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Abstract

Shrub cover in semiarid rangelands may induce changes in soil resources and ecosys-

tem functioning. However, it is unknown the real influence that shrub vegetation has

on soil quality in rangelands used for livestock purposes. We evaluated the shrub

cover effect on 12 chemical and biochemical parameters of soil quality. In a semiarid

Monte rangeland of Argentina, 6 paddocks were selected and 10 m transects were

placed in a patch with (Sh) and without shrubs (WSh). Then, sites with grasses (Sh-G

and WSh-G), bare ground-litter (Sh-BL and WSh-BL), and under shrub cover (Sh-S)

were selected. In spring 2017 and 2018, a composite soil sample (0–10 cm in depth)

was taken at each site (n = 6). Sh-G and Sh-S sites presented high values of soil

organic matter, soil organic nitrogen, particulate organic matter (POM), and cellulase

activity (CA); WSh-BL and Sh-BL sites were associated with the lowest contents of

these variables. For the rest of the soil quality parameters, the soil sampling sites

showed similar values. These results show that woody presence should not be

directly linked to soil quality loss. Although we did not detect a shrub effect in all

parameters studied, in the context of appropriate grazing management, the presence

of plant species of different functional groups has a positive effect on organic matter

and N content of soil close to them. Moreover, in these sites, high POM values repre-

sent an important reservoir of potentially available nutrients, and promote CA neces-

sary for fresh litter decomposition improving the soil quality of semiarid rangelands.
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1 | INTRODUCTION

Rangelands are one of the most widespread plant communities in the

world, occupying a fifth of Earth's surface (Estell et al., 2012). During

the last 150 years, there has been an increase in shrub cover around

the world (D'Odorico et al., 2012). Shrub encroachment is defined as

an increase in the density, cover, and biomass of plant species with a

shrub or semi-shrub growth habit, occurring in environments domi-

nated by herbaceous species (van Auken, 2009).

Within the scientific community, there are two opposing posi-

tions on shrub encroachment effects in arid and semiarid environ-

ments. On one hand, it has been shown that an increase in shrub

cover generates a more heterogeneous environment (Schlesinger

et al., 1996) and creates opportunities for colonization of new shrubs
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because it reinforces itself as abiotic (i.e., nutrient transport and water

availability) and biotic (i.e., root and microbial activity) mechanisms

determine a mobilization of soil resources (Busso et al., 2010). This

resource mobilization generates a mosaic of impoverished areas and

promotes “fertility islands” formation around shrubs (Schlesinger

et al., 1996). However, Eldridge et al. (2011) showed that an increase

in woody cover was associated with decreases in grass cover and soil

pH but also with increases in total organic carbon, total nitrogen,

exchangeable calcium, available phosphorus, and potential N minerali-

zation. For the first 0–15 cm soil depth, shrub encroachment

increased root biomass, while the density and richness of vascular

plants were not affected.

The extent to which shrub encroachment leads to soil degrada-

tion and desertification depends on functional groups of encroaching

shrubs and grass species being replaced, climatic conditions, and graz-

ing pressure (Eldridge & Soliveres, 2015; Maestre et al., 2009, 2016).

Soil quality assessment is important to conserve and rehabilitate

degraded environments. It is described as “the ability of the soil to

maintain its biological productivity, promoting the health of plants,

animals and humans” (Doran & Parkin, 1994). Soil microbiota plays a

central role in soil quality because they are involved in processes that

increase nutrient availability, such as humification, cycling, and miner-

alization of soil organic matter (SOM) (Bünemann et al., 2018). In

some environments, shrub presence has created very marked differ-

ences between shrub sites and bare interspaces, altering microbial

compositions and reducing fungi and bacteria diversity (Herman

et al., 1995; Yannarell et al., 2014). However, other studies have

reported that shrub cover increases the phosphatase, urease, and

β-glucosidase activity of the soil, enhancing organic matter availability

and soil fertility in semiarid environments (Maestre et al., 2011). High

activity and abundance of soil microbial communities under shrubs

could be related to lower temperature and radiation as a result of can-

opy shading (Bachar et al., 2012). In addition, increases in the produc-

tion of root biomass, belowground litter, and radical exudates,

together with the occurrence of hydraulic rise in woody species,

would be responsible for the effects observed (Maestre et al., 2009).

Global scale studies in different semiarid environments suggest that

multiple ecosystem functions, which include different soil quality

parameters, are maximized at moderate levels (close to 50%) of shrub

cover (Eldridge & Soliveres, 2015).

Argentine rangelands are affected by shrub encroachment pro-

cesses (Cabral et al., 2003; Peláez et al., 2010). Patagones district has

the largest native “Monte,” in the southwest of Buenos Aires Province

(Giorgetti et al., 2006). In this region, agro-ecological conditions allow

the development of livestock activity where it is common to observe

overgrazing and high stocking rates (Fernández et al., 2007). The

annual distribution of precipitation with high values during autumn

and summer allows the deep recharge of the soil in normal years,

favoring shrubs development (Kröpfl et al., 2007). However, the eco-

logical system and natural grassland species still persist in Patagones

(Peláez, 2011; Torres et al., 2018). Plant diversity preservation (herba-

ceous and woody species) has been demonstrated to be a valuable

tool against desertification in arid and semiarid zones (Maestre

et al., 2012) because the ecosystem functions are maximized by the

presence of plant species of different functional groups (Maestre

et al., 2012, 2016). Species diversity in Patagonian ecosystems allows

for mitigating adverse climatic effects; particularly shrubs can contrib-

ute to alleviating drought effects on the functioning of rangelands

(Gaitán et al., 2014). Moreover, shrubs have a positive influence on

plant diversity due to the presence of plant-facilitatory mechanisms

(Soliveres et al., 2014) that help to maintain the structural stability of

the soil, protect the grasses from the adverse effects of grazing

(Eldridge et al., 2015), recycle and store nutrients in the soil of semi-

arid environments (Maestre et al., 2009, 2016). Therefore, it becomes

necessary to study the real influence that shrub vegetation has on soil

quality in rangelands used for livestock purposes.

We hypothesize that shrub sites improve soil quality because the

presence of plant species of different functional groups favors micro-

bial activity and increases nutrient availability. The main aims of this

study were (I) to evaluate the shrub cover effect on chemical and bio-

chemical parameters of soil quality and (II) to establish relationships

among soil quality parameters across vegetation sites of different

functional groups in a semiarid Monte rangeland.

2 | MATERIALS AND METHODS

2.1 | Study site

The study was conducted in Chacra Experimental Patagones, a farm

located in southwestern Buenos Aires, Argentina (40�390S, 62�540W;

40 m.a.s.l.) in spring 2017 and 2018. This area is within the Monte

Phytogegraphical Province (Giorgetti et al., 2006). The climate is

temperate-semiarid, with precipitations concentrated in summer and

autumn. Mean annual precipitation is 430 mm (1981–2019) with a

maximum of 877 mm in 1984 and a minimum of 196 mm in 2009

(unpublished data). In 2017 and 2018, mean annual temperatures

were 15.2 and 14.9�C, and total annual precipitations were 439 and

489.5 mm, respectively. Monthly precipitation data during the study

years are shown in Figure S1.

