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Abstract 
 

Agroforestry systems (AFS) are considered alternative land use options to help prevent soil degradation and improve 

soil microbial biomass and organic C status. However, it is unclear how different densities of babassu palm [Attalea 

speciosa (syn. Orbignya phalerata)], which is an important tree in Northeast Brazil, affect the soil microbial biomass. 

We investigated the soil microbial biomass C and activity under AFS with different densities of babassu palm associ-

ated with Brachiaria brizantha grass. Soil microbial biomass C (MBC), soil microbial biomass N (MBN), MBC:total 

organic C ratio, fluorescein diacetate hydrolysis and dehydrogenase activity showed highest values in plots with high 

density of babassu palm. On the other hand, the respiratory quotient (qCO2) was significantly greater in plots without 

babassu palm. Brachiaria brizantha in monoculture may promote C losses from the soil, but AFS with high density of 

babassu palm may increase the potential of soils to accumulate C. 
 

Resumen  
 

Los sistemas agroforestales (AFS, por sus siglas en inglés) son opciones alternativas de uso de la tierra que ayudan a 

prevenir la degradación del suelo y mejorar la biomasa microbiana y el estado del carbono (C) orgánico. Babasú 

[Attalea speciosa (syn. Orbignya phalerata)] es una importante palma nativa que forma bosques en los estados  

Maranhão y Piauí, nordeste de Brasil; no obstante no se conoce su efecto sobre la biomasa microbiana del suelo cuan-

do crece en diferentes densidades. En el estudio se evaluaron los efectos sobre el C y la actividad de la biomasa micro-

biana del suelo en AFS con 3 densidades de babasú en pasturas de Brachiaria brizantha. El C y el nitrógeno de la 

biomasa microbiana (MBC resp. MBN) del suelo, la relación de MBC:C orgánico total del suelo, la hidrólisis de di-

acetato de fluoresceína y la actividad de la deshidrogenasa mostraron valores más altos en las parcelas con alta densi-

dad de babasú. Por otra parte, el cociente respiratorio (qCO2) fue significativamente mayor en las parcelas sin babasú. 

El pasto B. brizantha en monocultivo puede promover la pérdida de C del suelo, pero los AFS con alta densidad de la 

palma pueden aumentar el potencial de los suelos para acumular C. 
 

 

Introduction 

 

The babassu palm [Attalea speciosa Mart. ex Spreng. 

(syn. Orbignya phalerata Mart.)] occurs widely in Bra-

zil, Colombia, Bolivia and Mexico and its fruits are a 

source of lauric oil, having both edible and industrial 

uses. Over 80% of babassu palms found in Brazil are 
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from the northeast of Maranhão and Piauí states, known 

as Mid-North region, and produce about 200,000 tonnes 

of fruit annually. Babassu palm forests and primary for-

ests are being removed and converted to improved pas-

tures and mechanized crop production (May et al. 1985), 

which has contributed to land degradation in this region 

(Dias-Filho 2005). On the other hand, although babassu 

palms are seldom planted, they may be managed within 

a regional agroforestry system (AFS), as it is a good 

strategy to plant pasture in association with babassu 

palm (Nair 1993). 

AFS is an alternative land use system to help prevent 

land degradation, by allowing continued use of land to 
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produce crops or pastures in association with trees on a 

sustainable basis (Araújo et al. 2012). Such systems 

involve the combination of at least one woody-perennial 

species with a crop or pasture, which results in ecologi-

cal and economic interactions between the two compo-

nents (Palma et al. 2007). The AFS provides a continu-

ous input of organic material into the soil, especially as 

the deep roots of the forest component (Albrecht and 

Kandji 2003) increase soil organic matter (SOM) stocks 

(Manlay et al. 2007; Fontes et al. 2010), and improve the 

soil microbial biomass (Udawatta et al. 2008; Yadav et 

al. 2010). Several authors have reported that soil micro-

bial biomass is greater in an AFS, owing to the effects of 

trees and organic matter input and differences in the 

quality and quantity of litter and root exudates (Gómez 

et al. 2000; Myers et al. 2001; Mungai et al. 2005; 

Sørensen and Sessitsch 2007).  

The main AFS involving babassu is pastures planted 

under native palm stands, with common palm densities 

of 50–100 trees/ha. Although this system covers much of 

the region, it is unclear how plant density of babassu 

palm affects soil microbial biomass. We hypothesized 

that soil microbial biomass is affected by the density of 

trees in AFS, owing to different inputs of plant litter. In 

order to test these hypotheses, we determined soil mi-

crobial biomass, by measuring soil microbial biomass C 

as the most reliable indicator, under AFS palm-pasture 

with different densities of babassu palm associated with 

a Brachiaria brizantha pasture in Northeast Brazil.  

