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Abstract
This study aimed to evaluate enzyme activity, glomalin-related soil proteins (GRSP), soil chemical attributes, and total 
organic carbon (TOC) in two Agroforestry systems (AFS) (AFS-1 and AFS-2), in a traditional agriculture area (TA), 
and secondary forest (SF) area in Paraty (RJ). Soil samples (from 0 to 5 cm depth) were collected during the rainy 
and dry seasons. AFS improves and/or maintains soil chemical indicators based on pH increase, reduces aluminum 
saturation and maintains soil nutrient content (Ca, Mg and K), when compared with SF. The contribution of organic 
material and the biodiversity of the AFS provide the maintenance of the total organic carbon content of the soil. AFS 
maintain the activity of the enzymes protease, β-glucosidase, acid phosphatase, and total enzyme activity (FDA), and the 
production of glomalin-related soil protein at levels similar to those observed in SF, especially during the rainy season. 
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1. INTRODUCTION AND OBJECTIVES

The municipality of Paraty comprises five conservation 
units of the Brazilian Atlantic Forest, and most rural 
properties are located within areas surrounding these units. 
Agricultural development shows a threat to the preservation 
of these conservation units. Therefore, alternative systems, 
known as agroforestry systems (AFS), were established in 
traditional communities surrounding the conservation units 
in order to restore degraded areas and to generate income 
(Souza & Piña Rodrigues, 2013).

AFS are soil management systems that closely resemble the 
ecology of natural forests and are important for sustainable forest 
exploitation in humid tropical ecosystems (Gama-Rodrigues et 
al., 2008). These systems are capable of not only producing at the 
time of development, but also preserve environmental, economic, 
and social factors so that the systems may be used by future 
generations (Oliveira et al., 2010). Given the complexity of the 
potential AFS benefits, the scientific community has been using 

indicators of soil quality to show how these systems contribute 
to soil conservation (Iwata et al., 2012; Lima et al., 2010)

Soil attributes such as enzyme activity, glomalin-related 
soil protein (GRSP), and soil organic carbon fractions are used 
as potential indicators of soil quality, since they are directly 
and/or indirectly related to nutrient cycling, soil fertility, 
structure, and stability of soil aggregates, as well as to plant 
productivity (Burns et al., 2013). 

Microorganisms are the most important source of enzymes 
in the soil (Bugg, 2012). These enzymes catalyze reactions 
that occur during nutrient cycling (Vidican & Stoian, 2015). 
Enzyme activity is a good indicator of soil quality and 
microbial activity because of the direct correlation between 
soil processes and the dynamics of soil biota, as well as because 
of the responsiveness of microorganisms to soil management 
practices and environmental conditions. Vallejo et al. (2010) 
observed that integrated agroforestry promotes an increase 
in soil microbial biomass and enzyme activity (β-glucosidase, 
urease, and acid and alkaline phosphatases), creating propitious 
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conditions for the biogeochemical cycle and providing a favorable 
microbial habitat.

Glomalin is a glycoprotein produced by arbuscular mycorrhizal 
fungi (AMF) as a constituent of their hyphal cell wall (Driver 
et al., 2005), and has a cementing effect upon contact with 
soil particles (Wright & Upadhyaya, 1998). Depending on the 
quantification method (Bradford method) and considering 
that the specific protein glomalin has not yet been isolated or 
described (Singh et al., 2013), glomalin is generally quantified 
from the soil as a glomalin-related soil protein (GRSP) (Rillig, 
2004). Abundant in soils, GRSP are strongly correlated with 
the stability of soil aggregates and constitute a significant 
portion of terrestrial carbon pools (Singh et al., 2013; Wright 
et al., 1996). Their role in the formation of soil aggregates has 
important consequences for carbon storage in the soil (Singh 
et al., 2013; Wu et al., 2012). GRSP concentrations respond 
to changes in soil exploitation, as well as to soil management 
practices. These proteins have been used in environmental 
monitoring since their presence is a good indicator of soil 
quality and AMF activity (Islas et al., 2016). 

Total organic carbon (TOC) represents approximately 
58% of the soil organic matter (SOM). Because TOC is 
directly associated with the physical, chemical, and biological 
characteristics of the soil (Matoso et al., 2012), it is one of 
the main indicators of soil quality and is also related to soil 
sustainability and production capacity (Carter, 2002). Several 
studies have shown the influences of soil management systems 
on soil TOC content (Silva et al., 2012; Portugal et al., 2008).