The soil is classified as a Typic Haplocalcid (Soil Survey

Staff, 2014) with texture ranging from loamy and loam-sandy to loam-

clay-sandy (Peláez et al., 2010); soil bulk density ranging from 1.08 to

1.43 g cm�3; mean soil moisture and pH are about 5.5% and 7.3,

respectively.

The plant community is characterized by an open shrubby stra-

tum, which includes herbaceous species of different qualities for live-

stock production (Giorgetti et al., 1997; Peláez et al., 2010). The

dominant native shrub and perennial grass species are shown in

Table 1.

2.2 | Experimental design and sampling

The research was conducted in six paddocks of 10 ha each, on a

Monte rangeland (Figure 1). This area has an average shrub and grass
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cover of 36% and 19%, respectively, and is exposed to conservative

rotational grazing (Peláez et al., 2010). The prolonged drought from

2007 to 2009 did not affect shrub density in these paddocks, showing

an increase in shrub cover in the last 10 years (unpublished data).

In each paddock, 10 m transects were randomly placed in a patch

with shrubs (Sh) (shrubs cover ≥50% of total plant cover, visually esti-

mated) or without shrubs (WSh) (Figure 1). The length and number of

transects were determined considering the patches size and that plant

species in the patches were similar between the different paddocks.

Within the WSh transect, two soil sampling sites were defined:

herbaceous-grass (WSh-G) and bare ground-litter (WSh-BL) cover

(Figure 1). In Sh transects, the same sites were defined and called

Sh-G and Sh-BL, respectively. In addition, a site under shrub cover

(Sh-S) was established in these transects (Figure 1).

In November 2017, a composite soil sample (5 cores per site,

2.5 cm in diameter) was taken at each replicate site (n = 6; Figure 1),

from 0 to 10 cm deep considering that the highest amount of organic

fractions and microbial activity are concentrated in the most

superficial layers of the soil (Akinyemi et al., 2020; Carrera

et al., 2003; Herman et al., 1995). The samples were transported to

the laboratory on ice, and subsequently, each one was separated into

subsamples, some of them were refrigerated or air-dried and sieved

by 2 mm according to the parameter considered. The study was

repeated in 2018 using procedures similar to those of 2017 (same

experimental design and sampling; Figure 1), but a new set of tran-

sects was defined.

In the experimental design, each paddock was considered as a

block divided into 2 years (2017 and 2018) and the sites (soil sampling

sites) were included in the experimental design as a subfactor

(WSh-G, WSh-BL, Sh-G, Sh-BL, and Sh-S).

2.3 | Soil chemical analyses

Soil samples were analyzed to determine the following parameters:

SOM by ignition weight loss method (Martínez et al., 2018); soil

organic nitrogen (SON) by micro-Kjeldahl method (Bremner, 1996);

inorganic nitrogen (Ni) (NO3
�–N plus NH4

+–N) by steam distillation

(Mulvaney, 1996), and extractable phosphorus (Pe) by Bray Kurtz I

method (Bray & Kurtz, 1945).

The physical fractionation of SOM was performed by wet sieving

(Galantini, 2005). The fine fraction (<53 μm) was discarded, particulate

organic matter (POM) and particulate organic N (POM-N) were

obtained from medium and coarse particle size fraction (53–2000 μm)

using the same methods as for SOM and SON, respectively.

2.4 | Soil biochemical analyses

Basal soil respiration (BSR), as an indicator of the metabolic activity of

microorganisms, was determined according to the method of Iser-

meyer (Alef & Nannipieri, 1995) by incubation of soil in a closed sys-

tem with a NaOH trap for CO2. Cellulase activity (CA) was estimated

by determining the activity of endoglucanases and β-glucosidases

after incubating the samples with carboxymethylcellulose (Schinner &

Von Mersi, 1990). Colony forming units (CFU) of non-symbiotic N2-

fixing bacteria and phosphate solubilizing microorganisms were quan-

tified in nitrogen-free broth (NFB) and culture medium with Ca3(PO4)2

as an insoluble source of P (NBRIP), respectively (Herman

et al., 1995). Anaerobic nitrogen (Nan) was determined following the

method by Martínez et al. (2017) in a short-term anaerobic incubation.

Soil phosphate solubilizing capacity (PSC) was determined by incubat-

ing 1 g of soil per sample in Jensen tubes with NBRIP liquid medium

for 15 days at 28�C and constant shaking (Das & Debnath, 2006).

After that time, soluble P was determined by colorimetric technique

(Fiske & Subbarow, 1925).

2.5 | Statistical analysis

Variables were individually analyzed using analysis of variance

(ANOVA) with a split block experimental design [main factor: year

TABLE 1 Dominant shrubs and perennial grass species in the
study site.

Native shrubs

Native perennial grasses

Preferred Non preferred

Condalia microphylla

Cav

Nassella longiglumis

(Phil.) Barkworth

Sporobolus rigens

(Trin.) E. Desv.

Chuquiraga erinacea

D. Don

Nassella tenuis

(Phil.) Barkworth

Amelichloa

ambigua

(Speg.) Arriaga &

Barkworth

Larrea divaricata

Cav

Poa ligularis

Nees ex Steud

Amelichloa

brachychaeta

(Godr.) Arriaga &

Barkworth

Schinus fasciculata

(Griseb.) I.M. Johnst

Piptochaetium

napostaense

(Speg.) Hack.

Nassella

trichotoma

(Nees) Hack. ex

Arechav.

Geoffroea

decorticans

(Gillies ex Hook. &

Arn.) Burkart

Pappophorum

vaginatum

Buckley

Brachyclados

lycioides

D. Don

Sporobolus cryptandrus

(Torr.) A. Gray

Lycium chilense

Miers ex Bertero

Jarava plumosa

(Spreng.) S.W.L. Jacobs

& J. Everett

Neltuma alpataco

(Phil.) C.E. Hughes &

G.P. Lewis

Prosopidastrum

angusticarpum

R.A. Palacios & Hoc

Note: Perennial grass species were classified according to their forage

quality (Giorgetti et al., 1997; Peláez et al., 2010). All species scientific

names have been updated according to http://www2.darwin.edu.ar/.
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(2017 and 2018); subfactor: site (Sh-G, Sh-BL, Sh-S, WSh-G, and

WSh-BL)] to evaluate shrub cover effect on chemical and biochemical

parameters of soil quality. In the variables (i.e., SOM, Pe, CA, and CFU

NBRIP) that the ANOVA detected a significant interaction (p ≤ 0.05)

between the factors year and site, we proceeded to separate the anal-

ysis by year, to compare the means among sites, and to separate by

the site to compare the means between years. The variables SOM, Pe,

CA, and CFU in the NFB medium were transformed to ln (x) and

POM, BSR, and CFU in the NBRIP medium were transformed to √x to

comply with the ANOVA assumptions of normality and homoscedas-

ticity (Sokal & Rohlf, 1984). A comparison of means was conducted

using the protected Fisher test (LSD), with a significance level of 0.05.

All reported data correspond to untransformed values.

A principal component analysis (PCA) was performed to establish

relationships among soil quality parameters across soil sampling sites.

Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy

(KMO > 0.50) and Bartlett's test of sphericity (p < 0.05) were con-

ducted to evaluate the suitability of individual and set variables for

PCA. The selection of the main components was determined by the

latent root criterion (eigenvalues >1.0).

