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Abstract: Problem statement: Mining activities involve the removal of the vegktover and the soil
organic layer, causing a severe environmental immpadNortheast Brazil, 40%f the world’s crude
gypsum is found in a semiarid area, making thisoregesponsible for 95% of the gypsum demand in
the national market. Although economically impottathis activity is harmful to the environment.
Studies of soil microbiological and biochemicalriatites can help in the identification of the
limitations of impacted ecosystems, providing dtdadefine strategies for sustainability of such
environments. Approach: To evaluate and compare the biological state ekgmved and mining
degraded semiarid soils, a native preserved arda@@as impacted by gypsum mining were selected
at the Araripina Experimental Station, locatedhie semiarid region of Pernambuco State, Northeast
Brazil. The four sampling areas included: (1) Aivigtpreserved “caatinga” area with spine bearing
trees and shrubs and some characteristic xeroppigits (AN); (2) An area surrounding the mine,
presenting the same type of vegetation althougbadir degraded (AM); (3) A waste deposit area
(AR); (4) Interface area between the waste depowit a mining degraded area (Al). Samples were
taken in each area (1000°)miuring two periods: wet (December/2003, Rainfa8.7 mm) and dry
(September/2004, Rainfall = 1.3 mniResults: Fluorescein diacetate hydrolysis values, microbial
biomass C and basal respiration were higher inpteserved “caatinga” than in the impacted areas.
The gypsum mining activity reduced the concentratibeasily extractable glomalin in relation to the
native “caatinga” area in both sampling periodghdr deposits of total glomalin also occurred ia th
native area, however, mainly during the wet peri@dnclusion: The mining activity produced a
negative impact on the soil microbiota, reducing tbtal enzymatic activity. The microbial biomass
was significantly lower in the waste deposit areantin the native and interface areas. The results
indicated that the mining activity is harmful teethoil microbiota in this area and that glomalin ba

a useful indicator of soil disturbance.
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INTRODUCTION 95% of the gypsum demand in the national market.
Activities related to the extraction of gypsum have
The municipality of Araripina is located in the social and economical importance in this region,
State of Pernambuco, Northeast Brazil and occupies employing a large number of people. However, mining
total area of 1.914,4 Kncharacterized by a semiarid involves the removal of the vegetal cover and wié s
climate and “caatinga” vegetation, with a number oforganic layer, causing a severe environmental impac
trees and shrubs presenting many xerophytiSoil microbial activity is one of the key factora i
characteristics. Araripina’s main commodity is theecosystem functioning (Ardakamet al., 2009). Thus,
gypsum industry; 40%f the world’s crude gypsum is the evaluation of soil microbiological and biocheadi
found in this area, making this region responsiole  attributes can be helpful in the identification thie
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main limitations to impacted ecosystems and tosoil studies: the Easily Extractable (EEG) andttital
suggest strategies aiming to maintain sustaingbilit (TG). The first includes the glomalin that is newly
(Harris, 2003; Mellongt al., 2001). deposited by the AMF hyphae and is extracted after
Methods to estimate the microbial activity in only one autoclave cycle in sodium citrate solution
semiarid soils are important for environmentalwhile the second represents the long term depasits
monitoring and recovery of degraded areas (Pesedla, is extracted after a few more cycles. The effect of
2004). Studies on the impact of environmental ceang gypsum mining on production of glomalin related
to microbial populations and their activity haveeds proteins is unknown. Therefore, this study represen
among others: microbial biomass carbon, enzymeéhe first attempt to determine the usefulness dg th
activity (fluorescein diacetate hydrolysis-FDA) and variable to detect changes produced by gypsum
microbial respiration (Sarig and Steinberg, 1994;extraction.
Garciaet al., 2004). The main objectives of this study are to evaluate
Microbial biomass can function as a reservoir ofand compare the biological state of soils from a
easily available nutrients or be catalyzed during t preserved, native “caatinga” area and impactedgyps
decomposition of organic matter (Garaial., 2004). mining areas. Moreover, the results can supply more
Besides, working as an agent of biochemicalevidence for recommendation of glomalin as a
transformation of organic compounds, microbes act abiochemical indicator of soil quality, consideritigat
a reservoir of N, P and S in the soil (Wardle, 1992 some glomalin fractions are potential indicatorstof
and the evaluation of microbial biomass can supplympact of agricultural practices, being identified a
useful data on changes in soil biological propertie biomarker for AMF biomass and activity in soil
(Jordanet al., 1995). Microbial respiration is used as (Millner and Wright, 2002).
an indicator of soil quality in degraded areas.islt

related to the loss of organic carbon from the fptanil MATERIALSAND METHODS
system to the atmosphere, nutrient cycling andoresp
to soil management strategies (Pardtial., 1997). The A native preserved area and areas impacted by

