration into compacted soil and
reduce evaporation of soil water (Rynk et al. 1992; McCoy
and Cogburn 2001).

The Patagonian steppe of Argentina is considered the
fourth largest desert in the world by area; it is limited to the
west by the Andean Mountains that constitutes a natural
barrier to the humid Westerlies, the prevailing winds from
southern Pacific Ocean. In northwestern Patagonia, forests
occupy a humid narrow area along the Andean Mountains,
separated of the arid steppe by a transitional (ecotonal)
zone, where most regional development efforts are con-
centrated. The driest portion of this ecotone is a semiarid
shrub-grass steppe affected by overgrazing and wildfires
(Oddi et al. 2013). The climate is characterized by cold and
humid winters and very dry summers, and the soils are
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coarse textured, very poor in organic C, of low water
retention and high risk of erosion (Ayesa et al. 2002). Since
in this region no studies on the effects of organic amend-
ments on soil restoration were available, we installed a
field experiment in a degraded, burned site, with urban
composts (biosolids and organic fraction of municipal solid
waste) applied only once at the beginning of the experi-
ment. In previous works, we reported chemical and bio-
logical changes during 3 years after compost application,
which consisted mainly in an increase in soil organic C,
total nitrogen (N), microbial activity and aboveground
phytomass (Kowaljow and Mazzarino 2007; Kowaljow
et al. 2010). The objectives of the present work were (1) to
evaluate the effects of compost addition on plant available
water, soil moisture and soil temperature over 3 years, and
(2) to relate plant available water and soil moisture with
bulk density, soil organic C, N and phosphorous (P) avail-
ability, and aboveground phytomass. To further investigate
the effect of plant water consumption, an experiment with
excised vegetation and watering was conducted. We
hypothesized that composts would be slowly incorporated
into the soil resulting in increased organic C and nutrient
and water availability over time, while soil temperature and
bulk density would decrease; however, greater vegetation
growth would result in no changes in soil moisture.

Materials and methods
Field experiments and response variables

A long-term experiment was installed in November 2004 in
an overgrazed pasture that had been burned by a wildfire
10 months before. The study site is located in NW Patag-
onia (40°34'24"S, 70°49'57"W) at 720 m a.s.l., and has a
4.1% SW-oriented slope. Mean annual temperature and
precipitation are 11.5 °C and 300 mm, respectively; pre-
cipitations are concentrated in the period between May and
August (autumn—winter in the southern hemisphere); soils
are Xeropsamments (Kowaljow and Mazzarino 2007).
The experiment consisted in four blocks (n = 4), each
block having five plots of 66 m? (Randomized Complete
Block Design); blocks were separated by 5 m buffer strips
and plots within blocks by 2 m strips; domestic herbivores
were excluded. Composts of different origin and post-
composting treatment were used: biosolids compost (BC)
and compost of the organic fraction of municipal solid
waste (MC), which were either unscreened (BCns, MCns)
or screened through a 5-mm mesh (BCs, MCs). Then, five
treatments were applied: four types of composts and a
control without compost (C), each replicated four times.
All composts were surface applied at a rate of 40 Mg ha™'
(dry weight) at the beginning of the study; there were no
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additional applications. The soil has a sandy texture (93%
of sand, 4% of silt and 3% of clay), and after the wildfire,
main characteristics were as follows: 14.1% volumetric soil
moisture at field capacity and 11.1% at wilting point, 6.6 of
pH, 6.0 g kg~ organic C, 0.5 g kg~ "' N, and 4.8, 3.1, and
2.3 cmol kg™' of exchangeable Ca, Mg and K, respec-
tively. BC was obtained by co-composting biosolids (15%
solid content) with wood shavings and yard trimmings
(1:1.5 ratio, v/v) in the Biosolids Composting Plant of
Bariloche city, and MC by composting on-site separated
organic domestic waste, yard trimmings and grass clip-
pings in the waste treatment facility of Villa La Angostura
city. BC was richer in organic matter and nutrients than
MC while this had higher values of pH and divalent
cations; in both composts, the highest values of organic C
corresponded to the unscreened ones (Table 1 and
Table S1 of Supplementary Material).