Different agricultural management systems may result 
in changes in soil chemical properties. Understanding soil 
fertility is one of the key factors for successful agricultural 
activity, and the assessment of soil chemical attributes under 
different soil management systems is an important method 
for evaluating soil quality and identifying medium- and 
long-term sustainable production systems (Iwata et al., 2012).

This study tested the hypothesis that agroforestry systems 
maintain and/or increase soil fertility and soil microbiota activity 
when compared to secondary forests within conservation 
units of the Brazilian Atlantic Forest. We evaluated enzyme 
activity, GRSP levels, soil chemical attributes, and soil total 
organic carbon (TOC) as indicators of soil quality, in two 
AFS (AFS-1 and AFS-2) and in a traditional agriculture 
area (TA). A secondary forest area (SF) in the Quilombola 
community of “Campinho da Independência”, Paraty (Rio 
de Janeiro, RJ), Brazil was used as reference.

2. MATERIALS AND METHODS

The study area was located in the Quilombola community 
of “Campinho da Independência”, in the district of Paraty-

Mirim, municipality of Paraty, RJ, Brazil (44° 42’ W, 23° 17’ S, 
60 m). The community is located in the central part of the 
environmental protection area of Cairuçu and along the 
Paraty-Mirim riverbanks and the BR-101 road. The region has 
a Cwa climate (Köppen, 1938), with moderate temperatures 
and hot and rainy summers. The native vegetation consists of 
Submontane Dense Ombrophilous forests (Radam Brasil, 1983).

The study area had four different types of vegetation cover: 
two 12-year-old agroforestry systems (AFS-1 and AFS-2), 
each characterized by a different vegetation type; a traditional 
agriculture area (TA); and a secondary forest area (SF) (Table 1). 
The AFS (400 m2 of area, each) and the TA (800 m2 of area) 
are found in the same landscape position, approximately 15 m 
from the SF, which features an area of approximately 1 ha. All 
areas are located in the lower part of the landscape and the soil 
is classified as Cambissolo Háplico (Inceptisol).

The AFS were established in February 2003 as experimental 
units (20  ×  20  m plots) of Regenerative and Analogous 
Agroforestry Systems, in order to create sustainable alternatives 
for income generation in traditional communities. A peach 
palm (Bactris gasipaes Kuhnt) was used as the main income-
generating species. Each plant was individually planted (one 
plantlet per hole), interspaced with leguminous (AFS-1) 
and non-leguminous species (AFS-2). Due to the forest 
regeneration processes, the current compositions of these 
systems differ from the original planting (Table 1). The 
area occupied by the AFS was previously used for banana 
(Musa sp.) and cassava (Manihot esculenta) production. 

In each study unit, in an area of 400 m2, three individual 
soil samples (0–5 cm depth) were randomly collected in the 
dry (September 2015) and rainy (March 2016) seasons. These 
samples were combined to form a composite sample, with 
a total of four composite soil samples per area. They were 
dried at room temperature and used to evaluate soil chemical 
attributes, TOC in the soil and its chemical fractions, enzyme 
activity in the soil, and to quantify GRSP.