FDA hydrolysis is a measure for the evaluationtef t gypsum mining were selected at the Araripina
impact of agricultural practices in the soil (Aehal., Experimental Station (7°34'34”S and 40°29'54"W,
2001; Tayloret al., 2002) and can be affected by a322 m height), located in the semiarid region of
variety of factors related to production, activity, Pernambuco State, in Northeast Brazil. The four
catalytic behavior and persistence of enzymes @& thcollecting areas included: (1) a native, preserved
soil (Gianfreda and Bollag, 1996; De Andrade and ddcaatinga” area (AN); (2) a caatinga degraded area
Silveira, 2004). surrounding the mine, with more sparse vegetation
Soil disturbance results in a decrease in mictobia(AM); (3) a waste deposit area (AR); (4) interface
populations, among which the Arbuscular Mycorrhizalbetween the waste deposit and a mining degraded are
Fungi (AMF) are included, also affecting the vegeta (Al). The “caatinga” is an exclusive Brazilian biem
community. The AMF are important components ofthat covers more than 80000 rincluding all States of
sustainable systems as they improve the nutritistesé  the Northeast region. It is characterized by a dud
of the associated photobiont (Mirzakhamial., 2009)  dry climate and vegetation with trees and shruteym
and soil structure via external mycelium and its by of them presenting spines and some xerophytic
products, including glomalin. This relatively inable  characteristics, belonging to Leguminosae,
glycoprotein is related to soil aggregation dueitto  Apocynaceae, Euphorbiaceae, Cactaceae, Bromeliaceae
adhesive characteristics (Bimt al., 2002) and it is and other families (Leadt al., 2003). Forty two plant
considered a large source of C in the soil (Rillig,species, belonging to 37 genera from 25 families ar
2004), contributing to better soil quality (Rillig al., found in these areas; species of Leguminosae
2002). Organic C and N have been strongly corrélate(Mimosoidae) and Euphorbiaceae are predominant, wit
to glomalin-related soil proteins (Birdt al., 2002). six and four species, respectively (Mergulhaoal.,
Rillig et al. (2003) suggest that quantification of 2007). Plant diversity is reduced in the impactezhs,
glomalin in the soil can be an important indicatdr  with difference of up to 69% in comparison with the
changes caused by soil disturbance and indicale saiative area. The following species are presenthen t
reclamation. Glomalin has also been considered ipreserved areaviyracrodruon urundeuva Alemao and
biostabilization and remediation of polluted soils Spondias  tuberosa  Arruda (Anacardiaceae);
(Gonzalez-Chaveet al., 2004). Two main fractions of Aspidosperma  pyrifolium Mart. (Apocynaceae);
glomalin related soil proteins are usually con®deis Caparis hastata L. and Caparis flexuosa (L.) L.
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(Capparaceaeparapiptadenia zehntneri (Harms) M.P.  two periods: wet (December/2003, Rainfall = 28.7
Lima, Mimosa tenuiflora (Willd.) Poir., M. mm) and dry (September/2004, Rainfall = 1.3 mm).
ophthalmocentra Mart. Bemth. andAnadenanthera  Part of the samples was taken to the Institute
colubrina (Vell.) Brenan. (FabaceaeQissus simsiana ~ Agronomico of Pernambuco, for physical and
Schult and Schult (Vitaceae). In the mining chemical analysis (Table 1) and part was usedher t
surroundings the vegetation is represented, amongther analysis.
others, by Arrabidaea corallina (Jacg.) Sandw. Microbial biomass C was determined according to
(Bignoniaceae); Tagetes minuta L. (Asteraceae); Vanceet al. (1987): the soil extracts were filtered and
Jatropha mollissma (Pohl.) Baill. (Euphorbiaceae); maintained at -4°C. Later, the organic C was
Cassia trachypus Mart ex Bemth. (Leguminosae determined by the method of oxidation with potassiu
Caesalpinoideaefrosopisjuliflora DC. (Fabaceae). In dichromate, after acid digestion at 100°C and tiira
the interface between the preservgd and the impact&yith ammoniacal ferrous sulphate, using Fe as
areas there are some CactaceR#ofocereus sp.), ndicator. Basal respiration was determined in damp
Euphorbiaceae Qroton sp. and_Mamhot sp.) and adjusted to 40% of field capacity, according tosGri
Fal_)apeae A(nadena_nthera C.O'Ub“”a! (VeII._) Brenan., (1997), with the C@expressed img of C g* of dry
P. juliflora). Only five speciesRuellia paniculata L., il. Fluorescein Diacetate hydrolytical ActivitfDA)
Alternanthera tenella Colla, ZiZziphus joazeiro Mart., SOl U ; yar y