Soils were sampled for chemical analyses at 0—10 cm
depth, one and 2 years after compost application
(November 2005 and November 2006). Five randomly
collected subsamples were thoroughly mixed to yield one
composite sample per plot. Compost particles that
remained on the soil surface were removed before sam-
pling. For extractable P, air-dried soil, ground to pass a
2-mm mesh was employed; P was determined in 0.5 M
NaHCO; extracts (1:20 soil:solution ratio) by the molyb-
date-ascorbic acid blue method. Soil organic C was ana-
lyzed in finely ground samples (sieved by 0.5-mm mesh)
by wet-digestion (Walkley—Black). Inorganic nitrogen
(Ni = NO;~ + NH, ") and potential net N mineralization
were evaluated in field moist samples, sieved by 2-mm
mesh. Inorganic nitrogen was determined in 2 M KCl

extracts (1:5 soil:solution ratio), nitrates by the copperized
cadmium reduction and ammonium by the Berthelot
reaction (Page et al. 1982). Potential N mineralization was
assessed in laboratory incubations under controlled condi-
tions; soil samples (100 g) were incubated in plastic jars
(0.25 L) during 16 weeks, and mineralization rates were
estimated as Ni at t16 minus Ni at t0 (Kowaljow and
Mazzarino 2007).

After 1, 2 and 4 years after compost addition, field
capacity (FC) and permanent wilting point (PWP) were
measured using a pressure membrane and a pressure plate
apparatus (developed primarily by Richards 1947). For
this, air-dried soils, sieved through 2-mm mesh, were
employed (Topp and Ferré 2002); one composite soil
sample (of five subsamples) was taken from each plot
(0-10 cm depth); as for chemical analyses, surface com-
post deposits were removed before sampling. Plant avail-
able water (PAW) was calculated as the difference between
FC and PWP.

Immediately after compost application and during three
years, volumetric soil moisture (0—15 cm) was monthly or
bimonthly measured with a handheld time-domain reflec-
tometer (TDR, TRIME-FM3, Imko GmbH, Ettlingen,
Germany). Soil temperature was measured at the same
dates at 7 cm depth using digital thermometers. All mea-
surements were taken in three points per plot randomly
distributed. Soil bulk density (BD) was determined in the
topsoil (0-5 cm) by the core method only once 3 years of
compost application.

The aboveground phytomass of herbaceous plants was
assessed 2 years after compost application (November
2006) by clipping the vegetation at ground level in

Table 1 Chemical properties of
biosolids and municipal solid

Biosolids composts

Municipal composts

waste composts Screened Unscreened Screened Unscreened
BCs BCns MCs MCns
pH 5.6 (0.03) 5.4 (0.05) 7.8 (0.01) 7.6 (0.06)
EC (dS m™") 0.60 (0.02) 1.23 (0.05) 0.45 (0.12) 0.27 (0.12)
Total elements (g kg’l)
Organic C 215 (7.5) 282 (9.3) 128 (4.4) 151 (5.1)
N 15.7 (0.7) 18.4 (0.1) 7.7 (0.1) 7.0 (0.9)
Ca 12.4 (0.2) 13.7 (0.1) 49.1 3.4) 40.4 (6.3)
Mg 2.7 (0.09) 2.6 (0.01) 6.1 (0.17) 5.1 (0.18)
K 1.7 (0.01) 1.9 (0.01) 1.5 (0.06) 1.3 (0.29)
P 52 (0.4) 5.6 (0.4) 4.1 (0.18) 3.4 (0.3)
Olsen-P (mg kg™") 1286 (34.7) 1677 (90.8) 155 (17.6) 153 (26.6)

Values are means with standard deviation in brackets (data of median, minima and maxima, and skewness
coefficients are given in Table S1 of Supplementary Material)