The soil samples were passed through a 2 mm mesh 
sieve after air drying, thus obtaining the air-dried fine 
ground (ADFG). Soil chemical attributes were evaluated 
according to the method developed by Donagemma et 
al. (2011): pH in water; Al3+, Ca2+, Mg2+, extracted with 
KCl at 1 mol L-1, at the ratio 1:10; Al3+, by titration with 
0.025 mol L-1 NaOH; Ca2+ and Mg2+, by atomic absorption 
spectrophotometry; K+ and P, by extraction with Mehlich-1 
(HCl 0.05 mol L-1 + 0.0125 mol L-1 H2 SO4), at the ratio 
1:10; and H + Al, by Ca (OAc)2 at 0.5 mol L-1, adjusted pH 
7.0, at the ratio 1:15, titrated with 0.0606 mol L-1 NaOH. 
Total organic carbon (TOC) (g kg-1) was extracted by wet 
oxidation with potassium dichromate. TOC in the soil was 
quantified according to Yeomans & Bremner (1988).
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Enzyme activity was determined by the quantification of 
β-glucosidase, acid phosphatase, and protease. In addition, 
the total enzyme activity was evaluated by analyzing the 
hydrolysis of fluorescein diacetate (FDA). β-Glucosidase 
activity was analyzed according to Tabatabai (1994), using 
1.0  g of soil and the substrate PNG (p-nitrophenyl-β-d-
glucoside; 0.05  mol  L-1). Colorimetry was determined in 
a spectrophotometer at 410 nm. Results were expressed in 
μmol·g-1·h-1 p-nitrophenyl. Acid phosphatase activity was 
analyzed with 1.0 g soil, using p-nitrophenyl-sulfate (PNS) as 
a substrate (0.05 mol L-1) (Tabatabai, 1994). Colorimetry was 
determined in a spectrophotometer at 410 nm. Results were 
expressed in μmol·g-1 h-1 p-nitrophenyl. Protease activity was 
analyzed using the method of Alef & Nannipieri (1995), with 
1.0 g soil, 2% sodium caseinate solution, and Folin-Ciocalteu 
reagent (33%). Results were read in a spectrophotometer at 
700 nm. Protease activity was expressed in μg tyrosine g-1 
soil h-1. FDA hydrolysis was analyzed according to Schnurer 
& Rosswall (1982), using 1.0 g soil and FDA stock solution. 
Samples were read in a spectrophotometer at 490 nm to 
determinate the amount of hydrolyzed fluorescein. FDA 
activity was expressed in µg fluorescein g-1 soil h-1.

Soil glomalin was quantified as GRSP. Two GRSP fractions 
(easily extractable glomalin, EE-GRSP; and total glomalin, 
T-GRSP) were differentiated based on the extraction conditions. 
EE-GRSP was extracted by autoclavation, using 1.0 g soil and 
8.0 mL 20 mmol L-1 sodium citrate (pH 7.4), at 121 °C for 30 min. 
T-GRSP was extracted using 1.0 g soil and 8.0 mL 20 mmol L-1 

sodium citrate (pH 8.0), at 121 °C for 30 min. T-GRSP was 
extracted using multiple autoclavation cycles until the samples 
reached a light-yellow color. After autoclavation, both fractions 
were subjected to centrifugation at 4,000 rpm for 20 min.; the 
supernatant was removed for subsequent protein quantification. 
Glomalin was quantified according to the Bradford method 
(Wright et al., 1996), available at http://www.usda.gov, using 
bovine serum albumin (BSA) as standard. For both fractions, 
glomalin concentrations were corrected for mg g-1 soil, accounting 
for the total supernatant volume and the soil dry mass.

Results were tested for normal error distribution (Lillifors 
test; SAEG 5.0) and homogeneity of variances (Cochran’s and 
Bartlett’s tests; SAEG 5.0). Mean values were subsequently 
compared by applying the Bonferroni t-test, using the statistical 
software 4.6 Sisvar. Cluster analysis was conducted with the 
statistical software PAST.

3. RESULTS AND DISCUSSION

3.1. Soil chemical attributes and total organic 
carbon

In the dry season, pH values differed between AFS-1 and 
AFS-2, TA, and SF, with SF having the lowest values, followed 
by AFS-1 and TA with intermediate values, and AFS-2 with 
the highest values (Table 2). In the rainy season, only AFS-2 
differed from SF, having the highest pH values (Table 2), which 
suggests that AFS, especially AFS-2, could improve soil pH, 

Table 1. Species grown in 2013 in agroforestry systems, traditional agriculture and secondary forest located in the community of Campinho 
da Independência, in the municipality of Paraty, RJ.

Areas Plant species

AFS-1

Agroforestry systems – 1: Ingá (Inga laurina); Embira de sapo (Lochocarpus huilleminianus (Tull.) Malme); Abiu 
(Pouteria macrophylla Radkl.); Jaca (Artocarpus heterophyllus Lam.); Carambola (Averrhoa carambola L.); Goiaba 
(Psidium guajava); Graviola (Annona muricata); Guapuruvu (Schizolobium parahyba (vell) Blake); Araribá 
(Centrolobium tomentosum Guill. Ex Benth.); Jatobá (Hymenaea courbaril L.); Copaíba (Copaíba langsdorffii Desf); 
Terminalia sp.; Jussara (Euterpe edulis Mart.)

