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ABSTRACT

The conversion of native forests into intensive agricultural cropping affects soil quality and ecosystem functionality 
in tropical dry areas. Although many indicators have been used to assess soil quality, the most sensitive indicators are 
biochemical attributes. Absolute enzymatic activity (fluorescein diacetate hydrolysis, dehydrogenase, β-glucosidase, 
urease, arylsulfatase, and acid and alkaline phosphatases), soil organic C (SOC), microbial biomass C (MBC), 
and specific enzymes per unit of SOC and MBC were measured in forests and perennial (tomato, pangola grass, 
cotton passion fruit, and cashew nuts) and annual (bean, cabbage, pigeon pea, and fennel) crops. The changes 
in soils covered with perennial crops differed from those covered with annual crops as regards biochemical soil 
attributes. The multivariate analysis grouped the Entisols covered with annual crops far from the forest soils, which 
indicated that intensive management results in drastic changes in the biochemical quality of Entisols in tropical dry 
areas. The absolute β-glucosidase activity varied from 18.3 to 100.6 μg p-nitrophenol g-1 soil h-1. The tomato areas 
showed higher dehydrogenase activity with a value of 181.5 μL H g-1 soil. The absolute β-glucosidase, arylsulfatase, 
and alkaline phosphatase activity and the specific fluorescein diacetate hydrolysis/SOC, β-glucosidase/SOC, 
arylsulfatase/SOC, acid phosphatase/SOC, β-glucosidase/MBC, and acid phosphatase/MBC can be used as quality 
indicators of Entisols cultivated with perennial and annual crops. In addition, pasture soil could have a similar 
biochemical quality as forest soils in tropical dry areas.

Key words: Cropping systems, Entisols, soil organic carbon, specific enzyme activity per unit of soil organic 
carbon.

INTRODUCTION

Forests have been converted into agricultural areas, which can result in productive capacity losses, C emissions, 
and biodiversity losses, mainly in tropical dry areas that have most severely suffered anthropic uses (Quesada et al., 
2009). This problem is attracting the attention of producers and has resulted in a search for tools aimed at monitoring 
agricultural soil quality (Pandey et al., 2014). This quality depends on a large number of chemical, biological, 
physical, microbiological, and biochemical indicators and it may be affected by soil use (Wang et al., 2012). 
	 Thus, soil enzyme activity may respond more quickly to changes in soil systems (Acosta-Martínez et al., 2008; 
Medeiros et al., 2017) than other soil variables, and it is capable of reflecting ecosystem functions. Biochemical 
attributes are used extensively in the literature to assess quality in different land uses compared to forest (Raiesi 
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and Beheshti, 2014; Acosta-Martínez et al., 2014; Medeiros et al., 2015). Yé et al. (2017) studied soil chemical and 
biological characteristics of a perennially and annually grazed Sudanian savanna and showed that perennial grasses 
have a greater influence on soil attributes than annuals.
	 It is therefore not surprising that annual cropping species require more management and result in higher soil 
disturbance when compared to perennial crops with less soil disturbance, which reduces the need for fertilizers, 
pesticides, and irrigation (Fazio and Barbanti, 2014). However, there is a gap in understanding how annual and 
perennial crops reflect the changes in absolute and specific enzyme activity in sandy soils, mainly in tropical dry 
areas. Our objective was to determine the changes in soil chemical, organic C, microbial biomass, and absolute and 
specific enzyme activity (C, N, P, and S cycle) in Entisols covered with forests and annual and perennial crops in 
tropical dry areas. 

MATERIALS AND METHODS

Description of the study area, climate conditions, and soil samples
Soil samples were collected from perennial and annual crops and a young secondary forest (control) in the Brazilian 
semiarid region (Figure 1). In each land use area, four 100 m² areas were delimited and soil was collected at the 0-10 
cm layer. The selected areas had similar topographies, altitudes, and climates. The climate is hot and humid (As) 
according to the Köppen classification system. Annual rainfall was approximately 782 mm and soils were classified 
as sandy Entisols.
	 Soil samples were collected during the dry season. The selected perennial areas were TOM = Solanum 
lycopersicum L. (monoculture with periodic addition of chemical fertilizers and other inputs, such as chemicals to 
control weeds and diseases, under drip irrigation management), PASTURE = Digitaria eriantha Steud. (pangola 
grass monoculture), COT = Gossypium hirsutum L. (monoculture located next to the highway with weeding), 

