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Species identity, richness and developmental stage
of morphology affect enzymatic activity of the soil
microorganisms in arid Patagonia, Argentina

Abstract

Microbial communities are a key for terrestrial ecosystem functioning. However,
their responses to changes in plant species identity and richness, and stages of
developmental morphology have been rarely investigated. The objective of this
study was to evaluate the impact of the identity, richness and stage of developmental
morphology of plant species on soil microbial communities throughout the enzymatic
activity of the dehydrogenase. Studies were conducted under wild, field conditions,
and on field experimental plots having different species richness. Treatments included
a control (intraspecific monocultures) or combinations of 2, 4, or 6 species pertaining
to different functional groups (i.e., perennial either grasses or herbaceous dicots or
shrubs). The grass Nassella tenuis and the shrub Larrea divaricata showed a lower
(p<0.05) activity of the dehydrogenase than most of the other studied species under
wild, field conditions. The enzymatic activity of the dehydrogenase was either similar
or greater (p<0.05; e.g., Amelichloa ambigua, L. divaricata), but not lower, as species
richness increased in the reproductive stage of developmental morphology. Finally,
the dehydrogenase activity was in general greater (p<0.05) at the reproductive (late
spring) than vegetative (late fall) stage of developmental morphology in all studied
species. These results indicate that species identity, richness and stage of developmental
morphology might be important determinants of the degree of microbial activity in the
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Introduction

The residues of plants in the soil are transformed to CO,, microbial
material and relatively stable humus compounds.! Decomposition of
these plant residues is accompanied by alterations of the responsible
enzymes of these transformations, because this is a microorganism-
mediated process.! Richness, population size of soil microorganisms,
and the subsequent enzyme production will depend mostly upon the
chemical composition of plant residues.! As a result, chemistry of
plant residues not only determines its own destiny but also regulates
microbial activity. Such activity is responsible for the release
and availability of plant essential nutrients, such as carbon and
phosphorous.?

Enzymatic activities can give quantitative indications of the
changes in the quantity and quality of the organic matter.® For
example, the dehydrogenase is present in all undamaged and viable
microbial cells.* This enzyme can be a sensible indicator of the effects
of soil degradation on the size of soil microbial communities. This is
because of this enzyme might be related with the presence of viable
microorganisms and their oxidative activities.® The dehydrogenase
enzyme appears to be associated with the microbial activity related
to the initial break-up of the organic matter.® This enzyme appears to
depend more than any other present enzyme from the soil metabolic
state or the biological activity of the microbial community.” The
dehydrogenases are involved in the transfer of oxidative energy
among the microbial cells.® The activity of this enzyme is a measure
of the microbial metabolism, and therefore of the soil oxidative

microbial activity.” Even more, it indicates the mean activity of the
soil organism populations.’” Indirectly, this can also indicates the
carbon availability and energy source for the soil microorganisms.
The dehydrogenase activity has a high correlation with respiration in
most studies. This suggests that these activities could be taken as an
indicator of the microbial activity * or be used as a whole to establish
an activity index."!

Hill et al.,"” reported that soil enzymatic activities could vary
seasonally in temperate grasslands. The seasonal variations in
microbial biomass and enzymatic activities in the soil are due to the
combined effects of temperature, humidity, substrate availability
and other factors.”® Dehydrogenases pertain to the enzymes that
have strong fluctuations on their activity caused by the season of
the year, since they are strongly associated with the dynamics of the
microbial activity.”> Much research has been done on the effects of
temperature on the dehydrogenase activity in the soil and/or on the
soil microorganisms abundance.'*'> The dehydrogenase is found
only in viable cells of soil microorganisms. Therefore, its activity
must be high at an optimal temperature that allows their growth
and development.”® The speed of enzymatic catalysis increases as
temperature increases until a temperature is reached where the enzyme
is denaturalized and its activity is reduced. However, the seasonal
changes during a year, and those related with the plant developmental
morphology stages have rarely been related to the enzymatic activity
of the dehydrogenase in the soil.