EC electrical conductivity. Treatment codes: C control, BCs screened biosolids compost, BCns unscreened
biosolids compost, MCs screened municipal compost, MCns unscreened municipal compost
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Table 2 Soil organic C,

extractable P, inorganic N and Organjf C Extracteil:le P Inorgani(i N Pot. miE.l N
potential mineralized N after 1 (eke ) (mg ke (mg ke ) (mg ke
and 2 years of compost 1l year 2year 1year 2 year 1 year 2year 1year 2 year
applications
C 57b 55b 114b 9.0d 35a 25ab 189b 17.8b
(1.3) (0.8) (1.9) 2.3) (0.8) (1.1) 4.5) (6.2)
BCs 100a 70a 36.7a 363 a 8.7 a 33a 29.1a 282a
(2.8) 0.3) 3.7 (5.0) (5.0 (1.3) (7.4) (4.6)
BCns 9.2 a 70 a 37.8a 269ab 48a 13bc 267a 283a
(2.5) 0.5) (3.3) (10.6) 3.7 0.4) (2.8) (1.5)
MCs 82a 7.1 a 171 151cd 45a 21ab 31.1a 277a
(1.0) 0.7) 2.4) 2.4) (2.9) (1.2) (5.8) 4.2)
MCns 7.1a 6.8 a 153b 19.6bc 23a 0.7 ¢ 283a 270a
0.9) (0.9) (3.8) (10.9) (1.0) 0.1) 6.1) 5.1
Treatment effect (p value) <0.001 0.016 <0.001 <0.001 0.110 0.005 0.035 0.004
Block effect (p value) <0.001 0.182  0.387 0.095 0.391 0.070 0.819 0.016

Values are means with SD in brackets. Different letters indicate significant differences among treatments
(p < 0.05). Treatment codes as in Table 1

Table 3 Bulk density measured
after 3 years of compost
applications and plant available
water measured after 1, 2 and

Bulk density (g cm ™) Plant available water (%)

Time (years)

4 years of compost application 1 2 4
C 1.20 ¢ 4.2 3.7 3.1
0.11) 2.5) 0.7) 0.3)
BCs 1.01 ab 6.4 3.6 3.6
(0.19) (3.0 (1.3) 0.5)
BCns 0.89 a 33 2.2 4.4
(0.15) 0.9) (1.2) (1.2)
MCs 1.14 be 39 3.8 53
(0.11) 0.7) (1.8) (2.6)
MCns 1.15 be 4.6 34 4.2
(0.14) 2.1) 0.4) (0.8)
Treatment effect (p value) <0.001 ns ns ns
Block effect (p value) <0.001 ns ns ns

Values are means with SD in brackets. Different letters indicate significant differences among treatments
(p < 0.05). ns nonsignificant differences. Treatment codes as in Table 1

randomly placed quadrats of 50 cm x 50 cm (three sam-
ples per plot); samples were oven-dried at 60 °C for 48 h
and weighed.

To evaluate the effect of vegetation on soil moisture, a
plant removal experiment was conducted: 3 years after
compost application, plant aboveground phytomass was
excised at soil level in three treatments (C, BCns and
MChs) using three squares (0.25 m?) per plot. Each square
was watered to simulate a low-intensity rainfall (10 mm in
1 h). At 1, 24, 48 and 192 h after the irrigation, soil
moisture (0—15 cm) was determined with the above-men-
tioned TDR.

@ Springer

Statistical analyses

Differences among treatments were evaluated using one-
way blocked ANOVA, considering both, treatment and
block effects, as fixed (Di Rienzo et al. 2013). When
residuals did not present normal distribution, a log trans-
formation to data was applied, and when presented
heterogeneous variance general linear mixed models
(GLM) were used, and their fit evaluated using the Akaike
information criterion (Burnham and Anderson 2002).
Multiple comparisons were performed using Fisher’s least
significant difference (LSD). In all cases, differences were
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Fig. 1 Monthly precipitation and temperature (upper) and soil
moisture (middle) during 3 years of experiment. In the bottom,
details of the drying period of each year are given; asterisks indicate
significant differences among treatments (p < 0.05). Treatment

considered statistically significant at the 0.05 probability
level. To explore the effect of soil bulk density, soil organic
C and aboveground phytomass on plant available water and
soil water content, simple linear regression analyses were
performed. In all cases, the Infostat v. 2011 Statistical
Package was employed (Di Rienzo et al. 2013).