Figure 1. Schematic map showing study area locations. 
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CASHEW = Anacardium occidentale L. (monoculture with 15-yr old trees), and PASSION = Passiflora edulis 
Sims f. flavicarpa O. Deg. (monoculture with drip irrigation in stony soil that is difficult to excavate). 
	 The areas considered as annual crops were BEAN = Phaseolus vulgaris L. (common bean monoculture fertilized 
with cow manure when preparing the growing area and with no irrigation management), CABBAGE = Brassica 
oleracea L. (monoculture under a traditional cultivation system with added chemical fertilizers and inputs for 
pest and disease control, PIGPEA = Cajanus cajan (L.) Huth (pigeon pea monoculture with no pesticide use, no 
irrigation, and exhibiting organic material accumulation at the base of the plants), and FEN = Pimpinella anisum L. 
(fennel monoculture on a stony slope). More information can be found in Barros et al. (2014).

Chemical attributes, soil organic C (SOC), and microbial biomass C (MBC)
The determined chemical attributes were water pH (1:2.5), available P, and exchangeable K, Al, Ca, and Mg. 
Exchangeable P and K were extracted by Mehlich-1, and K was quantified using flame photometry after extraction. 
Extractable inorganic P was quantified by colorimetry (Table 1).

Table 1. Chemical attributes of Entisols covered with forests and annual and perennial crops in Brazilian 
tropical dry areas.

FOR	 5.76	 01.60	 0.02	 07.50	 0.95	 0.10	 2.37
TOM	 7.32	 381.60	 0.03	 27.00	 3.25	 0.06	 1.21
PASTURE	 5.53	 00.20	 0.02	 05.00	 0.85	 0.07	 2.09
COT	 5.48	 01.20	 0.02	 06.6	 1.25	 0.08	 2.09
PASSION	 5.79	 22.18	 0.02	 12.50	 1.33	 0.07	 2.09
CASHEW	 6.36	 15.86	 0.02	 04.00	 0.95	 0.08	 1.60
BEANS	 6.08	 02.53	 0.02	 03.50	 0.93	 0.07	 1.21
CABBAGE	 6.97	 239.61	 0.04	 19.50	 2.20	 0.08	 1.21
PIG PEA	 5.20	 13.30	 0.03	 12.50	 0.75	 0.05	 1.71
FEN	 6.77	 02.24	 0.02	 12.00	 1.60	 0.10	 1.27

FOR: Forest; TOM: Solanum lycopersicum; PASTURE: Digitaria eriantha; COT: 
Gossypium hirsutum; PASSION: Passiflora edulis f. flavicarpa; CASHEW: Anacardium 
occidentale; BEAN: Phaseolus vulgaris; CABBAGE: Brassica oleracea; PIGPEA: Cajanus 
cajan; FEN: Pimpinella anisum.

pH K Mg Al+H

cmolc kg-1 

Code P Ca Al

mg kg-1 

	 The SOC content was analyzed according to work by Yeomans and Bremner (1988). The MBC soil content was 
determined by the irradiation method (Mendonca and Matos, 2005). The MBC was determined using 0.5 M K2SO4 
as the extractant,  and 80 mL extractant was added to 20 g of soil for each sample. The C content in the extracts was 
determined by the colorimetric method (Bartlett and Ross, 1988). 

Absolute enzyme activity
Enzyme activity was estimated based on the colorimetric analysis of products released by each enzyme. This occurred 
when the soil sample was subjected to standard incubation conditions with adequate substrate (Sigma-Aldrich, St. 
Louis, Missouri, USA) and measured with a spectrophotometer (Libra S22, Biochrom, Cambridge, UK).
	 Overall enzyme activity was estimated by fluorescein diacetate (FDA) hydrolysis according to Chen et al. 
(1988) and 3-6-diacetyl fluorescein as substrate. We measured the absolute enzyme activity of β-glucosidase (Beta) 
(3.2.1.21) according to a study by Eivazi and Tabatabai (1988) using p-nitrophenyl-β-D-glucoside as substrate; 
dehydrogenase (Dehy) (1.1.1) was measured based on Casida Jr. et al. (1964) using 2,3,5-triphenyltetrazolium 
chloride as substrate. Urease (URE) (EC 3.5.1.5), the enzyme involved in the N cycle, was estimated according 
to the methodology by Kandeler and Gerber (1988) using urea as substrate. Arylsulfatase (ARY) (EC 3.1.6.1), the 
enzyme involved in the S cycle, was estimated according to the method by Tabatabai and Bremmer (1972); enzymes 
involved in the P cycle, acid (P ac), and alkaline phosphatases (P alk) (EC 3.1.3) were estimated according to Eivazi 
and Tabatabai (1977) with p-nitrophenyl phosphate.
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Specific enzymatic activity per unit of SOC and MBC
To determine the specific enzyme activity per unit of SOC, each absolute enzyme activity was divided by SOC 
(Acosta-Martínez et al., 2014). To determine the specific enzyme activity per unit of MBC, the enzymatic activity 
was divided by MBC according to previous methods (Medeiros et al., 2015).