Some studies have measured various biological processes in the
soil in response to plant species richness (e.g., physico-chemical
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properties, soil enzyme activities, functional diversity, etc).'*! The
evidence suggests that plant species richness has significant impacts
not only in the soil physico-chemical properties but also more directly
on the composition and activity of the soil microbial communities.?
Plants can influence the enzymatic activity in the soil throughout the
excretion of enzymes, and affect the composition and diversity of the
soil microbial species throughout the release of exudates and oxygen
in the rhizosphere. Thus, the species of soil microbes can indirectly
affect the enzymatic activity.?! We expect that plant species richness
can influence the activity of the dehydrogenase because the quality
and quantity of the root exudates can vary among the different plant
species.?? Identity and richness of plant species are the major factors
that affect the abundance and diversity of soil organisms.?>**

Above and belowground ecosystem components depend implicitly
one from each other." The loss of plant species in some ecosystems
can produce changes in the community of soil decomposers that in
turn can affect the soil organic matter mineralization.”® Despite the
recognition that microbial communities are the key for terrestrial
ecosystem functioning, their response to changes in plant species
richness have been rarely investigated.?**’

Our objective was to evaluate the impact of the identity and
richness, and of the stage of developmental morphology, of plant
species on soil microbial communities throughout the enzymatic
activity of the dehydrogenase. Studies were conducted under wild,
field conditions, and on field experimental plots having different
species richness. Working hypotheses were (1) plant species differ in
the activity of the study enzyme, (2) the enzymatic activity of the
dehydrogenase increases as plant species richness also increases, and
(3) the activity of the dehydrogenase differs between the vegetative
and reproductive stages of developmental morphology of the study
plant species.

Materials and methods
Study site

This study was conducted at two different sites in the Chacra
Experimental Patagones, southwest of the Province of Buenos
Aires (40° 39* 49.7” S, 62° 53’ 6.4” W; 40 m a.s.l), within the
Phytogeographical Province of the Monte during 2013 and 2014.%
One site (i.e., the “’Monte” from here on; 240 ha) had been overgrazed
until 1980. Thereafter, it was fenced and vegetation recuperation was
allowed on it until 1996,” when a rotational grazing system was
initiated with an annual mean stocking rate of 7.8 ha per cow.*® The
other, nearby site (1km apart one from each other), was a 7-year-
exclosure to domestic livestock of 0.025 ha (i.e., experimental plots).

Climate

It is temperate semi-arid, with precipitations concentrated in
summer and autumn. Annual mean precipitation was 421mm during
1981-2012, with minimum and maximum values of 196mm (2009)
and 877mm (1984), respectively.’! Precipitation, evapotranspiration,
air and soil temperatures, and relative humidity (Figure 1) were
determined by an automatic meteorological station located a few
meters away from the experimental plots (Figure 2). Total annual
precipitation was 513mm during 2012, 422mm during 2013, and
597mm during 2014.
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Figure | (a and b) Mean air and soil (0-20cm depth) temperatures (°C),
(c) mean relative humidity (%), (d) mean evapotranspiration and monthly
precipitation during 2012 to 2015.

Soil

Landscape on the region is mostly a plain, although there are
waves and isolated micro-depressions. The original materials of
the predominant soils are fine sands, which are transported by wind
and deposited on “’tosca”, and older, weakly consolidated silty-
sandy materials (INTA-CIRN, 1989). Soil was classified as a typical
Haplocalcid (Nilda Mabel Amiotti, Dpto. de Agronomia UNSur,
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Bahia Blanca, Argentina, personal communication). Mean pH is 7 and
there are no limitations of depth in the soil profile.*

Vegetation

The plant community is an open shrubby stratum that includes
herbaceous species of different quality for livestock production.®
Nassella longiglumis (Phil.) Barkworth,*® Nassella tenuis (Phil.)
Barkworth (an intermediate-seral species,** and Pappostipa speciosa
and Amelichloa ambigua (Speg.) Arriaga & Barkworth (earlier seral
species) are C, native perennial grasses in the Phytogeographical
Province of the Monte, Argentina. This Province includes
approximately 554,138 ha in the Partido de Patagones, Province of
Buenos Aires. Dominance of these species in the community depends,
at least in part, of the grazing history, and frequency and intensity of
fires.* Characteristic rangeland management at the south of this region
is continuous grazing with excessive stocking rate.*® Pappostipa
speciosa and Amelichloa ambigua have a low preference by grazing
animals,* while N. longiglumis and N. tenuis are highly preferred.
As a result, N. longiglumis and N. tenuis might be highly selected
by domestic herbivory at different times during their developmental
morphology stages. The either low frequency or lack of fires combined
with severe livestock overgrazing, diseminule availability of shrub
species, and conditions which foster their seedling establishment
have contributed to the (1) replacement of preferred by unpreferred
perennial grasses, (2) establishment of annual species in the open,
unvegetated areas during wet years, and (3) establishment of shrubby
vegetation such as Condalia microphylla, Larrea divaricata Cav., and
Schinus fasciculatus (Griseb.) .M. Johnst., and the perennial forb
Atriplex semibaccata R. Br.”’

