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Abstract
In maritime Antarctica soil enzymes have been little researched, mainly in the rhizosphere of the only two
vascular plants that grow there: Colobanthus quitensis and Deschampsia antarctica. This study evaluated the
activities of hydrolytic enzymes β-glucosidase, phosphatase and urease in the rhizospheric soils of C. quitensis
and D. antarctica from three different sites in the Polish Arctowski Station in Antarctica. The sensitivity to
temperature changes of the enzymes was also evaluated using two incubation temperatures (37 and 12 °C).
The highest activities related to the C and P cycles, β-glucosidase and acid phosphatase, respectively, were
detected in the rhizospheric soils at the site with the greatest variety of plant cover. Urease activity, related to
the N cycle, was high in two of the three sites, and the lowest activity was detected at the site where only D.
antarctica was found. The activity of the enzymes decreased when the temperature of incubation was reduced,
but the magnitude of the decrease depended on the enzyme. β-glucosidase was the most sensitive to temperature
change, whereas urease was least affected. Therefore, temperature changes in rhizospheric soils could lead
to changes in substrate degradation rates and consequently in the availability of nutrients (C, N and P) for C.
quitensis and D. antartica in maritime Antarctica.
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1. Introduction
Colobanthus quitensis (Kunth) Bartl. (Caryophyllaceae)

and thus the soil rhizosphere could be different. The

and Deschampsia antarctica Desv (Poaceae) are the only

associations with rhizospheric microorganisms (fungi

two vascular plants that have colonized the maritime

and bacteria) and the presence of several soil enzymes

Antarctic islands (Alberdi et al. 2002). These two species

can play an important role in the adaptation and

can live in association as a clump of grass with other

survival of these plant species in extreme environments

organisms such as mosses and lichens, or as individuals,

like Antarctica. For instance, some hydrolases in the
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soil like phosphatase, b-glucosidase and urease, are key

knowledge, this is the first report about enzymes in the

to the biogeochemical cycles of P, C and N, respectively,

rhizosphere of vascular plants in maritime Antarctica.

contributing to plant nutritional status (Nannipieri et al.
2002; Ali et al. 2015; Gianfreda 2015). Soil enzymes

2. Materials and Methods.

have been used as indicators of microbial activity
and the health and quality of soils, mainly in extreme

Soil samples were taken from the plant rhizosphere where

environments, where they show the relative availability

the root system of clumps is extended up to around 10 cm

or limitation of energy or nutrient sources (Hopkins et

depth. Three sites were sampled in the vicinity of the Polish

al. 2008; Cowan et al. 2014). Most of the extracellular

Arctowski Station in Antarctica and each soil sample

enzymes produced by Antarctic organisms are part of the

(AR1, AR2 and AR3) corresponded to a sample composed

pool of soil enzymes that efficiently catalyze multiple

of rhizospheric soils from four plant clumps (C. quitensis

reactions at low temperatures, and are therefore involved

plus D. antarctica or only D. antarctica, depending on the

in nutrient cycling. In recent years, the increase in global

site). The main characteristics of the sites where the soils

temperature has resulted in changes in the biological

were collected are shown in Table 1. The sampling was

activity of the soils (Steinweg et al. 2013; Burns et al.

done in the summer (January 2011) when the snow had

2013; Evans and Wallenstein 2014), and in the fragile

melted. After collection, the samples were transported at

ecosystems such as Antarctica, changes in temperature

low temperature (5 °C approx.) to the laboratory where

can produce changes in the enzymatic activities of soil,

they were stored at 4 oC for about two weeks until analysis

which in turn could affect the development of vascular

of enzyme activities. The soil samples were air-dried and

plants and other types of vegetation.

sieved through 2 mm mesh to determine potential activities

The aim of this work was to assess the acid phosphatase,

of β-glucosidase (Eivazi and Tabatabai 1988), acid

b-glucosidase and urease activities present in the

phosphatase (Tabatabai and Bremner 1969), and urease

rhizospheric soil of C. quitensis and D. antarctica

(Kandeler et al. 1999). The analytical determinations

growing at three different sites of maritime Antarctica.

were carried out in triplicate and enzyme activities were

The responses of enzymes at two different soil incubation

expressed as mmol g-1 dried soil h-1. Soil samples were

temperatures (37 and 12 °C) were also investigated to

incubated at 37 ºC a standard temperature for enzyme soil

assess the changes in the catalytic activity of each enzyme

assays, and at 12 oC, to explore the effect of temperature on

for the effect of the temperature change. To the best of our

the catalytic rate of the enzymes.