was estimated according to Swisher and Carroll @198

Croton sp. and the exotiP. juliflora are found in the d th it dio i in & of d
most degraded area (deposit of mining waste). Roota™ _? results expressedig fluorescen g ot dry
soil h™. Two glomalin fractions-Easily Extractable

obtained from the rhizosphere of the local plangsewr o .
colonized by AMF. The degree of colonization varied(EEG) and Total (TG)-were quantified according to

between the areas: 37.5% in the preserved natae ar\Wright and Upadhyaya (1998). To separate the

(AN), 42.5% in the mining degraded area (Al), 559 i aggregate fractions (1-2 mm), the soil was siee84(

the surrounding area (AM) and 56.8% in the wastenm and 1.41 mm mesh sizes). For EEG, 2 mL of sodium

deposit area (AR) (Mergulhaab al., 2007). cirate (20 mM; pH 7.0) was added to 0.25 g of
Ten composite rhizosphere soil samples wereéggregates, followed by extraction in an autoclave

collected (5-20 cm deep) in each area (108pduring  (121°C/30 min) and further centrifugation (1000 ).

Table 1: Chemical and physical characteristichefdoil collected in two periods (wet and dry)fonr areas of a gypsum mining in Araripina,
Pernambuco State, Brazil

H,0 mg.dm®g.Kg™ cmolc.dm® meq.L* Textural analysis (%)
Areas pH P C Ca Mg K 20 CGs HCGO; Sand Clay Silte
Wet period
AN 6.28 5 1.16 5.90 1.30 0.43 Presence 0.20 1.80 67 8 25
Al 5.72 11 1.27 20.00 9.30 0.46 Presence 0.20 0.80 26 45 29
AM 7.64 54 1.34 40.50 6.25 0.19 Strong presence40 0. 1.60 22 39 39
AR 7.65 42 0.72 68.00 9.75 0.34 Strong presence 0 0.21.20 27 6 67
Dry period
AN 6.43 8 1.20 6.20 1.15 0.36 Presence 0.80 5.60 74 8 18
Al 5.72 14 1.30 36.25 11.25 0.62 Strong presence00 0. 0.80 14 59 27
AM 7.52 161 1.33 45.40 3.10 0.40 Strong presence00 0. 1.60 22 47 31
AR 7.56 32 0.65 61.75 1.65 0.46 Strong presence 0 0.22.40 37 28 35
Areas OM (%)  Fe (mg di) Dap (g crm®) Dr (g cni®) RH (%) WP 15 Atm Textural class
Wet period
AN 2.00 12.73 1.44 2.50 1.25 4.47 Sandy Franco
Al 2.19 52.50 1.21 2.55 6.90 20.51 Clayey
AM 2.31 0.93 1.20 2.31 8.65 24.88 Clayey Franco
AR 1.24 0.41 1.28 2.58 7.00 18.14 Silty Franco
Dry period
AN 2.07 13.73 1.34 2.59 0.40 4.67 Sandy Franco
Al 2.24 79.80 1.13 2.44 8.60 30.65 Clayey
AM 2.29 0.71 1.10 2.36 6.80 26.93 Clayey Franco
AR 1.12 0.23 1.22 2.46 6.55 8.29 Silty Franco