All statistical analyses were conducted with Infostat and XLSTAT

software (Addinsoft, 2022; Di Rienzo et al., 2018).

3 | RESULTS

3.1 | Chemical parameters of soil quality

Soil sampling sites presented similar SOM contents in 2017. However,

in 2018, Sh-S sites presented higher values of this parameter than

Wsh-G and bare ground-litter soils in both, shrub and without shrubs

transects (Figure 2a).

Grass and shrub soils of shrub transects showed the highest POM

and in all studied sites values were higher in 2018 than in 2017

(Figure 2b). Shrub soils presented higher mean values of SON than

bare ground-litter soils of transects with and without shrubs

(Figure 2c). All sampling sites showed similar values for the rest soil

quality parameters related to the N cycle (Figure 2d,e).

Mean values of Pe varied between different sites and study years.

In 2017 within shrub transects, Sh-S sites showed higher Pe than bare

ground-litter and grass soils (Figure 2f). However, in 2018, Sh-S sites

presented the highest values for this parameter and grass soils pre-

sented higher Pe in shrub than without shrub transects (Figure 2f).

3.2 | Biochemical parameters of soil quality

Sampling sites showed similar soil microorganisms' overall activity esti-

mated from BSR (Figure 3a). Values of CA varied between different

sites and study years. In 2017 within each transect, activity values were

higher in sites with vegetation cover than in bare ground-litter soils

(Figure 3b). However, in 2018, all sites within shrub transects pre-

sented higher CA than those in transects without shrubs (Figure 3b).

Regarding counts performed on selective media, there were no

significant differences between sites in CFU of non-symbiotic N2-

fixing bacteria growing in NFB (Figure 3c). Only in 2017, CFU of phos-

phate solubilizing microorganisms growing in NBRIP of bare ground-

litter soils were higher in shrub than without shrub transects, whereas

for grass soils there was no significant effect of shrub cover

(Figure 3d).

F IGURE 1 Experimental design used for soil sampling (0–10 cm depth) on a Monte rangeland, Chacra Experimental Patagones, Buenos Aires,
Argentina.
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In both years, all studied sites presented similar Nan and PSC

values (Figure 3e,f).

3.3 | Relationships among soil quality parameters

In 2017, the parameters CFU NBRIP, CFU NFB, and PSC were not

included in the PCA, because they presented individual adequacy

values less than 0.5. For the set of variables, KMO measure of

sampling adequacy was 0.687 and Bartlett's test of sphericity was

highly significant (p < 0.0001, Table 2). The first three PCA's compo-

nents showed a 75% contribution rate and contained almost all the

analyzed information (Table 3). The first principal component's eigen-

value was 3.89 and displayed a positive correlation with SOM, POM,

SON, Pe, BSR, CA, and Nan (r ≥ 0.6; Tables 3 and 4). The second prin-

cipal component's eigenvalue was 1.87 and displayed a positive corre-

lation with SOM, POM-N, and Ni (r > 0.4) and negative with CA

(r < �0.4; Tables 3 and 4). The third principal component's eigenvalue

F IGURE 2 Mean soil chemical parameters of soil quality in different sites with shrubs (Sh) or without shrubs (WSh) and soil cover: Bare
ground-litter (BL), Grass (G), and Shrub (S). Each histogram is the mean ± 1 SE. Different lowercase letters (a and f) indicate significant differences
(n = 6; Fisher's LSD, p ≤ 0.05) between sites for 2017 and 2018. Different uppercase letters (b, c, d, and e) indicate significant differences
(n = 12; Fisher's LSD, p ≤ 0.05) between sites in both years. *Indicate significant differences (Fisher's LSD, p ≤ 0.05) between years within each
site. Ni, inorganic nitrogen; Pe, extractable phosphorous; POM, particulate organic matter; POM-N, particulate organic nitrogen; SOM, soil
organic matter; SON, soil organic nitrogen.
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was 0.97 and displayed a positive correlation with BSR (r > 0.6;

Tables 3 and 4). The first two components recovered more than 55%

of the total variance of SOM, POM, SON, POM-N, Ni, CA, and Nan.

Sh-S sites were associated with higher values of SOM, SON, Nan, CA,

and POM compared to bare ground-litter soils of transects with and

without shrubs (Figure 4a); grass soils presented intermediate values

to those of the other sites in both transects, whereas variables Ni and

POM-N were not associated with any soil sampling site (Figure 4a).

The first and third components obtained an 86% reconstruction of

BSR that did not show a relationship with any site.

In 2018, the parameter CFU NFB was not considered in the PCA,

because it presented individual adequacy values less than 0.5. For the

set of variables, KMO measure of sampling adequacy was 0.716 and

Bartlett's test of sphericity was highly significant (p < 0.0001,

Table 2). The contribution rate of the first three PCA's components

was 67%, and also contained almost all the analyzed information

(Table 3). The first principal component's eigenvalue was 4.44 dis-

played a positive correlation with SOM, POM, Ni, SON, POM-N, CA,

and BSR (r > 0.5) and negative with PSC (r < �0.5) (Tables 3 and 4).

The second principal component's eigenvalue was 1.65 and displayed

F IGURE 3 Mean soil biochemical parameters of soil quality in different sites with shrubs (Sh) or without shrubs (WSh) and soil cover: bare
ground-litter (BL), grass (G), and shrub (S). Each histogram is the mean ± 1 SE. Different uppercase letters (a, c, e, and f) indicate significant
differences (n = 12; Fisher's LSD, p ≤ 0.05) between sites in both years. Different lowercase letters (b and d) indicate significant differences
(n = 6; Fisher's LSD, p ≤ 0.05) between sites for 2017 and 2018. * Indicate significant differences (Fisher's LSD, p ≤ 0.05) between years within

each site. BSR, basal soil respiration; CA, cellulase activity; CFU NBRIP, colony forming units in NBRIP; CFU NFB, colony forming units in NFB;
Nan, anaerobic nitrogen; PSC, phosphate solubilizing capacity.
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a positive correlation with Pe, CA, and PSC (r ≥ 0.5) and negative with

BSR (r < �0.6) (Tables 3 and 4). The third principal component's eigen-

value was 1.24 and displayed a positive correlation with CFU NBRIP

and Nan (r > 0.4) and negative with Ni (r < �0.4) (Tables 3 and 4). The

first two components explained more than 55% of the total variance

of SOM, POM, SON, POM-N, BSR, CA, and PSC. Sh-S sites were

associated with higher values of SOM, POM, Ni, SON, POM-N, CA,

and BSR and lower values of PSC compared to WSh-BL sites, whereas

grass soils of shrub transects presented intermediate values to those

of the other sites (Figure 4b). The first and third components obtained

more than 50% reconstruction of Ni and Nan that did not show a rela-

tionship with any site.

4 | DISCUSSION

This study is the first to perform a holistic approach to shrub effects

on several chemical and biochemical parameters of soil quality in the

semiarid rangelands of northwestern Patagonia. Although we did not

detect an improvement in all variables, as expected in the hypothesis,

the results show that in the context of conservative rotational grazing,

shrub presence has a positive effect on different indicators of soil

quality, mainly with those related to C cycle and organic matter

decomposition (i.e., SOM, POM, SON, and CA).