AFS-2

Agroforestry systems – 2: Ingá (Inga edulis e Inga laurina); Urucum (Bixa orellana L.); Embira de sapo (Lonchocarpus 
guilleminianus (Tull). Malme); Pau viola (Cytharexyllum myrianthum Cham); Abiu (Pouteria macrophylla Radkl.); 
Limão (Citrus sp.); Jaca (Artocarpus heterophyllus Lam.); Carambola (Averrhoa carambola L.); Goiaba (Psidium 
guajava); Graviola (Annona muricata); Cedro (Cedrela odorata); Canela (Nectandra lanceolata Ness et Mart. ex Nees); 
Jequitibá (Cariniana legalis (Mart.) Kuntze); Bicuiba (Virola bicuhyba (Schott) Warb.); Clidemia urceolata; Embira de 
sapo (Lochocarpus huilleminianus (Tull.) Malme); Miconia calvescens; Piptadenia paniculata; Schinus terebinthifolius; 
Paineira (Ceiba speciosa); Jussara (Euterpe edulis Mart.)

TA Traditional agriculture: area used the traditional management systems of intercropping, crop rotation, and fallow for 
crop (maize, bean, yam, and banana) production. No fertilization or burning.

SF

Secondary forest: Pau óleo (Alchornea triplinervia Mull. Arg.); urtiga (Boehmeria caudata Sw); embaúba (Cecropia 
pachystachya Trécul.); camboatá (Cupania oblongifolia Mart.); maria mole (Guapira opposita (Vell.) Reitz); pau de 
arco (Guarea macrophylla Vahl.); ingá (Inga laurinam); embira de porco (Lonchocarpus guilleminianus (Tul.) Malme); 
miconia (Miconia calvescens DC.); canela (Nectandra lanceolata Nees and Mart. ex Nees); pariporaba (Piper arboreum 
Aubl.); angico (Piptadenia paniculata Benth); Psychotria sp; acácia (Senna multijuga (Rich.); joá (Solanum pseudoquina 
A.S.T.-Hil.); amendoeira da praia (Terminalia sp.); catinguá (Trichilia hirta L.); Vochysia sp.

Source: Modified from Tavares et al. (2018).
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preventing excessive soil acidification. This may be because 
of the alkaline matter formed during litter decomposition 
in these systems (Tian et al., 2013). On the other hand, in 
general, we observed lower Al3+ levels in the AFS and TA than 
we did in the SF, while H + Al concentrations were similar 
in all areas except for the TA, which had lower levels than 
the other areas (Table 2). Soil organic matter quality can also 
explain the low Al3+ value, since it may participate in the 
complexation of free Al3+, adding bases (Ca2+, Mg2+, and K+), 
and consequently reducing acidity (Al3+) and increasing the 
pH (Pavinato & Rosolem, 2008).

Ca, Mg, and K levels did not differ between areas in both 
seasons (Table 2), suggesting that different vegetation covers 
(AFS-1 and AFS-2) and fallows (TA) favor the inputs of these 
macronutrients in the soil. Variation in vegetation cover, and 
the associated management, contributed to deposition of plant 
material (roots, twigs, and leaves), which, upon mineralization, 
influences chemical reactions in the soil, resulting in maintenance 
fertility and soil quality (Souza et al., 2012), when compared 
to the secondary forest. However, P levels were higher in the 
SF than in the AFS and the TA (Table 2). 

In this study, we observed that, in general, there were no 
significant changes in TOC levels, in both seasons, when AFS 
areas were compared with a secondary forest (Table 3). Similar 
TOC levels between AFS and SF areas may be associated 
with comparable inputs of organic material in both areas 
and seasons. According to Gama-Rodrigues et al. (2008), 
the structure of AFS might be very similar to the structure 
of native vegetation. In addition, the type of management 

adopted in AFS (based on the diversity of plant species, 
which provide soil cover through dense layer deposition 
of organic material, continuously generated by the fall of 
leaves and branches of different crops) optimizes nutrient 
and carbon cycling processes. Such scenario would promote 
aggregate stabilization and raise the levels of organic matter 
due to exudate release and the rapid formation, death, and 
decomposition of fine roots favored by the biochemical 
cycling (Brown et al., 2006). 