TAN: Native, preserved “caatinga”; AM: Mine Surrolings; AR: Reject Area; Al: Interface between thesteadeposit and an area of “caatinga”
degraded by mining; OM: Organic Matter; Dap: Bu#ndity; Dr: Particle density; RH: Relative HumidityP: Welting point
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The TG fraction was extracted adding 2 mL of sodium  For total glomalin (TG), there was an isolate €efffe
citrate (50 mM; pH 8, 0) to the sediment of theviwas ~ of the factors (areas p<0.004; sampling periods
extraction of the EEG fraction, in eight cycles of p<0.0001) without any interaction between each rothe
extraction in an autoclave. At the end of eacheytle  Higher total glomalin (TG) production occurred et
material was centrifuged and the sediment resusgend et period compared to the dry period (3.4 andr@g8

with fresh 2 mL of the extracting solution. The
supernatants from both fractions were stored (-4fiat)
the glomalin quantified using the Bradford totabtein
assay with bovine albumin as standard (Bradford6).9

Statistical design and analysiss The data were
Analyzed using Variance Analysis (ANOVA) and the

means compared by the Tukey test (p<0.05) using the

glomalin g* of soil aggregates, respectively) in the
native area (Table 5). In the other areas, no foigmit
differences in TG production were found between
periods (Table 5).

Table 3: Fluorescein Diacetate hydrolysis ActivilyDA) in soil
samples from a native and gypsum mining impactedsar
Araripina-PE

Sanest program. Prior to analysis, microbial bismas
was transformed intd(X), FDA and TG intoV(X+0, 5).

ug FDA hydrolysis ¢ dry soil i*

RESULTS

Microbial biomass C was lower in the impacted
areas, with statistical difference observed onlyveen
the waste deposit area (AR) and the interface éab

Areas Wet period Dry period
AN 39.96aA 29.98bA
Al 46.59aA 7.01bB
AM 26.34aB 25.89aA
AR 1.00aC 1.00aC
% CV =12.93

native areas (AN) (Table 2). In general, fungalnéss
was higher in soils of the native area where mdaatp
are found; in this area pH was near neutrality§&213

in wet and dry periods) and the levels of P, Ca ldigd
were lowers than in the other areas (Table 1). So
samples from the preserved “caatinga” area haderea
liberation of C-CQ per unit of time than those from the
impacted areas (Table 2).

In each line, lower-case letters compare periodseézh treatment
and in each column, capital letters compare treatsnevithin a
period. The means (5 replicates) followed by thmesdetter do not
differ statistically (p<0.05) from each other aatiog to Tukey test.
alues changes(X+0.5). 'AN = Native preserved area; AM = Area
urrounding the mine; AR = Waste deposit area; Alnterface
between the waste deposit and a mining degraded are

Table 4: Easily Extractable Glomalin (EEG) in sditsm a native
and degraded gypsum mining areas in Araripina-PE

Total soil enzyme activity (i.e., FDA hydrolysigjhs
affected by the sampling period, with high valueshe
native and interface areas during the wet peridadeny
compared to the dry period (Table 3). In the otinieas the

mg glomalin g/ 1-2 mm aggregates

soil enzyme activity did not differ between periodis
general, the FDA hydrolysis, the C of microbial rhass
and basal respiration were higher in the presemaiilye
“caatinga” area (AN) (Table 2 and 3).

Areas Wet period Dry period
AN 1.21aA 0.91bA

Al 0.04bB 0.44aB
AM 0.01aC 0.02aB
AR 0.00aC 0.01aB

% CV =16.43

The changes produced by the mining activity
reduced the concentration of EEG in the affectedsam
relation to the native “caatinga” in both samplpeyiods

(Table 4). Higher EEG concentration was measured i,

the wet period in the native “caatinga” area, wiitle
opposite occurring in the interface area (Table 4).

Table 2: Microbial biomass carbon and basal respirain soil
samples from a native and gypsum mining impactedsar

Capital letters compare among areas for each parodlower-case
letters compare periods for each area. Means fetioly the same
letter do not differ statistically (p<0.05) accardito the Tukey test.
'AN = native preserved area; AM = area surroundirggrhine; AR =

te deposit area; Al = interface between the evdeposit and a
mining degraded area

Table 5: Total Glomalin (TG) in soils from a natie@d degraded
gypsum mining areas in Araripina-PE, independent of
harvest period

Araripina-PE, independent of sampling period

Total Glomalin (TG)