TABLE 2 Kaiser–Meyer–Olkin (KMO) measure of sampling
adequacy and Bartlett's test of sphericity for principal component
analysis in each study year (2017 and 2018).

2017

KMO 0.687

Bartlett's test of sphericity χ2 127.923

df 36

p-value <0.0001

2018

KMO 0.716

Bartlett's test of sphericity χ2 139.065

df 55

p-value <0.0001

TABLE 3 Results of principal component analysis (PCA) performed in 2017 and 2018. Eigenvalues, proportion, and cumulative variance are
explained by the first three PCA's components.

2017 2018

Component Component

1 2 3 1 2 3

Eigenvalue 3.89 1.87 0.97 4.44 1.65 1.24

Proportion of variance 0.43 0.21 0.11 0.4 0.15 0.11

Cumulative variance 0.43 0.64 0.75 0.4 0.55 0.67

TABLE 4 Results of principal
component analysis (PCA) performed in
2017 and 2018. Correlations between
the considered soil quality parameters
and PCA's components.Soil quality parameter

2017 2018

Component Component

1 2 3 1 2 3

SOM 0.73 0.51 �0.18 0.93 0.06 0.08

POM 0.8 �0.35 �0.29 0.81 0.15 �0.23

SON 0.8 0.15 �0.26 0.9 0.01 0.13

POM-N 0.27 0.82 �0.13 0.77 0.15 �0.22

Ni 0.11 0.74 0.31 0.53 �0.37 �0.48

Pe 0.6 �0.04 �0.36 0.1 0.65 �0.33

BSR 0.64 0.07 0.67 0.53 �0.62 �0.0038

CA 0.79 �0.41 0.25 0.57 0.57 �0.12

Nan 0.78 �0.27 0.21 0.47 0.09 0.72

CFU NBRIP 0.29 0.27 0.49

PSC �0.57 0.5 �0.07

Note: Soil quality parameters: soil organic matter (SOM); particulate organic matter (POM); soil organic

nitrogen (SON); particulate organic nitrogen (POM-N); inorganic nitrogen (Ni); available phosphorous (Pe);

basal soil respiration (BSR); cellulase activity (CA); anaerobic nitrogen (Nan); colony forming units in

NBRIP (CFU NBRIP); and phosphate solubilizing capacity (PSC).
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4.1 | Shrub cover effect on chemical parameters of
soil quality

The SOM values were different between years and sampling sites.

Only in 2018, high organic matter contents were detected in Sh-G

and Sh-S sites (Figure 2a). Precipitations during 2018 were higher

than in 2017 (489.5 and 439 mm, respectively), and spring rains

doubled those registered during the same period with regard to the

first study year (Figure S1). Higher precipitation has been associated

with increases in shrubs species litter production and in germination

and establishment of annual species (Campanella & Bertiller, 2010;

Torres et al., 2021); these events increase organic matter contribu-

tions to the soil favoring decomposition processes (Ambrosino

et al., 2019).

Particulate organic matter represents the youngest and most

active organic material in the soil and its decomposition is heavily

dependent on residue input and weather conditions (Martínez

et al., 2017). Campanella and Bertiller (2010) studied leaf litterfall pat-

terns of perennial plant species (shrubs and grasses) in arid Patagonia

and demonstrated that in most shrub species, and Poa ligularis (pre-

sent in the soil sampling sites) increased precipitation was related to

increased litter production. Moreover, Chuquiraga erinacea, one of the

shrubs species with the greatest coverage and abundance in the stud-

ied transects (19.8% and 0.6 plants m�2; unpublished data), has the

main peak of leaf litter production in winter-early spring

(Campanella & Bertiller, 2010). These findings contribute to explain

the interannual differences registered in our study and higher POM

values in Sh-G and Sh-S sites in both years (Figure 2b). High fresh

organic matter content in the Sh-G sites represents an increase in the

reserve of nutrients potentially available to mineralize and demon-

strates the beneficial effect of shrubs on soil quality proposed in the

study hypothesis.

The quantity and quality of litter exert an important control on

the N dynamics in semi-arid environments (Ambrosino et al., 2019,

2021). Studies carried out in the Phytogeographic Province of Monte

have shown diverse results in relation to soil N dynamics. Mazzarino

et al. (1996) found higher Ni contents in grass-shrub patches than in

grass patches and those without vegetation. Carrera et al. (2003)

found higher SON contents under evergreen shrubs than perennial

grasses; however, these differences were lower than expected consid-

ering the litter quality provided by each plant functional group. In our

study, Sh-S sites presented higher values of SON than BL soils in both

WSh-BL and Sh-BL sites (Figure 2c). A low N reabsorption from green

leaves of shrubs leads to litter production with higher N contents that

increase the SON values (Mazzarino et al., 1996). Although we

observed a slight tendency towards higher POM-N and Ni contents in

shrub transects these differences were not significant when both

parameters were studied separately (Figure 2d,e). Studies that ana-

lyzed the composition of green and senescent leaves of the same

shrub species present in our studied transects found a high concentra-

tion of phenolic compounds in evergreen shrubs of the genus Larrea

and high concentrations of lignin in evergreen shrubs of the genus

F IGURE 4 Bi-plot graphic of principal component analysis (PCA) performed in 2017 (a) and 2018 (b) on chemical and biochemical parameters
of soil quality and its relation with different sites with shrubs (Sh) or without shrubs (WSh) and soil cover: bare ground-litter (BL), grass (G) and

shrub (S). Parameters analyzed: soil organic matter (SOM); particulate organic matter (POM); soil organic nitrogen (SON); particulate organic
nitrogen (POM-N); inorganic nitrogen (Ni); extractable phosphorous (Pe); basal soil respiration (BSR); cellulase activity (CA); colony forming units
in NBRIP (CFU NBRIP); anaerobic nitrogen (Nan); and phosphate solubilizing capacity (PSC). Percent of variability explained by each principal
component (PC) is shown in parentheses on each axis. Cophenetic correlation: 0.923 (a) and 0.912 (b).
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Chuquiraga and deciduous shrub Neltuma alpataco (Campanella &

Bertiller, 2011). Secondary compounds in the litter may delay N

release to the soil and N cycling (Carrera et al., 2009). Moreover, live-

stock directly and indirectly affect soil nitrogen dynamics (Sirotnak &

Huntly, 2000). In the sampling sites, soil disturbance, trampling, and

incorporation of feces and urine together with selective herbivory by

cattle might homogenize soil properties and decrease the effect of

species functional groups on N availability.

Extractable phosphorus values varied between sites and study

years and it was difficult to establish a clear distribution pattern.

Within the Sh transects, Sh-S sites presented the highest Pe values in

both years; while in 2018, grass soils presented higher Pe in shrub

than without shrub transects (Figure 2f). Several studies show that

shrubs can alter soil physicochemical characteristics through their rad-

ical exudates (L�opez et al., 2003), increasing phosphatase activity

responsible for P organic mineralization to soluble forms available for

plants (Akinyemi et al., 2020; Maestre et al., 2011). These findings

could be responsible for the higher Pe values found in shrub sites in

our study (Figure 2f).