The TA area did not differ in the TOC contents in relation 
to the other areas (AFS and SF), in the dry season. In contrast, 
in the rainy season, it showed the lowest TOC levels. This could 
be explained by the fact that, in the rainy season, TOC input 
and output in the TA area did not occur at the same magnitude 
as in the other systems, in contrast to what occurred during 
the dry season. In the dry season, the TA area was fallow for 
about three years, and covered by undergrowth, which may 
have allowed lower organic matter losses in the soil and, 
consequently, a greater incorporation of TOC. On the other 
hand, in the rainy season, this area was being cultivated for 
six months with a yam culture. Thus, possible changes in 
temperature, humidity, aeration, absorption and leaching in 
the soil as a consequence of cultivation (Sanchez, 1976) may 
have accelerated the TOC mineralization process (Cerri et al., 
1985). That is, this possibly affected soil carbon levels due to 
changes in the input of vegetable residues and in the rate of soil 
OM decomposition, leading to a greater amplitude between 
the values observed in the TA area and in the other areas (AFS 
and SF), allowing differences to be detected in the rainy season.

Table 2. Soil chemical attributes in areas of secondary forest (SF), agroforestry systems (AFS-1 and AFS-2), and traditional agriculture 
(TA), at a depth of 0–5 cm, during the dry and rainy seasons.

Areas
pH Al3+ H + Al Ca2+

cmolc dm-3

Dry Rainy Dry Rainy Dry Rainy Dry Rainy
SF 4.31c 4.33b 1.39a 1.38a 1.89a 2.51a* 1.19ª 1.15a

AFS-1 4.55b 4.77ab 1.07ab 0.81ab 1.93a 2.38ab* 1.42ª 1.38a

AFS-2 5.11a 5.01a 0.60b 0.68b 1.82a 2.35ab* 1.46ª 1.46a

TA 4.79b 4.70ab 0.59b 1.09ab 1.51a 2.09b* 1.49ª 1.36 a

Areas
Mg2+ K+ P TOC

cmolc dm-3 mg dm-3 g kg-1

Dry Rainy Dry Rainy Dry Rainy Dry Rainy
SF 0.58a 0.58a 0.019a 0.019a 18.22a 21.00a 15.28ab* 10.65a

AFS-1 0.43a 0.53a 0.018a 0.022a 3.50b 3.22b 18.49a* 9.18a

AFS-2 0.62a 0.58a 0.018a 0.017a 2.89b 2.53b 11.15b 8.67a

TA 0.47a 0.48a 0.020a 0.021a 3.47b 3.41b 17.35a* 4.83b

Mean values followed by the same letter in the same column did not differ according to the Bonferroni t-test at a 5% significance level. TOC: total organic carbon.

*Indicates a significant difference between seasons, according to the Bonferroni t-test at a 5% significance level.
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TOC levels were higher in the dry season than they were 
in the rainy season (Table 2), possibly because of the increased 
deposition of leaf litter and death of fine roots (Ø < 2 mm) 
during the dry period, in the SF and AFS. This fact may have 
stimulated soil microbiota activity, promoting higher rates of 
leaf litter decomposition and greater carbon uptake into the 
soil. When evaluating the amount of litter in the AFS and in 
the SF in the same region analyzed in our study, Souza et al. 
(2016) observed that deposition rates were higher at the end 
of the dry period than they were in the rainy period. Leaf 
litter and fine roots constituted the main sources of carbon 
input in the soil (Salcedo & Sampaio, 2008). In the case of 
TA, soil tillage, which had been fallow for three years in the 
dry season, for yam cultivation in the rainy season, may have 
resulted in higher rates of carbon mineralization, as well as 
the lower input of organic matter in the system.

3.2. Soil enzyme activity 

In the dry season, acid phosphatase activity was 
lower in the AFS and TA soils than it was in the SF. In 
the rainy season, this activity did not vary between AFS 
and SF (Table 3). Microorganisms and plant roots are the 
primary factors responsible for acid phosphatase synthesis 
(Tabatabai, 1994). It is possible that the presumed higher 
plant diversity (Table 1) in the secondary forest area resulted 
in a more developed root system and intense biological 
activity; this could explain the higher phosphatase activity 
compared to the TA. Composition of plant species may 

also be a factor to be considered to explain the variation 
in acid phosphatase enzyme activity in the soil between 
the studied areas (Li et al., 2004). Vegetation might affect 
phosphatase activity due to three factors: enzyme production 
by the plants, promotion of microbial activity in the soil, 
and deposition of plant residues, which increase SOM 
levels (Fernandes et al., 1998). In addition to favoring 
microbial activity, SOM protects acid phosphatase from 
degradation (Harrison, 1983). Rojo et al. (1990) observed 
higher acid phosphatase activity in acidic soils; this could 
explain the elevated activity of this enzyme in the SF area, 
which had low pH values.