Results

Soil organic C and potential mineralized N increased sig-
nificantly with compost addition in all treatments and both
sampling dates (Table 2). Soil extractable P also increased
with compost addition, but the magnitude of the increase
was dependant on compost type, being higher in BC
treatments than in MC treatments. Inorganic N did not
change with respect to the control (Table 2). Soil bulk
density was significantly lower in the BC treatments (16
and 26% for BCs and BCns, respectively) than in the
control, but only BCns differed significantly from both MC
treatments (Table 3).

Nov Dec

Ago Sep Oct Nov

codes: C control, BCs screened biosolids compost, BCns unscreened
biosolids compost, MCs screened municipal compost, MCns un-
screened municipal compost

Despite differences in soil organic C and bulk density,
PAW values were very low and no differences were
observed among treatments at any date (Table 3). Values
of FC varied between 8.9 and 14.1%, and those of PWP
between 6.2 and 7.7%; PWP showed some differences
among treatments over the years, but no clear trends (data
not shown).

During the 3 years of soil moisture measurements
(2004-2007), mean annual air temperature ranged from 9.6
to 10.9 °C with a mean monthly maximum of 21.6 °C in
February 2005, and a mean monthly minimum of 2.4 °C in
August 2005 (Fig. 1). Annual precipitation was very vari-
able: 254 mm in 2005, 392 mm in 2006 and 158 mm in
2007 (Fig. 1). There were seasonal fluctuations in soil
moisture directly related to precipitation, which was higher
in winter and lower in summer (Fig. 1). Soil temperature
did not change with compost application, and varied
between 2 and 17 °C in autumn-winter and 13-36 °C in
spring—summer (data not shown).

There was a significant increase in aboveground phy-
tomass in both BC treatments and the MCns treatment

@ Springer
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Fig. 2 Compost effects on aboveground phytomass after 2 years of
compost application. Different letters indicate significant differences
for the same column (p < 0.05). Treatment codes as in Fig. 1

(treatment effect p = 0.029; block effect p < 0.001)
(Fig. 2). However, composts did not increase soil moisture
with respect to the control. On the contrary, when signifi-
cant differences among treatments occurred, the highest
moisture contents corresponded to the control (Fig. 1;
Table 4). These differences were only observed during the
soil drying periods, i.e., between September and November
of every year, corresponding to the spring months (Fig. 1).
When the effect of plants was removed in the experiment
with excised vegetation, no differences of soil moisture
between the control, and the considered amended treat-
ments (BCns and MCns) were found (Fig. 3).

Simple regressions analyses showed that bulk density was
not related with either plant available water or soil moisture
during the soil drying periods (data not shown). The increase
in soil organic carbon after 2 years of experiment installation
was significantly related with the decrease in soil water
content during the soil drying periods (Fig. 4). Similar
results were observed between the aboveground phytomass
measured after 2 years of experiment installation and the soil
water content during the soil drying periods (Fig. 5).