4.2 | Shrub cover effect on biochemical
parameters of soil quality

No effect of shrub presence was detected on BSR when this parame-

ter was analyzed individually (Figure 3a). These results are opposite to

those expected in the hypothesis and those reported in other studies

where higher values of soil respiration were detected beneath shrub

plants than in sites without them (Chandregowda et al., 2018). How-

ever, results obtained using more sensitive parameters, such as CA,

showed higher activity in vegetation patches than in bare ground-

litter soils (Figure 3b). Moreover, in 2018 a clear effect of shrub pres-

ence was detected since all soil samples of sites in shrub transects

presented higher activity than those obtained in without shrubs ones

(Figure 3b). These results could be related to high contents of SOM,

POM, and SON in both Sh-G and Sh-S sites (Figure 2a–c); high residue

input and soil organic carbon favor the microbial activity of inducible

enzymes and organic matter decomposition processes (Akinyemi

et al., 2020; Maestre et al., 2009, 2011).

In general, CFU of non-symbiotic N2-fixing and phosphate-

solubilizing bacteria were not affected by the presence of shrubs; the

same occurred with the PSC of the soil (Figure 3c,d,f). It is possible

that the availability of N and P may not have been a determining fac-

tor in promoting the development of these microorganisms or affect-

ing phosphate solubilization capacities in any of the soils tested.

Anaerobic nitrogen is considered a soil quality indicator and vari-

ous studies report higher values of potential mineralization of N in

shrub sites, mainly due to better microclimatic conditions below their

canopy and availability of labile substrates (Carrera et al., 2003;

Chandregowda et al., 2018; Eldridge et al., 2011). In our study, when

Nan was studied individually, no significant differences were observed

between years and soil samples (Figure 3e). These results could be

due to the fact that most of the labile N fractions available for miner-

alization were similar among the different study sites.

4.3 | Relationships among soil quality parameters
across vegetation sites of different functional groups

Chemical and biochemical parameters followed different association

patterns according to the year considered; however, values of SOM,

POM, SON, and CA were positively correlated and associated with

Sh-S in both years and Sh-G sites in 2018 (Table 4 and Figure 4).

These results are in agreement with the study hypothesis and demon-

strate an improvement in soil quality due to the presence of plant spe-

cies of different functional groups compared to areas dominated by

grass species. Thirty-two percent of the woody species in Sh transects

are deciduous, with representatives of the Fabaceae family (Torres

et al., 2021). These shrubs' species favor the absorption of nitrogen

by grasses growing beneath them, herbaceous biomass production,

and atmospheric N fixation (Gargaglione et al., 2014). The higher litter

contribution increases microbial biomass (Yannarell et al., 2014) and

through root exudates shrubs can stimulate heterotrophic soil micro-

organisms (Wallenstein et al., 2007) and mineralization of organic mat-

ter (Gargaglione et al., 2014), enhancing CA necessary for fresh litter

decomposition.

Bare ground-litter sites among vegetation patches are the result

of topographic characteristics and previous grazing mismanagement

(Ambrosino et al., 2018). Contrary to what happened in Sh-G and

WSh-G sites, BL soils of the WSh-BL and Sh-BL sites were associated

with the lowest values of SOM, POM, SON, and CA in both years

(Figure 4). These results show that in this semiarid environment shrub

cover would have a higher impact on the soil quality of the herba-

ceous stratum than on bare interspaces. Moreover, in 2018, Sh-G

sites were associated with higher values of SOM, POM, SON, and CA

compared to WSh-G sites (Figure 4b), demonstrating that shrub pres-

ence should not be generalized as an indicator of ecological degrada-

tion of semiarid environments since soils were linked to increased

values of most chemical and biochemical parameters studied.

5 | CONCLUSIONS

The results of this study showed that the presence of shrub species in

the Monte rangeland should not be directly linked to the formation of

fertility islands under them affecting adjacent open spaces and favor-

ing soil quality loss. Although we did not detect a shrub effect in all

parameters studied, in the context of appropriate grazing manage-

ment, the presence of plant species of different functional groups has

a positive effect on organic matter and N content of soil close to

them. Moreover, in these sites, high POM values represent an impor-

tant reservoir of potentially available nutrients and promote CA nec-

essary for fresh litter decomposition improving the soil quality of

semiarid rangelands.
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Shrub encroachment is a complex and multifaceted phenomenon,

long-term studies are needed to monitor soil quality in patches with

different functional groups of plant species. However, synergistic

interactions between different plant species and the positive effect of

shrubs on soil should be considered in the implementation of sustain-

able management practices aimed to improve forage resources and

reduce desertification processes in semiarid environments.

ACKNOWLEDGMENTS

The authors would like to thank the financial support given by Univer-

sidad Nacional del Sur (UNS; PGI 24/A245), Consejo Nacional de

Investigaciones Científicas y Técnicas (CONICET; PIP 00211), and

Facultad de Ciencias Exactas y Naturales, Universidad Nacional de La

Pampa (Resol. 33/18 CD). The authors also acknowledge Gustavo

Rodríguez and Damián Ponce, Chacra Experimental Patagones, Minis-

terio de Asuntos Agrarios, Buenos Aires Province, who provided field

facilities and helped us with fieldwork.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

Research data are not shared.

ORCID

Mariela Lis Ambrosino https://orcid.org/0000-0003-3851-5045

Yanina Alejandra Torres https://orcid.org/0000-0002-4129-0695

Cinthia Tamara Lucero https://orcid.org/0000-0001-8845-4784

REFERENCES

Addinsoft. (2022). XLSTAT statistical and data analysis solution. New York,

NY. https://www.xlstat.com/es

Akinyemi, D. S., Zhu, Y., Zhao, M., Zhang, P., Shen, H., & Fang, J. (2020).

Response of soil extracellular enzyme activity to experimental precipi-

tation in a shrub-encroached grassland in Inner Mongolia. Global Ecol-

ogy and Conservation, 23, e01175. https://doi.org/10.1016/j.gecco.

2020.e01175

Alef, K., & Nannipieri, P. (1995). Methods in applied soil microbiology and

biochemistry (p. 576). Academic Press.

Ambrosino, M. L., Busso, C. A., Torres, Y. A., Ithurrart, L. S., Martínez, J. M.,

Minoldo, G., Cardillo, D. S., & Palomo, I. R. (2019). Plant litter decom-

position in a semi-arid rangeland of Argentina: Species and defoliation

effects. Rangeland Journal, 41, 371–381. https://doi.org/10.1071/

RJ18070

Ambrosino, M. L., Cabello, M. N., Busso, C. A., Velázquez, M. S.,

Torres, Y. A., Cardillo, D. S., Ithurrart, L. S., Montenegro, O. A.,

Giorgetti, H., & Rodriguez, G. (2018). Communities of arbuscular

mycorrhizal fungi associated with perennial grasses of different forage

quality exposed to defoliation. Journal of Arid Environments, 154, 61–
69. https://doi.org/10.1016/j.jaridenv.2018.03.010

Ambrosino, M. L., Martínez, J. M., Busso, C. A., Minoldo, G. V.,

Torres, Y. A., Ithurrart, L. S., & Cardillo, D. S. (2021). Plant species and

defoliation effects on soil nitrogen mineralization in semiarid rangeland

of Argentina. Soil Science & Plant Nutrition, 21, 2511–2517. https://
doi.org/10.1007/s42729-021-00542-9

Bachar, A., Soares, M. I. M., & Gillor, O. (2012). The effect of resource

islands on abundance and diversity of bacteria in arid soils. Microbial

Ecology, 63, 694–700. https://doi.org/10.1007/s00248-011-9957-x

Bray, R. A., & Kurtz, L. T. (1945). Determination of total, organic, and avail-

able forms of phosphorus in soils. Soil Science, 59, 39–46. https://doi.
org/10.1097/00010694-194501000-00006

Bremner, J. M. (1996). Nitrogen-Total. In D. L. Sparks (Ed.), Methods of soil

analysis. Chemical methods (pp. 1085–1121). American Society of

Agronomy and Soil Science Society of America.