β-Glucosidase activity differed only in the dry season, 
having higher values in the SF and in the TA than in the 
AFS. In the rainy season, there were no differences in 
β-glucosidase activity between areas. This pattern was also 
observed for protease and for the total enzyme activity 
(evaluated by FDA hydrolysis) in both seasons (except 
for FDA in AFS-2, which had the lowest values of all 
the areas). Most of the biochemical reactions that occur 
in the soil depend on, or are associated with, enzyme 
activities. The permanent vegetation cover in the SF and 
AFS provided continuous protection to the soil and a 
considerable source of nutrients, mostly originating from 
residues. The effects of vegetation cover on the microbial 
community may interact with the effects of humidity 
and temperature fluctuations throughout the year, and 
therefore affect these populations with varying intensity 
levels (Stieven et al., 2014). 

Table 3. Soil enzyme activity in agroforestry systems (AFS-1 and AFS-2), traditional agriculture (TA) and in secondary forests (SF), at a 

depth of 0–5 cm, during the dry and rainy seasons.

Areas 
 Acid phosphatase β-glucosidase

μmol g-1 soil h-1 p-nitrofenol
Dry Rainy Dry Rainy

SF 7.96 a* 5.95 a 10.97 a* 6.97 a 
AFS-1 6.25 b* 4.73 ab 6.88 b* 5.44 a
AFS-2 5.73 b* 4.66 ab 7.63 b* 6.07 a

TA 6.04 b* 4.40 b 10.74 a* 6.34 a

Areas
Protease FDA

μg tyrosine g-1 soil h-1 µg fluorescein g-1 soil h-1

Dry Rainy Dry Rainy
SF 482.79 a 758.72 a* 144.83 a 146.45 a

AFS-1 402.39 a 682.58 a* 134.76 a 138.78 a
AFS-2 519.62 a 779.82 a* 112.31 b 123.74 b*

TA 516.24 a 725.91 a 143.81 a 136.16 ab

Mean values followed by the same letter did not differ according to the Bonferroni t-test at a 5% significance level; FDA: fluorescein diacetate hydrolysis.

* Indicates a significant difference between seasons, according to the Bonferroni t-test at a 5% significance level.
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Acid phosphatase and β-glucosidase activities were 
higher in the dry season than they were in the rainy 
season, probably because of the higher rates of leaf-litter 
deposition in the dry period, promoting enzyme activity 
and resulting in increased carbon incorporation into the 
soil (Table 3). β-Glucosidase participates in the final step of 
cellulose decomposition, in the hydrolysis of the cellobiose 
residues (Tabatabai, 1994). Some studies (Louzada et 
al., 1995; Machado et al., 2015; Portela & Santos, 2007) 
conducted in an environment of Atlantic Forest reported 
higher litter depositions in the dry season. High litter 
inputs in agroforestry systems contribute to soil microbial 
activity (Costa et al., 2017). In contrast, protease (in the SF, 
AFS-1, and TA) and FDA (in AFS-2) had higher activity 
in these areas during the rainy season than during the dry 
season. This fact may indicate lower levels of N and C in 
the soil in the rainy season, which may have stimulated 
higher protease activity. According to Geisseler & Horwath 
(2008), the activity of the soil protease is interconnected 
with the availability of carbon and nitrogen. These authors 
evaluated the regulation of extracellular protease activity 
in soil in response to different sources and concentrations 
of nitrogen and carbon, and observed that the reduction 
in N and carbon concentrations increases the activity of 
this enzyme.

3.3. Glomalin-related soil protein

In both seasons, the levels of T-GRSP and EE-GRSP 
in both the AFS were not significantly different from the 
levels found in the SF (Table 4). According to Oliveira et 
al. (2009), these proteins contribute to soil aggregation and 
stability, and, by participating in the carbon cycling, play an 
important role for the soil microbiota. It is estimated that 
GRSP contributes to 37% of the carbon in tropical soils, 
constituting 3% of carbon pools in the soil (Lovelock et al., 
2004; Schindler et al., 2007).