Transplanting of plants to the experimental plots

The method to obtain plants of N. longiglumis, N. tenuis and A.
ambigua was by cloning these tussock, perennial grasses. Transplanting
of small individuals from the field to plastic pots was the method used
to obtain plants of the shrubs L. divaricata and S. fasciculatus, and
the forb A. semibaccata. Various studies were successful in obtaining
plants of 4. semibaccata via transplanting.®® Individuals of these
species obtained via either cloning or transplanting were placed in 1.5
liter pots. These pots contained soil coming from the study field site,
which was previously cleaned from residues using a 35-mesh screen.
These pots were placed in a greenhouse and watered periodically.
They were cleaned manually from emerging weeds. After a period
of 6 months in the greenhouse, plants were allowed to acclimate
to environmental conditions outside of it during 3 months before
transplanting.

At the beginning of October 2012 the soil in the 0.025 ha exclosure
was prepared before transplanting. This was because it was compacted
as a result of previous studies.*** With the purpose of having a loose
soil, weed control and soil aeration, tillage was conducted twice. In
addition, the soil was further cleaned twice with a rake, and also twice
using a cultivator. Plant cover was controlled to a depth of 20 cm
approximately. Afterwards, experimental plots (1.25x1.25m each)
were established in the exclosure (Figure 2). During a month, 1944
plants were transplanted in that exclosure.

Experimental design
Experimental plots

Fifty four experimental plots were used in this study [4 treatments
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(monocultures of each of the 6 species, and combinations of 2, 4
and 6 plant species: Figure 2) x 6 replicates/treatment (i.e., 6 blocks,
Figure 2)]. Each block contained monocultures of each of the study
species (i.e., N. tenuis, N. longiglumis, A. ambigua, A. semibaccata,
S. fasciculatus and L. divaricata), and a plot with mixtures of 2 (N.
tenuis and A. semibaccata; Figure 3), 4 (N. tenuis, A. semibaccata,
N. longiglumis and S. fasciculatus; Figure 3) or 6 species (N. tenuis,
N. longiglumis, A. ambigua, A. semibaccata, S. fasciculatus and L.
divaricata; Figure 3) following a substitute design (i.e., plant density
was equal in all study plots). The combination of species on each row
of the 2, 4 or 6 species combination was at random (Figure 3). Six
hundred and twenty nine plants were reserved to replace dead plants
in the plots [629 + 1944 plants from the plots (54 plots x 36 plants per
plot: Figure 2 & Figure 3) = 2573 plants in total].

Each experimental plot (1.25x1.25m) contained 36 plants, and each of
the 6 blocks contained the 1 (i.e., monocultures), 2, 4, or 6 plant species
combinations (Figure 3). Vertical and horizontal distances among
plants within each plot was 0.25m in all plant species combinations.

Block number
1 2 3 4 5 6

IO

'S

A. ambigua A. semibaccata . L. divaricata
DN. longiglumis N. tenuis

Figure 2 Diagram showing the distribution of the monocultures of each
of the 6 species and the combination of 2, 4 and 6 species within each of
the six experimental blocks. Distance among individual species was 0.25m in

% S. fasciculatus

horizontal and vertical lines.
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Figure 3 Experimental plots showing the combination of the 2, 4 or 6
plant species. Individual plants were separated 0.25 m one from another in
horizontal and vertical rows.The drawing is not made to scale.A = Amelichloa
ambigua; A = A. semibaccata; N= Nassella longiglumis; N = N. tenuis; L = Larrea
divaricata; S= Schinus fasciculatus.
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Measurements
Wild, field conditions