Table 1. Main characteristics of the Antarctic sites where the rhizospheric soils were collected
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3. Results and Discussion
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levels of human disturbance (Table 1). This could be the
reason for the low levels of b-glucosidase found at AR2

The three AR sites showed different characteristics in the

and AR3 and low level of urease at AR3 (Figure 1B and

type and abundance of vegetation, with AR1 and AR2

1C, respectively). Additionally, D. antarctica was found

being the most diverse in terms of species types, mainly

only in AR3 and this may also be related to the low levels

AR1 (Table 1). At different sites the plant cover might

of urease in this rhizospheric soil. On the other hand, the

be influencing the structure and size of the rhizospheric

presence of some penguin excrement would explain the

microbial communities, which in turn are responsible

level of urease at AR2 (Figure 1C). b-glucosidase belongs

for the different extracellular enzyme patterns present

to the enzyme complex produced mainly by fungi and

in soils (Yergeau and Kowalchuk, 2008; Zeglin et al.

bacteria, and it hydrolyses cellulose, contributing to the

2009; Gianfreda 2015). Since the sample size from the

input of organic C in soils; it is positively correlated

rhizosphere was very small, it was not possible to analyze

with high contents of O.M., low pH and the presence of

the chemical composition of the soil; however, previous

vascular plants (Hopkins et al. 2008; Zeglin et al. 2009).

bulk samples taken from AR1 showed high organic

Apparently the levels of acid phosphatase and urease in

matter content (O.M. 9.67%), P-Olsen (53.1 mg. Kg-1),

the rhizospheric soils were not as affected by the different

and low pH (5.1) (Cuba et al., 2010).

characteristics of the AR sites than b-glucosidase. On the

In terms of enzymatic activities in the rhizosphere soils

other hand, the values of acid phosphatase, b-glucosidase

of the AR sites, the highest activities of acid phosphatase

and urease activity determined under standard conditions

and b-glucosidase were detected in soils from AR1

(37°C) are within the ranges reported by Trasar-Cepeda

(Figure 1A and B), the site with the greatest variety in

et al. (2008a,b) for a series of temperate climate soils

the vegetation cover and the farthest from the Arctowski

under agricultural or forest management.

Station and therefore no human traffic. By contrast, the

The influence of temperature on enzyme activity

urease activity was high in AR1 and AR2, and very low

revealed that the decrease in incubation temperature

at the site where only D. antarctica was found (Figure

from 37º to 12 ºC reduced the enzyme reaction rate

1C). The β-glucosidase showed the greatest variability

as expected. However, the magnitude of this effect

between sites and the lowest activity values were detected

depended on the type of enzyme. The enzyme most

at AR2 (Figure 1B).

sensitive to the temperature change was b-glucosidase

The abundant plant cover and high activity of seabirds

(68-78% reduction with temperature decrease) and the

at AR1 may be the reason for the high contents of O.M.,

least sensitive was urease (55-56% reduction). It has

P and N detected in previous studies (Cuba et al., 2010),

been observed in Alpine and Arctic tundra soils that C

which stimulates some enzymes such as urease, xylanase

mineralization is more sensitive to low temperatures

and phosphatases (Beyer et al. 2000; Tscherko et al. 2003).

than N mineralization, which is a result of different

The urease in the soil is of microbial and plant origin, but

sensitivities of the enzymes participating in the cycles

it can also come from seabird and penguin excrement

of these elements (Koch et al. 2007; Wallenstein et al.

(Tscherko et al. 2003). Although the rhizospheric soils at

2009; 2011; Jing et al. 2014). Our results suggest that at

AR2 and AR3 were not chemically analyzed, they would

low temperatures (12 °C) or even lower (like those

probably have lower nutrient and O.M. contents than

found in Antarctica), the enzymes must be acting

AR1 due to the patchy colonization of plant growth and

at very low rates, resulting in a slow hydrolysis of

the absence of seabird activity contrasting with intense

the components of the O.M. in rhizospheric soils.
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Therefore, in a global warming scenario an increase in

This is a first approach to explore the sensitivity to

enzyme activities related to the cycles of N, P and C is

temperature changes in the reactions catalyzed by

to be expected in maritime Antarctic soils, which may

acid phosphatase, β-glucosidase and urease from

lead to changes in the availability of nutrients in the

rhizospheric maritime Antarctic soils.

rhizospheric soils of C. quitensis and D. antarctica.

Figure 1. Potential acid phosphatase (A), b-glucosidase (B) and urease (C) activities (mmol g-1soil.h-1) in rhizospheric soils
from different Antarctic (AR) sites containing vascular plants, assayed at 12°C () and 37°C (n). The means (±SE) of enzyme
activities are shown.
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4. Conclusions
The highest activities of β-glucosidase and acid
phosphatase were detected in the rhizospheric soils at
the site with the greatest variety of plant cover (AR1).
Urease activity was high in two of the three sites,
and the lowest activity was detected at the site where
only D. antarctica was found (AR3). The activity
of the enzymes decreased when the temperature of
incubation was reduced, but the magnitude of the
decrease depended on the enzyme. β-glucosidase
related to C cycle, was the most sensitive to
temperature change, whereas urease related to N
cycle, was least affected.
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