T-GRSP levels were lower in the TA area than they were 
in the AFS and SF areas, in both the dry and rainy seasons. 
However, the amounts of EE-GRSP did not differ between 
these regions (Table 4), indicating that the fraction that 
was recently deposited (EE-GRSP) and had not yet been 
subjected to soil biochemical reactions (Wright et al., 1996) 
was being synthesized and deposited in the TA area with the 
same intensity observed in perennial systems (AFS and SF). 
In contrast, T-GRSP, which represents the fraction that 
undergoes biochemical reactions and is more intrinsically 
bound to soil particles, and consequently more recalcitrant 
(Koide & Peoples, 2013), was affected by the TA management 
system. TA management prevents T-GRSP accumulation, 
unlike the practices adopted in the AFS and in the SF. This 
suggests that areas with arboreous elements and greater 
biodiversity promote biochemical transformations and 
glomalin incorporation into the soil. According to Bird et al. 
(2002), soils protected by trees accumulate more organic 
matter and are less exposed to disturbances, a scenario 
that provides conditions conducive to fungal growth and 
glomalin synthesis. Higher T-GRSP levels in the forest area 
than those in the TA may be associated with the temporal 
accumulation of this protein. Silva et al. (2016) showed 
that GRSP levels are higher in secondary forest areas than 
in crop areas. It is not yet clear which factors control the 
production of GRSP in the environment. Guo et al. (2012) 
and Wilson et al. (2009) proposed that nutrient availability, 
organic carbon, climate, litter quality and quantity and AMF 
diversity, as well as their host and their productivity might 
affect the amount of GRSP in the soil. 

GRSP levels were higher in the rainy season than they were 
in the dry season. This may be associated with the promotion of 
higher rates of decomposition of arbuscular mycorrhizal fungi 
hyphae (structure which shows glomalin in its composition) 
by the soil biota, with consequent GRSP release (Driver et al., 
2005), a process that is normally stimulated by the increased 
soil moisture during the rainy season.

Table 4. Glomalin-related soil protein in a secondary forest (SF), agroforestry systems (AFS-1 and AFS-2), and traditional agriculture (TA) 
areas, at a depth of 0–5 cm, in the dry and rainy seasons. T-GRSP: total GRSP; EE-GRSP: easily extractable GRSP.

Areas
T-GRSP EE-GRSP

mg g-1solo
Dry Rainy Dry Rainy

SF 7.35 a 18.54 a* 0.88 ab 1.67 a*
AFS-1 6.87 a 11.67 ab* 1.15 a 2.58 a*
AFS-2 6.15 a 19.01 a* 0.56 b 0.78 a

TA 4.80 b 9.50 b* 1.32 a 2.18 a*

Mean values followed by the same letter did not differ according to the Bonferroni t-test at a 5% significance level.
* Indicates a significant difference between seasons, according to the Bonferroni t-test at a 5% significance level.
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3.4. Cluster analysis

Figure 1 shows the degree of similarity between the 
chemical, microbiological, and total soil organic carbon in the 
study areas during the dry (Figure 1a) and rainy (Figure 1b) 
seasons. In both seasons, the AFS and TA had a similarity of 
more than 50% to the SF. However, AFS-1 in the dry season 
was only 10% similar to the SF.

The use of AFS near the SF, both surrounding the TA 
area, has contributed to the formation of an interesting 
agroecosystem, in which regions with more arboreous 
elements and greater biodiversity (AFS and SF) protect the 
TA areas. Previous studies (Phalan, Balmford et al., 2011; 
Phalan, Onial et al., 2011) have analyzed the combined use 
of agricultural systems that exploit the soil with different 
intensities. This combined use enables the formation of many 
interactions, and a few authors (Phalan, Balmford et al., 2011; 
Phalan, Onial et al., 2011) claimed that it contributed to the 
development of more sustainable agroecosystems. These 
interactions include improvements in the physical, chemical, 
and biological attributes of the soil (Souza et al., 2012).

4. CONCLUSIONS

Agroforestry systems promote improvement and/or 
maintenance of soil chemical indicators based on pH increase, 
reduction of aluminum saturation and maintenance of soil 
nutrient content (Ca, Mg and K).

The contribution of organic material and the biodiversity 
of the agroforestry systems provide the maintenance of the 
total organic carbon content of the soil, which may ensure 
a longer permanence of this material and greater beneficial 
effects promoted by the organic matter of the soil.

Agroforestry systems maintain the activity of the enzymes 
protease, β-glucosidase, acid phosphatase, and total enzyme 
activity (FDA), and the production of glomalin-related soil 
protein at levels similar to those observed in a secondary 
forest, especially during the rainy season. This indicates 
that agroforestry systems preserve certain soil chemical and 
biological properties.
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