Bünemann, E. K., Bongiorno, G., Bai, Z., Creamer, R. E., De Deyn, G., de

Goede, R., Fleskens, L., Geissen, V., Kuyper, T. W., Mäder, P.,

Pulleman, M., Sukkel, W., van Groenigen, J. W., & Brussaard, L. (2018).

Soil quality–A critical review. Soil Biology and Biochemistry, 120, 105–
125. https://doi.org/10.1016/j.soilbio.2018.01.030

Busso, C. A., Bonvissuto, G. L., & Torres, Y. A. (2010). Seedling recruitment

and survival of two desert grasses in the monte of Argentina. Land

Degradation and Development, 23, 116–129. https://doi.org/10.1002/
ldr.1060

Cabral, A. C., De Miguel, J. M., Rescia, A. J., Schmitz, M. F., & Pineda, F. D.

(2003). Shrub encroachment in Argentinean savannas. Journal of Vege-

tation Science, 14(2), 145–152. https://doi.org/10.1111/j.1654-1103.
2003.tb02139.x

Campanella, M. V., & Bertiller, M. B. (2010). Leaf litterfall patterns of

perennial plant species in the arid Patagonian Monte, Argentina. Plant

Ecology, 210, 43–52. https://doi.org/10.1007/s11258-010-9736-7
Campanella, M. V., & Bertiller, M. B. (2011). Is N-resorption efficiency

related to secondary compounds and leaf longevity in coexisting plant

species of the arid Patagonian Monte, Argentina? Austral Ecology,

36(4), 395–402. https://doi.org/10.1111/j.1442-9993.2010.02165.x
Carrera, A. L., Bertiller, M. B., Sain, C. L., & Mazzarino, M. J. (2003). Rela-

tionship between plant nitrogen conservation strategies and the

dynamics of soil nitrogen in the arid Patagonian Monte, Argentina.

Plant and Soil, 255, 595–604. https://doi.org/10.1023/A:

1026087419155

Carrera, A. L., Mazzarino, M. J., Bertiller, M. B., del Valle, H. F., &

Carretero, E. M. (2009). Plant impacts on nitrogen and carbon cycling

in the Monte Phytogeographical Province, Argentina. Journal of Arid

Environments, 73, 192–201. https://doi.org/10.1016/j.jaridenv.2008.
09.016

Chandregowda, M. H., Murthy, K., & Bagchi, S. (2018). Woody shrubs

increase soil microbial functions and multifunctionality in a tropical

semi-arid grazing ecosystem. Journal of Arid Environments, 155, 65–72.
https://doi.org/10.1016/j.jaridenv.2018.02.006

Das, A. C., & Debnath, A. (2006). Effect of systemic herbicides on N2-fixing

and phosphate solubilizing microorganisms in relation to availability of

nitrogen and phosphorus in paddy soils of West Bengal. Chemosphere,

65(6), 1082–1086. https://doi.org/10.1016/j.chemosphere.2006.

02.063

Di Rienzo, J. A., Casanoves, F., Balzarini, M. G., Gonzalez, L., Tablada, M., &

Robledo, C. W. (2018). InfoStat versi�on 2018. Centro de Transferencia

InfoStat, FCA, Universidad Nacional de C�ordoba, Argentina. http://

www.infostat.com.ar

D'Odorico, P., Okin, G. S., & Bestelmeyer, B. T. (2012). A synthetic review

of feedbacks and drivers of shrub encroachment in arid grasslands.

Ecohydrology, 5, 520–530. https://doi.org/10.1002/eco.259
Doran, J. W., & Parkin, T. B. (1994). Defining and assessing soil quality. In

J. W. Doran, D. C. Coleman, D. F. Bezdicek, & B. A. Stewart (Eds.),

Defining soil quality for a sustainable environment (pp. 3–21). SSSA.
Eldridge, D. J., Beecham, G., & Grace, J. B. (2015). Do shrubs reduce the

adverse effects of grazing on soil properties? Ecohydrology, 8(8),

1503–1513. https://doi.org/10.1002/eco.1600
Eldridge, D. J., Bowker, M. A., Maestre, F. T., Roger, E.,

Reynolds, J. F., & Whitford, W. G. (2011). Impacts of shrub

encroachment on ecosystem structure and functioning: Towards a

global synthesis. Ecology Letters, 14, 709–722. https://doi.org/10.

1111/j.1461-0248.2011.01630.x

Eldridge, D. J., & Soliveres, S. (2015). Are shrubs really a sign of declining

ecosystem function? Disentangling the myths and truths of woody

AMBROSINO ET AL. 3415

https://orcid.org/0000-0003-3851-5045
https://orcid.org/0000-0003-3851-5045
https://orcid.org/0000-0002-4129-0695
https://orcid.org/0000-0002-4129-0695
https://orcid.org/0000-0001-8845-4784
https://orcid.org/0000-0001-8845-4784
https://www.xlstat.com/es
https://doi.org/10.1016/j.gecco.2020.e01175
https://doi.org/10.1016/j.gecco.2020.e01175
https://doi.org/10.1071/RJ18070
https://doi.org/10.1071/RJ18070
https://doi.org/10.1016/j.jaridenv.2018.03.010
https://doi.org/10.1007/s42729-021-00542-9
https://doi.org/10.1007/s42729-021-00542-9
https://doi.org/10.1007/s00248-011-9957-x
https://doi.org/10.1097/00010694-194501000-00006
https://doi.org/10.1097/00010694-194501000-00006
https://doi.org/10.1016/j.soilbio.2018.01.030
https://doi.org/10.1002/ldr.1060
https://doi.org/10.1002/ldr.1060
https://doi.org/10.1111/j.1654-1103.2003.tb02139.x
https://doi.org/10.1111/j.1654-1103.2003.tb02139.x
https://doi.org/10.1007/s11258-010-9736-7
https://doi.org/10.1111/j.1442-9993.2010.02165.x
https://doi.org/10.1023/A:1026087419155
https://doi.org/10.1023/A:1026087419155
https://doi.org/10.1016/j.jaridenv.2008.09.016
https://doi.org/10.1016/j.jaridenv.2008.09.016
https://doi.org/10.1016/j.jaridenv.2018.02.006
https://doi.org/10.1016/j.chemosphere.2006.02.063
https://doi.org/10.1016/j.chemosphere.2006.02.063
http://www.infostat.com.ar
http://www.infostat.com.ar
https://doi.org/10.1002/eco.259
https://doi.org/10.1002/eco.1600
https://doi.org/10.1111/j.1461-0248.2011.01630.x
https://doi.org/10.1111/j.1461-0248.2011.01630.x


encroachment in Australia. Australian Journal of Botany, 62, 594–608.
https://doi.org/10.1071/BT14137

Estell, R., Havstad, K. M., Cibils, A., Anderson, D., Schrader, T., & James, K.