Data analysis
Data were subjected to ANOVA and contrast comparisons were calculated by Scott-Knott adjustments. To determine 
which biochemical attributes can be used as quality indicators, data were subjected to principal component analysis 
(PCA) with 5% significance. To obtain the eigenvalues and eigenvectors, we used Pearson’s correlation matrix to 
create similarity (Mota et al., 2014).

RESULTS AND DISCUSSION

The SOC significantly differed (P < 0.05) between all annual and perennial areas compared to FOR (Figure 
2A). Forest soils generally have the best quality due to the development of climax vegetation and because 
we used these soils to compare them with annual and perennial crops. There is a vast literature about 
SOC decreasing land use as compared to forests (Wang et al., 2012), including Brazilian semiarid regions 
(Medeiros et al., 2015; Chazdon et al., 2016).
	 Thus, SOC content in the present study was lower than in forests from India (Pandey et al., 2014) and Iran 
(Raiesi and Beheshti, 2014) because we used a young secondary dry forest, the Caatinga, which is an exclusive 
biome in Brazil. The secondary forest in the Brazilian semiarid region has peculiar features, such as the distinctive 
phenological patterns of plant growth and litter decomposition, due to climate seasonality, which leads to C losses 
with soil respiration (Ribeiro et al., 2016). In addition, the Brazilian dry forest showed low vegetation biomass that 
mainly consists of annual species that dry and disappear during the dry season (Moura et al., 2016).
	 However, the lowest SOC content in PASSION soils occurred because the soil is stony and has few litter inputs. 
These inputs are quickly decomposed by microbial transformations that release essential nutrients and modify 
physicochemical properties (Beheshti et al., 2012), which can alter soil microbial and biochemical properties (Raiesi 
and Beheshti, 2014). Scarce inputs therefore substantially changed the organic matter of PASSION soils. 
	 The sandy Entisols cultivated with annual crops did not follow the same model as perennial crops for MBC 
(Figure 2B). Management showed more influence in MBC than the effect of annual or perennial crops. For example, 
CABBAGE and TOM exhibited the highest MBC due to the agrochemical inputs that can stimulate microbial 
populations because of the microorganisms used as substrates (Medeiros et al., 2014).
	 Sandy Entisols covered with FOR and perennial and annual crops from tropical dry areas showed high 
differences in FDA (P < 0.05) (Figure 3A). The highest rates were detected in TOM and FOR. The TOM soils 
received agrochemicals that potentially increased the microbial community population, which was found in MBC. 
This variable is important to understand the global enzyme activity of the analyzed soil (Jiang et al., 2016).

Figure 2. Soil organic carbon (SOC) and microbial biomass carbon (MBC) of the Entisols covered with 
forests and annual and perennial crops in Brazilian tropical dry areas.

FOR: Forest; TOM: Solanum lycopersicum; PASTURE: Digitaria eriantha; COT: Gossypium hirsutum; 
PASSION: Passiflora edulis; CASHEW: Anacardium occidentale; BEAN: Phaseolus vulgaris; CABBAGE: 
Brassica oleracea; PIGPEA: Cajanus cajan; FEN: Pimpinella anisum.
The same letters indicate nonsignificant differences according to Scott-Knott at P < 0.05.
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	 Perennial crops strongly influenced dehydrogenase activity (Figure 3B). The FOR, TOM, and PASTURE 
resulted in increased DEHY when compared to annual crops, with the exception of FEN. The DEHY activity 
values were lower in the other soils, and losses were up to 97% compared to FOR soils. The PASSION soils were 
stony, with low coverage, and sun-exposed, this potentially resulted in stress as the temperature increased and 
low moisture was retained. These soils would therefore support microorganisms that maintain high organic matter 
oxidation levels. This enzyme activity quantifies the respiratory activity of soils associated with the metabolic 
activity of microorganisms (Medeiros et al., 2015); it demonstrates a positive change in TOM soil because it had a 
higher MBC content. Extracellular enzymes present in the soil are very important for organic matter decomposition 
and biogeochemical cycles. The dehydrogenase enzyme is linked to cells and catalyzes the oxidation of organic 
compounds by removing electrons from the hydrogen that will be captured by the coenzymes. 
	 The TOM soil had the second highest Beta activity related to the C cycle; this was probably due to C inputs in 
TOM areas (Figure 3C). Soils with annual PIGPEA crops had the lowest Beta activity. Lebrun et al. (2012) verified 
that plant residue rates were between 1.15 and 0.61 μmol PNP h-1 g-1  in a Luvisols subjected to a grazing system in 
the Yvetot area in northern France. This enzyme controls the release of glucose, which is a major source of energy 
for microorganisms.