Microbial biomass carbon Basal respiration . Areag mg glomalin §¥ 1-2 mm aggregates
Areag (ug C g dry soil) (1g CQ g™ dry soil day?) AN 123A
AN 311.91a 30.50a Al 3.01B
Al 285.24a 23.19b AM 5538
AM 226.28ab 20.24c :
AR 184.38b 17.82¢c AR 2.71B

"% CV = 14.57 "% CV =9.51 Wet period 3.44A
In each column, letters compare each treatment.méans (n = 5) Dry period 2.81B

% CV =10.69

followed by the same letter do not differ statisliz (p<0.05)

according to the Tukey test. Values changd). ‘AN = Native
preserved area; AM = Area surrounding the mine; ARNaste
deposit area; Al = Interface between the waste siepad a mining
degraded area
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DISCUSSION As occurred with other variables, concentration of
EEG was also lower in the mining affected areagreh
The few differences on microbial biomass Cin some samples it was not detected, in comparison
among the areas might be related to the fact thtat t with the preserved “caatinga”. The EEG fraction may
organic carbon and organic matter were similabe an indicator of more recently deposited glomadin
between those areas, except for the deposit ardp (R the soil by AMF hyphae (Rillig, 2004). Other stuglie
The values for this variable (microbial biomassat@ (Preger et al., 2007; Steinberg and Rillig, 2003)
within the range mentioned for savannas, gallergso indicate that EEG and TG extraction protocols may n
and eucalyptus forest (Behera and Sahani, 2003€parate glomalin by age, as incubation studieg hav
Melloni et al., 2001); but lower values were observedshown glomalin moving in and out of these poolsrove
in other native semiarid area in Northeast Braziltime. Detection of small amounts of glomalin in sko
(Pereiraet al., 2004). Probably the gypsum mining impacted areagemonstrates the negative effect of the
activity contribute for increasing the levels of pHthe ~ Mining activity on the AMF and glomalin synthesis.
studied areas (almost neutral), reducing the méitabo High level of Ca and the strong presence of BGhe
activity of the microbial community. However, some impacted areas may have contributed to the low

AMF species, such aSlomus sp. andParaglomus production of EEG and TG. Levels of P, Ca and Mg in

occultum support higher pH, occurring in area with the soil were negatively correlated with the praiducof

pH>7.0 (Da Silvaet al., 2005). Basal respiration is glomalin (Lovelocket al., 2004). High level of Fe in the

usually related to biomass C whether the commugity AN and Al areas indicate; the importgnce of this
metabolically inactive or in dormancy (Oh al. element for glomalin production, considering thatta
, 0 - S .

1998). Soils impacted by anthropic action would beﬁﬁ) dohf Fe |fggp§esent in its structure (Wright and
under stress, with less efficiency in the use of C, paD.f}/aya, ')'th b f infect |
resulting in high liberation of C{per unit of substrate and irl1 r?&?t()::rsc;?Al\/?Fn:n;r:sr gorl':]] Z?ilnve dﬂrog‘zguﬁ;
(Insamet al., 1996). Changes in the respiratory activity ~ pore P “ g ary ”

periods, as demonstrated in other “caatinga” areas

(rjnq((:ar;%Fglebgct)ﬁzss:(?sézltfocii r:l::]edd é?r:gizggmfgg 1(Souzaet al., 2003), can contribute for changes in EEG
: I ! uckov ! oncentration in the soil. In the native area, whie

Soil tsarpglest_fromftgecpreservgg ]f:‘t”.‘at'n?r? atrrt]aa ha@nvironmental conditions are more suitable, the wet
greater liberation of C-Cfper unit of time than those period stimulates the growth of new roots resultimg