Soil samples under wild, natural field conditions were obtained
in a 22 ha paddock exposed to a rotational grazing system. Plants
used as controls were those located at least 2 m apart one from each
other in open spaces (i.e., control plants). Seven perennial species,
predominant in the region, of two different functional groups,
were selected for this study. They included three shrub (Condalia
microphylla, Larrea divaricata, Schinus fasciculatus) and four grass
species (Nassella longiglumis, Nasella tenuis, Pappostipa speciosa
and Amelichloa ambigua). Species of shrubs were young and no
greater than 50 cm-height. Four patches were selected where most
species of the two functional groups were present. Species distribution
was similar in all patches.

The deshydrogenase activity in the soil was determined following
Cassida*' and Sajjad et al.> This method is based on the use of a
soluble salt such as the 2, 3, 5-triphenil tetrazolium chloride (TTC) as
a final electron acceptor. After incubating the soil samples during 24 h
to 37°C, the study salt was reduced to tryphenil-tetrazolium-formazan
(TTF), of red color. Once the TTF was extracted with a disolvent such
as acetone, its concentration was quantified by colorimetry.*?

Calibration curve preparation (following Cassida,
1977)

Ten ml of a TTF solution at 0.1% (v/v) were diluted with acetone
to a final volume of 100ml (100pg TTF ml!). Aliquots of 0.5; 2.5; 5;
7.5, and 10 ml were obtained from that solution, which were placed in
50 ml flasks. Finally, all of them were brought to a 50ml volume with
acetone. These aliquots gave TTF concentrations between 1 and 20ug
ml'. Absorbance was read at 485nm. Acetone was used as a control.
Absorbance values were graphed versus the TTF concentration in the
standard solution.

Procedures

Three grams of fresh soil were weighed in a Falcon flask. One ml of
TTC at 3% and 4ml buffer (buffer Tris-HC1 0.1 M pH = 7.6-7.8) were
added into the flask. Thereafter, a control without TTC was prepared,
adding only 0.5 ml of distilled water, and the flask was shaken. Flasks
were incubated to 37°C during 24 h. After this time, 10 ml of acetone
were taken with a pipette, and added to the soil to stop the reaction.
It was manually agitated, and then using an orbital agitator during
30 minutes at 300rpm. It was then centrifuged during 10 minutes at
4000 rpm, and finally the supernatant was filtered using filter paper in
wide test tubes. Absorbance was measured at 485nm (Spectronic-20,
Bousch abd Lomb), and the concentration was calculated using the
calibration curve.

The dehydrogenase activity in soils was expressed as pg TTF/g
soil'!. d!'. Absorbance values obtained in the analyzed samples were
interpolated in the calibration curve to obtain the TTF concentrations.
Soil controls were used as blanks. The following formula was used to
obtain the activity on each study sample:

A=V [(TTF)  —(TTF) J/S,

where A =activity of the dehydrogenase, in pTTF/g dry soil* d!
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(TTF) = concentration of TTF in the soil sample, in ug/mL
(TTF) , = concentration of TTF in the control, in pg/mL
S, = soil dry weight from 3 g of wet soil, in g

V = volume of acetone added to the suspension, in ml. It was
considered that the final volume were 15ml (5ml buffer +10ml
acetone) for each of 3g soil.

Statistical analysis

A three-way ANOVA was first conducted to study the effects of the
species identity (N. longiglumis, N. tenuis, P. speciosa, A. ambigua,
S. fasciculatus, L. divaricata, C. microphylla), location (patches or
open spaces) and developmental stages of morphology (i.e., dates:
May, November) on the enzymatic activity of the soil microorganisms
under wild, field conditions in 2013. However, differences between
dates were so great (p<0.001) that a two-way ANOVA was conducted
later with species and species location as factors. In the experimental
plots, initially, a three-way-ANOVA was made on the plots, where
factors were years, and species identity and richness. We compared
first the plots with monocultures versus those where the 6 species
were combined (i.e., 1 vs. 6). Because this comparison was significant,
apriori contrasts were conducted among the factors. Whenever it was
a two-way interaction between any of the study factors, a two-way-
ANOVA was conducted to study the interaction. To study the effects
of species richness for each of the study species separately, a block
design with 2 factors [the treatments (fixed) and the developmental
morphology stages (considered as random)]| was utilized. The
evaluated variable was the enzymatic activity. Treatments consisted of
the number of species present on the experimental unit combinations
of 2 (N. tenuis, A. semibaccata), 4 (Schinus fasciculatus, Atriplex
semibaccata, Nassella longiglumis, N. tenuis), or 6 species (Nassella
longiglumis, Schinus fasciculatus, Nassella tenuis, Atriplex
semibaccata, Amelichloa ambigua and Larrea divaricata) versus their
respective monocultures. Each of the 54 plots (Figure 2) contained 36
plants (Figure 3). The number of blocks was 6 (Figure 2).