Figure 3. Absolute enzyme activity of Entisols covered with forests and annual and perennial crops in 
Brazilian tropical dry areas. A) Fluorescein diacetate hydrolysis, B) dehydrogenase, C) β-glucosidase, D) 
urease, E) arylsulfatase, and F) acid and alkaline phosphatases.

FOR: Forest; TOM: Solanum lycopersicum; PASTURE: Digitaria eriantha; COT: Gossypium hirsutum; 
PASSION: Passiflora edulis; CASHEW: Anacardium occidentale; BEAN: Phaseolus vulgaris; CABBAGE: 
Brassica oleracea; PIGPEA: Cajanus cajan; FEN: Pimpinella anisum; FDA: fluorescein diacetate hydrolysis 
(μg hydrolysates g-1 soil); dehydrogenase (μL H g-1 soil); β-glucosidase (μg p-nitrophenol g-1 soil h-1); urease 
(μg NH4-N g-1 dry soil h-1); arylsulfatase (μg p-nitrophenol g-1 soil h-1); P ac: acid phosphatases; P alk: alkaline 
phosphatase. 
The same letters indicate nonsignificant differences according to Scott-Knott at P < 0.05. 
Enzyme values are expressed as mean ± SE.
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	 All sandy Entisols covered with perennial and annual crops had urease activity, but with different values (Figure 
3D). This difference was greater than the urease activity values in soils in China (Xiu-Mei et al., 2008). The URE 
is involved in the N cycle; it is sensitive to fertilization and can be inhibited in the presence of high N contents. The 
urease concentration varies with land use, as shown in soils in China (Wang et al., 2012). 
	 Overall, soils with perennial crops showed higher ARY, P ac, and P alk values when compared to annual crops 
(Figures 3E and 3F) because perennial crops have less soil disturbance. In the present study, we observed low 
arylsulfatase activity in the Entisol covered with annual and perennial crops (Figure 3E). Raiesi and Beheshti (2014) 
evaluated the arylsulfatase activity of forest and paddy rice soils and observed higher values than the activity observed 
in our study; this was probably because the activity of this enzyme is influenced by soil properties and management 
system (Acosta-Martínez et al., 2008), which is consistent with perennial and annual areas in the present study.
	 When individual enzymes are analyzed, enzyme activity can result in errors due to interactions with other soil 
factors. To resolve this, several studies have recommended using specific enzyme activity per unit of SOC and MBC 
(Raiesi and Beheshti, 2014; Medeiros et al., 2017) because the specific enzymatic activity per unit of SOC expresses 
the nutritional status of organic matter from the perspective of the microorganism (Wang et al., 2012).
	 The specific FDA per unit of SOC was generally higher in perennial crops (Table 2) when compared to annual 
crops because soils disturbed by human activities have enzymatic activity per unit of SOC higher than forest soils 
(Trasar-Cepeda et al., 2008); this is probably due to decreases in the most labile and less stabilized organic matter. 
This result was also observed by Medeiros et al. (2015), who evaluated the specific enzymes per unit of SOC in 
sandy soil with monoculture and intercropping and observed that some specific activity was higher in soils with 
crops than in the forest. Raiesi and Beheshti (2014) evaluated the activity of urease, alkaline phosphatase, acid 
phosphatase, and invertase arylsulfatase per unit of SOC in rice paddy soils and forest in northwest Iran, and they 
observed that the highest specific activity was found in croplands.

Table 2. Specific enzyme activity per unit of soil organic carbon (SOC) and microbial biomass carbon 
(MBC) in Entisols covered with forests and annual and perennial crops in Brazilian tropical dry areas. 