(2012). Increasing shrub use by livestock in a world with less grass.

Rangeland Ecology & Management, 65, 553–562. https://doi.org/10.
2111/REM-D-11-00124.1

Fernández, O. A., Gil, M. E., & Distel, R. A. (2007). The challenge of range-

land degradation in a temperate semiarid region of Argentina: The Cal-

denal. Land Degradation and Development, 18, 1–10. https://doi.org/
10.1002/ldr.851

Fiske, C. H., & Subbarow, Y. (1925). The colorimetric determination of

phosphorus. Journal of Biological Chemistry, 66(2), 375–400. https://
doi.org/10.1016/S0021-9258(18)84756-1.

Gaitán, J. J., Bran, D., Oliva, G., Maestre, F. T., Aguiar, M. R., Jobbágy, E.,

Buono, G., Ferrante, D., Nakamatsu, V., Ciari, G., Salomone, J., &

Massara, V. (2014). Plant species richness and shrub cover attenuate

drought effects on ecosystem functioning across Patagonian range-

lands. Biology Letters, 10(10), 20140673. https://doi.org/10.1098/rsbl.

2014.0673

Galantini, J. A. (2005). Separaci�on y análisis de las fracciones orgánicas. In

L. Marban & S. Ratto (Eds.), Manual “Informaci�on y Tecnología en los

Laboratorios de Suelos para el Desarrollo Agropecuario Sostenible”
(pp. 95–106). AACS. Cap. IV parte 2.

Gargaglione, V., Peri, P. L., & Rubio, G. (2014). Tree–grass interactions for

N in Nothofagus antarctica silvopastoral systems: Evidence of facilita-

tion from trees to underneath grasses. Agroforestry Systems, 88, 779–
790. https://doi.org/10.1007/s10457-014-9724-3

Giorgetti, H., Montenegro, O. A., Rodríguez, G. D., Busso, C. A.,

Montani, T., Burgos, M. A., Flemmer, A. C., Toribio, M. B., &

Horvitz, S. S. (1997). The comparative influence of past management

and rainfall on range herbaceous standing crop in east-central

Argentina: 14 years of observations. Journal of Arid Environments, 36,

623–637. https://doi.org/10.1006/jare.1996.0220
Giorgetti, H. D., Busso, C. A., Montenegro, O. A., Rodríguez, G. D., &

Kugler, N. M. (2006). Cattle raising in central, semiarid rangelands of

Argentina. Rangelands, 28, 32–36. https://doi.org/10.2111/1551-

501X(2006)28.1[32:CRICSR]2.0.CO;2

Herman, R. P., Provencio, K. R., Herrera-Matos, J., & Torrez, R. J. (1995).

Resource islands predict the distribution of heterotrophic bacteria in

Chihuahuan Desert soils. Applied and Environmental Microbiology, 61,

1816–1821. https://doi.org/10.1128/aem.61.5.1816-1821.1995

Kröpfl, A. I., Deregibus, V. A., & Cecchi, G. A. (2007). Disturbios en una

estepa arbustiva del Monte: Cambios en la vegetaci�on. Ecología Aus-

tral, 17(2), 257–268. https://ojs.ecologiaaustral.com.ar/index.php/

Ecologia_Austral/article/view/1411

L�opez, N. I., Austin, A. T., Sala, O. E., & Méndez, B. (2003). Controls on

nitrification in a water-limited ecosystem: Experimental inhibition of

ammonia-oxidizing bacteria in the Patagonian steppe. Soil Biology and

Biochemistry, 35, 1609–1613. https://doi.org/10.1016/j.soilbio.2003.
08.005

Maestre, F., Eldridge, D., & Soliveres, S. (2016). A multifaceted view on the

impacts of shrub encroachment. Applied Vegetation Science, 19, 369–
370. https://doi.org/10.1111/avsc.12254

Maestre, F. T., Bowker, M. A., Puche, M. D., Hinojosa, M. B., Martínez, I.,

García-Palacios, P., Castillo, A. P., Soliveres, S., Luzuriaga, A. L.,

Sánchez, A. M., Carreira, J. A., Gallardo, A., & Escudero, A. (2009).

Shrub encroachment can reverse desertification in semi-arid Mediter-

ranean grasslands. Ecology Letters, 12, 930–941. https://doi.org/10.
1111/j.1461-0248.2009.01352.x

Maestre, F. T., Puche, M. D., Guerrero, C., & Escudero, A. (2011). Shrub

encroachment does not reduce the activity of some soil enzymes in

Mediterranean semiarid grasslands. Soil Biology and Biochemistry,

43(8), 1746–1749. https://doi.org/10.1016/j.soilbio.2011.04.023
Maestre, F. T., Quero, J. L., Gotelli, N. J., Escudero, A., Ochoa, V., Delgado-

Baquerizo, M., … Zaady, E. (2012). Plant species richness and

ecosystem multifunctionality in global drylands. Science, 335(6065),

214–218. https://doi.org/10.1126/science.1215442
Martínez, J. M., Galantini, J. A., Duval, M. E., Landriscini, M. R.,

García, R. J., & L�opez, F. (2018). Nitrogen mineralization indicators

under semi-arid and semi-humid conditions: Influence on wheat yield

and nitrogen uptake. Communications in Soil Science and Plant Analysis,

49(15), 1907–1921. https://doi.org/10.1080/00103624.2018.

1485931

Martínez, J. M., Galantini, J. A., Duval, M. E., & L�opez, F. M. (2017). Tillage

effects on labile pools of soil organic nitrogen in a semi-humid climate

of Argentina: A long-term field study. Soil and Tillage Research, 169,

71–80. https://doi.org/10.1016/j.still.2017.02.001
Mazzarino, M. J., Bertiller, M. B., Sain, C. L., Laos, F., & Coronato, F. R.

(1996). Spatial patterns of nitrogen availability, mineralization and

immobilization in Northern Patagonia, Argentina. Arid Soil Research

and Rehabilitation, 10, 295–309. https://doi.org/10.1080/

15324989609381445

Mulvaney, R. L. (1996). Nitrogen- inorganic forms. In D. L. Sparks, A. L.

Page, P. A. Helmke, & R. H. Loeppert (Eds.), Methods of soil analysis.

Chemical methods (pp. 1123–1184). Soil Science Society of America.

Peláez, D. V. (2011). Dinámica de la vegetaci�on en los pastizales del SO

Bonaerense: Interacci�on clima-fuego-pastoreo. In Jornada sobre

Evoluci�on y Futuro del Desarrollo de Producciones Agrícola-Ganaderas en

el S.O. Bonaerense (pp. 406–416). Academia Nacional de Agronomía y

Veterinaria.