Discussion

Soil bulk density and SOM clearly changed with compost
addition, especially in the treatment amended with
unscreened biosolids compost, which still had visible
residual organic materials on the surface after 4 years of
application. However, there was no change in plant avail-
able water in the compost treatments. This could be due to
the relatively low dose of compost application
(40 Mg kg™ ") and to the coarse soil texture that hinders
soil aggregation. Duong et al. (2012) pointed out that
organic amendments improve aggregate stability directly

@ Springer

Table 4 Soil water content in months with significant differences
among treatments

Soil water content (%)

Sep-05 Oct-06  Sep-07 Nov-07
C 141a 134a 168a 8.1a
(3.5) 4.0) (1.8) 2.4)
BCs 11.7b  12.0ab 16.0abc 5.7b
(3.6) (3.0) 0.5) 0.9)
BCns 106 b 87c 13.7d 53b
3.0) (1.0) 2.7 (0.8)
MCs 120b 112b 153bcd 56b
(3.8) 2.7 (1.2) 0.4)
MCns 114b 105bc 150cd 56b
(3.2 (1.7 (1.5 0.9
Treatment effect (p value) 0.017 0.006 0.038 0.032
Block effect (p value) <0.001 <0.001 0.011 0.176

Values are means with SD in brackets. Different letters indicate
significant differences among treatments (p < 0.05). Treatment codes
as in Table 1

14 % C
S —— BCns
V12 —@— MCns
o J
2
7]
€
5 8
7]
Q
s 61
(0]
€
3 44
(]
>
2 T T T v r
TO T1 T24 T48 T192

Time (hours)

Fig. 3 Soil moisture evolution in excised vegetation quadrats after
irrigation. No significant differences were found among treatments for
any date. Treatment codes as in Fig. 1

by binding of clay and indirectly by increasing microbial
activity and the production of binding agents; however,
they found that in sandy soils with less than 13% clay such
improvements are not possible. In this type of soils,
changes of PAW were observed with very high doses
(540 Mg ha™") that especially increased soil field capacity
(Curtis and Claassen 2009). With lower doses of composts,
such as in our study, Weber et al. (2007) found short-term
effects on PAW (1 and 5 months after compost applica-
tion) that disappear thereafter. Other authors found sig-
nificant effects of composts on several physical properties
of coarse-textured soils (bulk density, porosity, infiltration
rates, saturated hydraulic conductivity), but no effects on
soil water retention (Leroy et al. 2008; Arthur et al. 2011).

In sandy soils of Mediterranean climate, Martinez et al.
(2003) found a significant decrease in runoff and soil losses
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Fig. 4 Simple linear regression analysis between soil organic carbon
(SOC) 2 years after compost application and soil water content (WC)
during months with significant differences among treatments.

after 3 and 4 years of a single application of biosolids
compost and municipal solid waste compost at a dose that
doubled ours. These authors suggested that this was a
consequence of a complex process in which plant cover
and the role of SOM in the formation of aggregates are the
major factors involved. Even at a lower dose of biosolids
compost (27 Mg ha™') applied every third year, Aranyos
et al. (2016) also found a significant improvement of water
infiltration in a sandy soil, reducing runoff and water ero-
sion under simulated high-intensity rainfall; these effects
lasted only 2 years and were strongly related with SOM
dynamics.

Amendment doses will depend not only on the main
goal of the application (fertilization, restoration or
remediation), but also on factors like climate, soil type,
amendment quality and contamination risk (Curtis and
Claassen 2009; Leon et al. 2012; Jorge-Mardomingo
et al. 2015). Furthermore, to carry and apply organic
amendments to the field are expensive activities that can
hinder high application rates (Reeve et al. 2012; Zema-
nek et al. 2012). Results of the present experiment
reported previously showed that the applied dose not
only increased SOM, nutrients, microbial activity and
plant biomass in the short-term (Kowaljow and Maz-
zarino 2007; Kowaljow et al. 2010), but also had sig-
nificant effects on chemical and biochemical soil

O
18 4
<
©
o
©
o
s
p = 0.046 .
61 R*=0.20
4 T
4 5 6 7 8
20 1
18 { p=0.037
2 _
~ 15 R°=022
X
= 14 1
o
§ 12 A ()
g 10 1
81 o)
A
6 A A
A 7 §
4 T v T 00—
4 5 6 7 8
SOC (g kg™1)

Controls open circles, BCs gray squares, BCns black squares,
MCs gray triangles, MCns black triangles

properties after 6 years, especially with biosolids com-
post (Gonzalez Polo et al. 2015).