FOR	 1.26b	 6.10a	 2.35c	 1.01c	 1.08c	 6.70c	 7.63c
TOM	 2.36a	 13.93a	 5.60b	 3.27b	 1.61b	 4.82c	 88.38a
PASTURE	 0.74b	 11.59a	 2.85c	 8.84a	 1.16b	 19.69b	 53.47b
COT	 0.04c	 0.18b	 1.71c	 0.47c	 1.33b	 0.45c	 41.31b
PASSION	 2.09a	 0.46b	 13.46a	 3.92b	 2.54a	 45.52a	 95.66a
CASHEW	 0.97b	 10.38a	 2.15c	 0.64c	 0.92c	 36.82a	 20.72c
BEANS	 0.43c	 3.80b	 3.40c	 1.07c	 0.71c	 17.17b	 9.93c
CABBAGE	 1.17b	 2.56b	 1.85c	 3.57b	 1.34b	 8.31c	 13.94c
PIG PEA	 0.69b	 0.72b	 1.46c	 1.13c	 0.63c	 16.35b	 4.03c
FEN	 0.89b	 9.53a	 2.67c	 1.78c	 0.93c	 18.47b	 12.19c

FOR	 0.19a	 0.93a	 0.36b	 0.15b	 0.15b	 1.02b	 1.16d
TOM	 0.12b	 0.72b	 0.29c	 0.17b	 0.08b	 0.25c	 4.56b
PASTURE	 0.06b	 0.92b	 0.23c	 0.70a	 0.09b	 1.57b	 4.26c
COT	 0.01b	 0.04c	 0.34b	 0.09c	 0.26a	 0.09c	 8.15a
PASSION	 0.10b	 0.02c	 0.64a	 0.19b	 0.12b	 2.17a	 4.55c
CASHEW	 0.08b	 0.83b	 0.17c	 0.05d	 0.07b	 2.95a	 1.66d
BEANS	 0.03b	 0.24c	 0.22c	 0.07d	 0.04b	 1.10b	 0.64d
CABBAGE	 0.06b	 0.12c	 0.09c	 0.17b	 0.06b	 0.39c	 0.66d
PIG PEA	 0.06b	 0.06c	 0.13c	 0.10c	 0.05b	 1.41b	 0.35d
FEN	 0.08b	 0.84b	 0.24c	 0.16b	 0.08b	 1.63b	 1.07d

FOR: Forest; TOM: Solanum lycopersicum; PASTURE: Digitaria eriantha; COT: 
Gossypium hirsutum; PASSION: Passiflora edulis; CASHEW: Anacardium occidentale; 
BEAN: Phaseolus vulgaris; CABBAGE: Brassica oleracea; PIGPEA: Cajanus cajan; 
FEN: Pimpinella anisum; FDA: fluorescein diacetate hydrolysis; Dehy: dehydrogenase; 
Beta: β-glucosidase; Ure: urease; Ary: arylsulfatase; P alk: alkaline phosphatase; P ac: acid 
phosphatase. 
The same letters indicates nonsignificant differences according to Scott-Knott at P < 0.05. 
Enzyme values are expressed as mean ± SE.