from the_ im.pact.ed areas indif:ating that_the miqbbi greater proliferation of AMF and, as a consequence,
community in this native area is more active thathe  pigher concentrations of EEG are found in the soil.
pther areas. !—hgh microbial respl(atlon mqutemcae. During the dry period, the AMF species presenthia t
intense cycling of the microbial population, Wwith jnerface area, whose soil structure is compromtsed
consequent higher cqnsumption of energy for sulvivayne gypsum mining activity, can be dormant, inciregs
(Behera and Sahani, 2003; Melloet al., 2001). he number of propagules in the soil as a defense
Confirming other studies, in some of the aread 88  mechanism against adverse conditions; this would
enzyme was affected by the season, being highergiur resylt in a decline of EEG in the soil. It has been
the wet than in the dry period. Conversely, greategyggested that the AMF can use two strategies
enzyme activity (FDA) was found during the dry peli  (colonization and persistence) for surviving in an
in a semiarid soil cultivated WltAtrlpIeX nummularia environment. In the first case, Species more able t
(Pereira et al. 2004). Swisher and Carroll (1980) colonize new hosts are included and in the latter t
demonstrated that this variable (hydrolysis of FO#\) species whichremain in the system (soil/root) even
directly proportional to the microbial population. under adverse conditions prevail (Hetral., 2001).
Probably the enzyme activity, the C of microbial The low TG measurements in the impacted areas
biomass and basal respiration were higher in th&uggest that the soil structure was compromisethéy
preserved “caatinga” area due to a higher supply ofilypsum mining activity. Possibly, the extracted
organic matter for nutrient cycling in relation tbe  glomalin in these areas represents earlier depiosite
other areas especially that with mining waste.dtive  native area, as this glycoprotein can remain insthié
forest soils, losses of nutrients are smaller iatien to  for many years (Rilliget al., 2001). The anthropic
impacted ones, due to higher plant and microbialmpact represented by the gypsum exploitation folyba
diversity, better soil cover throughout the yeard an impaired the production of external mycelium, where
higher immobilization in the soil (Behera and Sdhan glomalin is synthesized. In preserved areas >60ofng
2003; Melloniet al., 2001). total glomalin/g of soil can be extracted (Rilly al.,
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2001), while in our studies the values wereBird, S.B., J.E. Herrick, M.M. Wander and S.F. Witig
comparatively smaller, especially in the degraded 2002. Spatial heterogeneity of aggregate stability
areas. However, glomalin production in the native  and soil carbon in semi-arid rangeland. Environ.
area was higher than that measured in other samiari  Pollut.,, 116: 445-455. DOI: 10.1016/S0269-
soils (Bird et al., 2002). The high respiration rate and 7491(01)00222-6

the highest easily concentrations of glomalin ie th Bradford, M.M., 1976. A rapid and sensitive method
preserved “caatinga” area (AN) as observed in this for the quantification of microgram quantities of
study, may indicate a state of equilibrium in this protein utilizing the principle of protein-dye
ecosystem and the possibility that the aerobic binding. Anal. Biochem., 72: 248-254DOI:

heterotrophic microbiota is using the glycidic pantof 10.1016/0003-2697(76)90527-3
this protein in their oxidative processes, as hasnb Da Silva, A.G., S.F. Trufem, O.J. Saggin-Juniord an
suggested (Harnet al., 2004). L.C. Maia, 2005. Arbuscular mycorrhizal fungi in a
semiarid copper mining area in Brazil. Mycorrhiza,
CONCLUSION 15: 47-53. PMID: 14767726

Our data indicate that the environmental impact®® Andrade, S.A.L and A.P.D. da Silveira, 2004.1 Soi
produced by the gypsum mining activity reduced the microbial biomass and activity under the influence
microbial biomass, the total enzymatic activity and ~ Of lead addition and mycorrhizal soybean
production of glomalin in comparison to the natarea rhizosphere. Pesq. Agropec. Bras., 39: 1191-1198.
(AN), where higher biological activity was detected DOI: 10.1590/S0100-204X2004001200005
The possibility of using the easily extractablecfiran ~ Garcia, M.R.L., L. M.M. de Mello and A.M.R. Cassitda
of glomalin as an indicator of differences betweeil 2004. Microbial variables and productivity of bean
treatments (a preserved “caatinga” versus areas under different soil managements and limestone
impacted by gypsum mining) was confirmed. The application. Pesq. Agropec. Bras., 39: 1021-1026.

results also showed that concentration of glomadin DOI: 10.1590/S0100-204X2004001000010

the soil can be affected by wet or dry conditions.Gianfreda, L. and J.M. Bollag, 1996. Influence of

Further studies are needed to better clarify the ob Natural and Anthropogenic Factors on Enzyme

the AMF in areas of gypsum extraction and the irhpac  Activity in Soil. In: Soil Biochemistry, Stotzky, G

of this activity on soil quality. and J.M. Bollag (Eds.). Marcel Dekker, New York,
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