Since it was amixed two-way-ANOVA (treatments x developmental
morphology stages), the interaction was first tested. When it was
significant (p < 0.05), the mean square (MS) of the interaction was
utilized as the MS of the error for treatment comparisons. If it was not
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significant (p > 0.05), the residual MS was used as error. In all cases,
the comparison among means was conducted by averaging the four
sampling dates (2 in 2013 and 2 in 2014). Mean comparisons were
made using the Dunnett’s test.*

Results

Effects of theidentity and richness of plant speciesunder
wild, field conditions on the soil enzymatic activity at
different stages of developmental morphology

The difference between the reproductive (November 2013) and the
vegetative (May 2013) stages of developmental morphology was so
great (p <0.001) (data not shown) that dates were analyzed separately.

Enzymatic activity in the rizhosphere of N. longiglumis, P.
speciosa, and S. fasciculatus was greater (p<0.05) than that in N.
tenuis and A. ambigua within the vegetation patches exposed to
wild, field conditions at the vegetative stage of developmental
morphology (Figure 4A). At this stage of developmental morphology
and in the open spaces, enzymatic activity was greater (p<0.05) on N.
longiglumis and S. fasciculatus than in the remaining plant species
(Figure 4A). The enzymatic activity in the rhizospheres of P. speciosa,
L. divaricata and C. microphylla was greater (p<0.05) when these
species were in the vegetation patches than in the open spaces in May
2013.

Schinus fasciculatus showed a greater (p<0.05) enzymatic activity
than the remaining species, except N. longiglumis and P. speciosa,
in the vegetation patches at the reproductive stage of developmental
morphology (Figure 4B). In November 2013, all species showed a
similar (p>0.05) enzymatic activity at the vegetation patches than in
the open spaces (Figure 4B). At this time, within each species there
was not significant differences (p>0.05) in enzymatic activity weather
species grew up in patches or open spaces (Figure 4B).

Species identity and richness effects on the activity of
the dehydrogenase in the soil on experimental plots

Even though the difference was only significant (p<0.05) on
A. ambigua and L. divaricata, there was a general tendency for an
increased enzymatic activity as species richness increased in the
experimental plots (Figure 5).
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Figure 4 Enzymatic activity of the dehydrogenase (ug TTFE. g'. d"') in the soil underneath seven plant species present in vegetation patches or open spaces (any
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Discussion

Results found for basal soil respiration in soils under wild, field
conditions*™ did not agree with those found in this study for the activity
of the dehydrogenase at the same location, where the greater activity
of that enzyme was shown in November, during the reproductive
developmental morphology stage, and the lower one in May, at the
vegetative stage of developmental morphology. Hill et al.,'? reported
that the soil enzymatic activities could vary seasonally in rangelands
of temperate climates. Bastida et al.,* also indicated that seasonality
affects soil enzymatic and microbial biomass. Field measurements
have the problem of the potential masking effect of the climatic
conditions, which change from one to the following soil sample.*t
A greater soil moisture percentage and a higher soil temperature
have favored the activity (both soil respiration and the activity of
the dehydrogenase) of soil microorganisms in various studies.*’*
Precipitation and air temperature were greater in November (spring)
than May (fall) in our study (Figure 1). This must have contributed
to obtain a greater microbial activity by both methods in spring in
our research: CO, production from the soil, and the activity of the
dehydrogenase enzyme in the soil.