Peláez, D. V., Giorgetti, H. D., Montenegro, O. A., Elía, O. R.,

Rodríguez, G. D., B�oo, R. M., Mayor, M. D., & Busso, C. A. (2010). Veg-

etation response to a controlled fire in the Phytogeographic Province

of the Monte, Argentina. Phyton-International Journal of Experimental

Botany, 79, 169–176. http://revistaphyton.fund-romuloraggio.org.ar/

vol79/Pelaez.pdf

Schinner, F., & Von Mersi, W. (1990). Xylanase, CM-cellulase and invertase

activity in soil: An improved method. Soil Biology and Biochemistry, 22,

511–515. https://doi.org/10.1016/0038-0717(90)90187-5
Schlesinger, W. H., Raikes, J. A., Hartley, A. E., & Cross, A. E. (1996). On

the spatial pattern of soil nutrients in desert ecosystems. Ecology, 77,

364–374. https://doi.org/10.2307/2265615
Sirotnak, J. M., & Huntly, N. J. (2000). Direct and indirect effects of herbi-

vores on nitrogen dynamics: Voles in riparian areas. Ecology, 81, 78–
87. https://doi.org/10.1890/0012-9658(2000)081[0078:DAIEOH]2.

0.CO;2

Soil Survey Staff. (2014). Keys to soil taxonomy (12th ed.). USDA, Natural

Resources Conservation Service.

Sokal, R. R., & Rohlf, F. J. (1984). Introducci�on a la Bioestadística. Reverté

S.A.

Soliveres, S., Maestre, F. T., Eldridge, D. J., Delgado-Baquerizo, M.,

Quero, J. L., Bowker, M. A., & Gallardo, A. (2014). Plant diversity and

ecosystem multifunctionality peak at intermediate levels of woody

cover in global drylands. Global Ecology and Biogeography, 23, 1408–
1416. https://doi.org/10.1111/geb.12215

Torres, Y. A., Busso, C. A., Ithurrart, L. S., & Ambrosino, M. L. (2018). Evalu-

ation of the conceptual model on shrubbyness-desertification on arid

rangelands. Annals of Arid Zone, 57, 65–73. https://epubs.icar.org.in/
index.php/AAZ/article/view/85757

Torres, Y. A., Ithurrart, L. S., Ambrosino, M. L., Iberlucea

Saglietto, A., & Armando, L. (2021). Rol de las leñosas en un pasti-

zal de Monte en el Sudoeste Bonaerense. III Jornadas Internacio-

nales y V Nacionales, Soberanía y Gesti�on de los bienes Naturales

Comunes.

van Auken, O. W. (2009). Causes and consequences of woody plant

encroachment into western North American grasslands. Journal of

Environmental Management, 90, 2931–2942. https://doi.org/10.1016/
j.jenvman.2009.04.023

Wallenstein, M. D., McMahon, S., & Schimel, J. (2007). Bacterial and fungal

community structure in Arctic tundra tussock and shrub soils. FEMS

3416 AMBROSINO ET AL.

https://doi.org/10.1071/BT14137
https://doi.org/10.2111/REM-D-11-00124.1
https://doi.org/10.2111/REM-D-11-00124.1
https://doi.org/10.1002/ldr.851
https://doi.org/10.1002/ldr.851
https://doi.org/10.1016/S0021-9258(18)84756-1
https://doi.org/10.1016/S0021-9258(18)84756-1
https://doi.org/10.1098/rsbl.2014.0673
https://doi.org/10.1098/rsbl.2014.0673
https://doi.org/10.1007/s10457-014-9724-3
https://doi.org/10.1006/jare.1996.0220
https://doi.org/10.2111/1551-501X(2006)28.1%5B32:CRICSR%5D2.0.CO;2
https://doi.org/10.2111/1551-501X(2006)28.1%5B32:CRICSR%5D2.0.CO;2
https://doi.org/10.1128/aem.61.5.1816-1821.1995
https://ojs.ecologiaaustral.com.ar/index.php/Ecologia_Austral/article/view/1411
https://ojs.ecologiaaustral.com.ar/index.php/Ecologia_Austral/article/view/1411
https://doi.org/10.1016/j.soilbio.2003.08.005
https://doi.org/10.1016/j.soilbio.2003.08.005
https://doi.org/10.1111/avsc.12254
https://doi.org/10.1111/j.1461-0248.2009.01352.x
https://doi.org/10.1111/j.1461-0248.2009.01352.x
https://doi.org/10.1016/j.soilbio.2011.04.023
https://doi.org/10.1126/science.1215442
https://doi.org/10.1080/00103624.2018.1485931
https://doi.org/10.1080/00103624.2018.1485931
https://doi.org/10.1016/j.still.2017.02.001
https://doi.org/10.1080/15324989609381445
https://doi.org/10.1080/15324989609381445
http://revistaphyton.fund-romuloraggio.org.ar/vol79/Pelaez.pdf
http://revistaphyton.fund-romuloraggio.org.ar/vol79/Pelaez.pdf
https://doi.org/10.1016/0038-0717(90)90187-5
https://doi.org/10.2307/2265615
https://doi.org/10.1890/0012-9658(2000)081%5B0078:DAIEOH%5D2.0.CO;2
https://doi.org/10.1890/0012-9658(2000)081%5B0078:DAIEOH%5D2.0.CO;2
https://doi.org/10.1111/geb.12215
https://epubs.icar.org.in/index.php/AAZ/article/view/85757
https://epubs.icar.org.in/index.php/AAZ/article/view/85757
https://doi.org/10.1016/j.jenvman.2009.04.023
https://doi.org/10.1016/j.jenvman.2009.04.023


Microbiology Ecology, 59, 428–435. https://doi.org/10.1111/j.1574-

6941.2006.00260.x

Yannarell, A. C., Menning, S. E., & Beck, A. M. (2014). Influence of shrub

encroachment on the soil microbial community composition of rem-

nant hill prairies. Microbial Ecology, 67, 897–906. https://doi.org/10.
1007/s00248-014-0369-6

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Ambrosino, M. L., Torres, Y. A.,

Lucero, C. T., Lorda, G. S., Ithurrart, L. S., Martínez, J. M.,

Armando, L. V., Garayalde, A., & Busso, C. A. (2023). Impacts

of shrubs on soil quality in the native Monte rangelands of

Southwestern Buenos Aires, Argentina. Land Degradation &

Development, 34(11), 3406–3417. https://doi.org/10.1002/

ldr.4692

AMBROSINO ET AL. 3417

https://doi.org/10.1111/j.1574-6941.2006.00260.x
https://doi.org/10.1111/j.1574-6941.2006.00260.x
https://doi.org/10.1007/s00248-014-0369-6
https://doi.org/10.1007/s00248-014-0369-6
https://doi.org/10.1002/ldr.4692
https://doi.org/10.1002/ldr.4692

	Impacts of shrubs on soil quality in the native Monte rangelands of Southwestern Buenos Aires, Argentina
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study site
	2.2  Experimental design and sampling
	2.3  Soil chemical analyses
	2.4  Soil biochemical analyses
	2.5  Statistical analysis

	3  RESULTS
	3.1  Chemical parameters of soil quality
	3.2  Biochemical parameters of soil quality
	3.3  Relationships among soil quality parameters

	4  DISCUSSION
	4.1  Shrub cover effect on chemical parameters of soil quality
	4.2  Shrub cover effect on biochemical parameters of soil quality
	4.3  Relationships among soil quality parameters across vegetation sites of different functional groups

	5  CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