Despite increasing SOM, this dose was not enough to
increase soil moisture. Moreover, during the vegetative
growth period of the dominant vegetation that coincides
with decreasing precipitation, i.e., from September to
November (spring in the southern hemisphere), soil mois-
ture values were lower in the compost treatments than in
the control, suggesting that compost application con-
tributed to a higher use of soil water by plants. Higher
phytomass in these treatments possibly increased the con-
sumption of water due to higher transpiration and the
ability to explore more soil volume, thus, improving the
use of a soil water portion that plants of the control treat-
ment could not use. In concordance, other studies in our
region indicated higher soil moisture in degraded areas of
low vegetation cover than in well preserved areas of high
plant cover associated to high water consumption (Bisigato
and Lopez Laphitz 2009). The plant removal experiment
showed that there were no differences in soil moisture
among treatments when vegetation was not present, par-
tially supporting the idea that soil moisture changes were
related to the water consumption by plants. Similarly, in a
sandy soil of arid productive lands amended with com-
posts, higher plant biomass and lower soil moisture during
the period of diminishing precipitation were found in

@ Springer
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Fig. 5 Simple linear regression analysis between aboveground
phytomass (AP) 2 years after compost application and soil water
content in months with significant differences among treatments.

amended plots with respect to the control (Affholder 1995).
This author suggested that compost applications could limit
grain production when the crop water demand exceeds the
soil water supply in amended plots.

In summary, in sandy soils of semiarid Patagonia, a
single compost application of 40 Mg ha~' was not
enough to increase plant available water despite signifi-
cantly increasing soil organic C and aboveground phy-
tomass. Water and N are considered the main controls of
plant productivity in arid ecosystems, and they interact
with each other (West and Skujins 1978; Mazzarino et al.
1998; Yahdjian et al. 2011). While no changes in inor-
ganic N concentrations were observed at both measured
dates, the increase in potential mineralized N in the
amended soils indicated that during moist periods (and
adequate temperatures), N uptake was increased,
enhancing plant growth. Although the applied composts
did not change soil water constants, they increased plant
available nutrients and improved the use of available
water during the crucial spring months, i.e., plant biomass
increased in the amended treatments and used water that
was also available for vegetation in the control plots but
not used due to nutrient limitation (available water was
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then prone to be lost by evaporation in these plots). A
negative effect of higher nutrient availability during very
dry years, as suggested by Affholder (1995) for crop
production, cannot be discarded. However, in arid
ecosystems a better response of native vegetation to soil
nutrient enrichment could be expected since they are
adapted to frequent disturbances such as wildfires that can
temporarily increase nutrient availability.

Conclusions

Improving soil structure with organic additions is limited in
sandy soils because organic matter is prone to rapid
decomposition, the buildup of aggregates is minimal, and
the binding effect is transient. In arid ecosystems, organic
matter decomposition is slowed down by the unfavorable
climatic conditions, but its incorporation into the soil also
occurs more slowly; consequently, the effect of organic
amendments on water availability depends markedly on the
applied dose or the frequency of application in order to
maintain adequate SOM levels. Nevertheless, the increase
in microbial activity and available nutrients with a single
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application of organic amendments can favor biomass
production and a more efficient use of soil water.

In the present work, a single application of two types of
urban composts increased SOM and nutrient availability in
a sandy soil of xeric moisture regime in NW Patagonia, but
was insufficient to improve plant available water.
Enhanced plant growth and water consumption due to
increased N availability in amended treatments resulted in
lower soil moisture than in non-amended plots. This was
especially evident during the vegetative growth period of
the dominant vegetation that coincides with decreasing
precipitation. This highlights the fact that a portion of soil
water is not being used by plants in non-amended plots due
to nutrient constraints. Results indicate that a relatively
high dose of compost application (compared to usual
agronomic rates) of 40 Mg ha™' in this arid ecosystem
contributed to increase plant available nutrients and
improved the use of available water during the crucial
spring months.
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