Our dehydrogenase values agree with those reported by Gili
et al.,’”* in soils of the Provinces of Rio Negro and Neuquén (in
Argentina). In this study, the dehydrogenase activity responded
differently than the basal soil respiration* despite of such enzyme is
in the microorganisms. Similar results were found by Skujins®' and
Frankerberger et al.,’?after making soil microbiological measurements.
The lack of a similar response between the enzymatic activity and the
microbial respiration might be due to that the enzymatic activity (1) is
mostly extracellular under wild conditions, and is not associated with
the microbial population, and/or (2) is originated from a source that
is not microbial such as the plant roots and the soil organic residues.*
The physicochemical soil properties are also important in affecting
microbial growth and activity.>

Studies on soil biological processes have been based in measuring
various variables: microbial biomass,” respiration,* ATP and
enzymatic activities’>® However, Nannipieri et al., *7 suggested that

there are problems if variables like carbon biomass, the release of CO,
or the enzymatic activity of the dehydrogenase are only considered as
indexes of microbiological activity. These problems are even greater
when complex systems as those of arid zones are considered, since
these are exposed to great environmental imbalances.*® Dehydrogenase
values found by various authors®*® in different soil types have been
generally greater than those found in this study, where we worked
with arid soils. This is similar to that reported by Gili et al.,” with
regard to the complexity of the systems in soils of arid zones.

Under wild, field conditions, the greater dehydrogenase activity
found in the reproductive than in the vegetative developmental
morphology stage in 2013 could be due to the fast microclimate
changes and the exhaustion of carbon compounds. These lead to a
turnover of the microbial community, with the subsequent release
of N to the plants.®® Spring is strongly related with increases in the
microbial activity, oxide-reduction reactions and temperature changes.
All this indirectly affects the dehydrogenase activity, and could be
the reason for the dehydrogenase increase during that season." In
addition, and taking into account that dehydrogenase is present within
the viable microbial cells, its activity must be greater at temperaturas
of 20-30°C. This temperature range is characteristic for summer and
early-fall times, and it is close to the optimum for microbial growth,
activity and microorganism development.'?

When species were at the reproductive stage in the wild, field
vegetation patches, the rhizosfere of L. divaricata showed the lower
enzymatic activity. At the same time N. longiglumis, P. speciosa and
S. fasciculatus, showed a very high enzymatic activity. The same
pattern was demonstrated in the open spaces. Working with three
halophyte species of different functional groups, Cao et al.,* found
that community composition influenced the enzymatic activity. The
dehydrogenase activity was significantly greater on soil of the grass
than on that of the shrub community. This might be due because of
the herbaceous plants most likely had their root systems within the
soil volume sampled in this study (0-15cm soil depth from the soil
surface). Soil physicochemical and biological properties change with
increasing depth of the soil surface.®'Also, the soil organic matter
(OM) in the rhizosphere of L. divaricata might have also influenced
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the lower enzymatic activity. The OM has important effects not only
on the soil enzymatic activities but also on the microbial activities.'
Not only the amount but also the quality of OM is important in the
soil, since the OM affects the energy supply for microbial growth
and enzyme production.®> The chemical composition of L. divaricata
leaves might have affected the dehydrogenase activity in the soil.
Studies have been conducted in other species of the Larrea genus
which indicate the presence of phenols and compounds against fungi
in their resin.®® If nitrification is inhibited by tannines and other plant
aromatic compounds,* these might also have consequences on the
activity of the general microbial community.

Pappostipa speciosa, L. divaricata and C. microphylla showed a
greater enzymatic activity in their rhizospheres when these species
grew within vegetation patches than when they did in the open spaces
in May 2013. The lack of differences between functional groups
might be due to the specific richness within the vegetation patches.
Nassella tenuis was the species that showed the lower enzymatic
activity in the open spaces in November 2013. Studies conducted by
Quilchano et al.,* suggested that cleaning of Mediterranean forests
from shrubs could negatively affect the soil dehydrogenase, and the
impact is greater during the dry season. Soils with low soil moisture
percentages have a lower microbial activity.* Soil temperature
also plays an important role. Brzezinska et al., ¥’ reported that the
dehydrogenase activity specially increased in water-saturated soils,
and this increase was more noticeable at higher temperatures. The
dehydrogenase activity increases considerably when temperatures
reach 37°C.* Under wild environmental conditions, where changes
in temperature and moisture are sometimes extremes, there will be
corresponding changes in the microbial populations and communities,
and in the processes that they cause. As a result, it is believed that
the studies to an ecosystem scale offer the best possibility for a rapid
evaluation of the changes in soil quality.*