FDA Beta Ary P acDehy Ure P alk

Specific enzyme activity per unit of SOC

Dehy Ure P alkFDA Beta Ary P ac

Specific enzyme activity per Unit of MBC
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	 Soils with the perennial PASSION crop had a specific activity per unit of SOC that was usually greater, with the 
exception of Dehy and URE (Table 2), demonstrating an ecological imbalance. The PASSION crops were in stony 
soils and had less organic matter compared to the forest. This high specific enzymatic activity per unit of SOC is an 
ecological mechanism to retain metabolic activity that is at risk due to the loss of organic matter.
	 Sandy Entisols from tropical dry forests had higher FDA and Dehyd specific enzyme activity per unit of 
MBC compared to soils cultivated with annual and perennial crops, which indicated that forest soils contained 
microorganisms that are metabolically more active (Lagomarsino et al., 2011). Specific activity per unit of MBC 
shows that enzymatic activity was produced by microorganisms because enzyme activity could be produced by 
animals, plants, and microorganisms (Acosta-Martínez et al., 2014). This specific activity is an important indicator 
that provides ecological information (Lagomarsino et al., 2011) and has been used in recent studies. Specific activity 
per unit of SOC or MBC clearly indicated changes in  soil absolute enzymatic activity (Raiesi and Beheshti, 2014; 
Medeiros et al., 2015).
	 Multivariate PCA was used to select the variables that were mainly responsible for detecting differences in 
soil quality of forests and annual and perennial crops according to the description  by Pandey et al. (2014). This 
method was previously used in studies of microbial (Acosta-Martínez et al., 2010; Notaro et al., 2014), physical 
(Mota et al., 2014), and biochemical (Medeiros et al., 2015) parameters and soil organic C contents in forests. 
Based on the relationships between the evaluated attributes, two-dimensional diagrams were constructed to visually 
evaluate vectors. The first two factors showed a cumulative percentage of 79.01% (Figure 4A). According to the 
vector projection diagram, principal component 1, with the most influential factors, was responsible for 59.79% of 
the total variation with Beta = ARY > P ac/SOC > Beta/SOC > P ac > FDA/SOC > Beta/MBC. Principal component 
2 accounted for 19.22% of the total variation with P ac/MBC > Ary (Figure 4A). This result demonstrated the 
importance of specific enzyme activity per unit of SOC and MBC related to absolute activity because it was more 
sensitive to detect differences in all treatments than absolute enzyme activity in PCA analysis. Specific enzyme 
activity per unit of SOC and MBC was also used by Pandey et al. (2014) to evaluate the differences between 
conventional tillage and no-tillage systems in rice cultivation. Medeiros et al. (2015) demonstrated the importance 
of these variables to detect changes in soils that were cultivated with intercropping and monoculture in sandy soils 
from tropical dry areas.

Figure 4. A) Diagram of vector projection and B) dispersion of biochemical indicators of Entisols covered 
with forests and annual and perennial crops in Brazilian tropical dry areas.

FOR: Forest; TOM: Solanum lycopersicum; PASTURE: Digitaria eriantha; COT: Gossypium hirsutum; 
PASSION: Passiflora edulis; CASHEW: Anacardium occidentale; BEAN: Phaseolus vulgaris; CABBAGE: 
Brassica oleracea; PIGPEA: Cajanus cajan; FEN: Pimpinella anisum; Beta: β-glucosidase; Ary: arylsulfatase; 
FDA/SOC: fluorescein diacetate hydrolysis/soil organic C; Beta/SOC: β-glucosidase/soil organic C; Ary/SOC: 
arylsulfatase/soil organic C; P ac/SOC: acid phosphatase/soil organic C; Beta/MBC: β-glucosidase/microbial 
biomass C; P ac/MBC: acid phosphatase/microbial biomass C.
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	 Valarini et al. (2007) observed that organic tomato cultivation provided the highest soil microbial diversity, which 
resulted in greater nutrient availability and improved soil structure and fertility compared to conventional farming 
systems. This finding corresponds to data obtained in the present study, which showed that less intensive cultivation 
systems had a lower impact resulting from biochemical soil attribute management. According to the same author, 
PCA allows determining the changes that occur in the soil as a function of more reliable management.
	 The multivariate PCA was important because the Entisols covered with annual crops were grouped in the same 
quadrant (Figure 4B). These soils are far from FOR soils, which indicate an ecological imbalance in the soils 
receiving more intensive management practices (such as annual crops). This result corresponds to findings by 
Medeiros et al. (2015), who showed that soils with less intensive management and intercropping showed a balance 
that was similar to that of the forest soils. 
	 Using these indicators proved that the conversion of forest into pasture could not cause any drastic changes in the 
quality of Entisols depending on how the area is managed because these two soils are very close in the dispersion 
diagram (Figure 3B). Thus, the selected variables can be used as indicators of Entisol quality when Entisols are 
cultivated with perennial and annual crops in tropical dry areas.

CONCLUSIONS

We demonstrated that the enzymatic activity (C, N, S, and P cycle), microbial biomass, soil organic carbon (SOC), 
and the chemical attributes of Entisols from tropical dry areas are affected differently when covered with perennial 
or annual crops. The multivariate PCA analysis grouped the Entisols with annual crops as being distant from forest 
soils. This study demonstrated that absolute β-glucosidase, arylsulfatase, and alkaline phosphatase activity, and 
the specific fluorescein diacetate hydrolysis/SOC, β-glucosidase/SOC, arylsulfatase/SOC, acid phosphatase/SOC, 
β-glucosidase/MBC, and acid phosphatase/MBC indicators are sensitive for detecting changes in Entisol quality; it 
is possible to detect pasture soil quality similar to that of forest soil quality when pastures are managed appropriately 
in tropical dry areas.
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