However, Miras Avalos et al.,” demonstrated that there exists
a marked paralelism between the soil dehydrogenase activity and
the soil moisture content, while this paralelism is not so clear for
the basal soil respiration. These results appear to indicate that the
dehydrogenase activity, basal soil respiration and soil moisture content
are related among themselves, but there might exist some other
factor/s which might be involved in their seasonal behavior. Garcia
et al.,’® hyphothesized that the major cause of the low microbiological
activity in soil of arid zones is the low capacity of the organic matter
for being mineralized rather than its total quantity. In addition, the
high salt content of arid soils can be cause of stress and conduce
to a low microbiological activity.®® Acknowledge of the spectrum
of enzymatic activities of a soil is important since it will indicate
the potential of that soil to allow the basic biochemical processes
necessary for maintenance of its fertility. In general, soil studied in
this research showed a low microbiological activity, with might be
even lower in more degraded soils.

In general, the soil enzymatic activity underneath soils of M.
longiglumis, P. speciosa and S. fasciculatus was greater than that
in N. tenuis and A. ambigua, within the vegetation patches. In the
experimental plots there was also a general tendency for an increased
soil enzymatic activity as species richness increased in those
experimental plots. It is common than in patches where there are
shrubs can occur positive effects in the herbaceous plant community,
which is underneath the shrubs in arid ecosystems.®® The enzymatic
activity and the microbial biomass increase under the xerophytic
shrubs and under more mesic conditions.” Plant patches mitigate
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the effects of the extreme conditions in the associations between the
plant communities and the plants, and the soil microbial communities.
They also promote soil biodiversity and ecosystem functioning
in arid environments, with shrubs that actively select the specific
microbial groups in the herbaceous stratum.® Shrubs promote the
activity, biomass, diversity and changes in the microbial communities
in soils where the abiotic conditions are more severe (e.g., poorer
soils and warm and dry conditions).®® For example, shrub roots can
release water obtained from deep zones in the soil profile into more
superficial soil layers of dry soils.” The presence of shrubs stimulates
also the microbial activity most likely throughout root exudates ! and
their litter.”

The positive correlation between the specific richness and the soil
microbial functional diversity might likely be due to differences in
the rhizosfere composition among the plant species and/or to different
developmental morphology stages within the same species.” Zhang
et al.,” concluded that plant species richness influenced positively the
nutrient retention and enzymatic activities on the substrate. However,
in studies conducted by Zhang et al.,”* in wet ecosystems, species
richness did not change significantly the activity of the dehydrogenase
enzyme. However, studies conducted on a fern community,
demonstrated that the dehydrogenase positively correlated with
species richness. Herbaceous plants also showed a strong positive
correlation between the species richness and functional diversity of
the soil. Human activities have modified not only the composition but
also the species richness of the ecosystems, given place to the concern
that ecosystem functioning can be negatively affected by this loss of
biodiversity.”

Experimental studies have demonstrated that the loss of plant
biodiversity might negatively affect ecosystem functioning,
particularly by influencing plant productivity.”’¢” The loss of
species composition and richness can also alter nutrients, and their
rates of recycling and decomposition.” However, a few studies have
examined the impact of the decrease of the species composition
and richness in the belowground biota.*” Soil microorganisms are
mostly heterotrophs. As a result, they utilize plant exudates or the
plant material in the decomposition of foods. A reduction in the
quantity and quality of the foods caused because of a reduction in the
composition and species richness must modify the abundance, activity
and the diversity of the soil microbial communities.®’ The loss of a
particular species or functional group can a have a greater impact in
ecosystem functioning than the changes in biodiversity per se. This
is important because of the loss of a species is more likely to occur
in a predictable way than at random.*? In addition, identification of
the plant species populations that have the greatest influence on the
enzymatic activity of the soil might improve our understanding of the
functional consequences of such changes.®*’

Conclusions

Our findings showed that the soil dehydrogenase activity (1)
differed between different plant functional groups, (2) increased as
species richness also increased, and (3) was greater at later than earlier
stages of plant developmental morphology stages.
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