 

Materials and Methods 

 

The study was conducted at the farm “Água Viva”, Ma-

ranhão state, Northeast Brazil (05°06’25” W, 02°59’35” 

S). The climate is seasonally dry tropical with a mean 

precipitation of 1,500 mm/yr (main rainfall from No-

vember to May) and an annual mean temperature of  

30 °C, with minimum and maximum monthly tempera-

tures of 22 °C and 40 °C, respectively. According to the 

Brazilian Soil Survey (Embrapa-SNLCS 1986), the 

dominant soils are classified as Plintossols.  

We evaluated 1 ha plots of babassu palm-Brachiaria 

brizantha associations with different palm densities. We 

labeled palm densities as: low density (LD – 80 babassu 

palms/ha); medium density (MD – 130 babassu palms/ 

ha); high density (HD – 160 babassu palms/ha); and MC 

(B. brizantha in monoculture). The plots were similar in 

soil type and climate (see above). All plots received 300 

kg urea/ha annually. The inputs of dry litter were: MC – 

1.9 t/ha; LD – 4.5 t/ha; MD – 9.5 t/ha; and HD – 15 t/ha. 

The plant litter (dry mass) was calculated after the col-

lection of all litter found in 1 m
2
 quadrats installed at 

each plot (one quadrat for each plot installed at the plot 

center). The litter was dried at 65 
o
C until a constant 

weight was reached. Litter contribution per hectare was 

then calculated.    

Soil samples were collected at 0–20 cm depth in 

March (rainy season) and September (dry season) of 

2013. In each plot, the plant cover was carefully re-

moved from the soil surface and soil cores (2.5 cm  

diameter) were taken at random. In each plot, 5 soil 

cores were collected from each of 4 sub-plots and pooled 

to form a composite sample. All samples were immedi-

ately stored in sealed plastic bags in a cooler and trans-

ported to the laboratory. The field-moist samples were 

sieved (2-mm mesh) and stored in sealed plastic bags at 

4 °C for microbial analyses. 

Subsamples of the soils were ground and passed 

through a 0.2-mm sieve to evaluate chemical properties. 

Soil pH was determined in a 1:2.5 soil:water extract. 

Exchangeable Ca was determined using extraction with 

1 M KCl. Available P and exchangeable K were extract-

ed using the Mehlich-I extraction method and deter-

mined by colorimetry and photometry, respectively 

(Tedesco et al. 1995). Total organic C (TOC) was deter-

mined by the wet combustion method using a mixture of 

potassium dichromate and sulfuric acid under heating 

(Yeomans and Bremner 1998). 

Soil microbial biomass C (MBC) and N (MBN) were 

determined according to Vance et al. (1987) with extrac-

tion, by K2SO4, of C and N from CHCl3-fumigated and 

unfumigated soils. Extraction efficiency coefficients of 

0.38 and 0.45 were used to convert the differences in C 

and N between fumigated and unfumigated soils in MBC 

and MBN, respectively. Hydrolysis of fluorescein diace-

tate (FDA) was determined according to the method of 

Schnürer and Rosswall (1982) and dehydrogenase activi-

ty (DHA) was determined using the method described in 

Casida et al. (1964), based on the spectrophotometric 

determination of triphenyl tetrazolium formazan (TTF) 

released by 5 g of soil during 24 h at 35 °C. The respira-

tory quotient (qCO2) was calculated as the ratio of basal 

respiration to microbial biomass C, expressed as g CO2-

C/d/g MBC. Moreover, we calculated the ratio between 

MBC and TOC (qMIC), which is a common measure for 

carbon availability (e.g. Santos et al. 2012).  

The results are expressed on the basis of oven-dry 

soil. Least significant difference (LSD) analysis was 

performed and all differences reported in the text  

were considered significant at P<0.05. Data were ana-

lyzed using multivariate ordination non-metric multidi-

mensional scaling (NMS) with Sorensen distances.  

Ordination was performed using the PC-ORD v. 6.0 

program. 
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Results 

 

Soil chemical properties were not significantly affected 

by palm density (Table 1), as soil pH and Ca and K con-

centrations were similar in all AFS systems. However, 

soil P concentration showed highest values in the HD 

system.  

Total organic carbon (TOC) concentrations were 

higher (P<0.05) in HD and MD than in LD and MC  

in both seasons, while soil microbial biomass C (MBC) 

and N (MBN) showed highest values in HD and low- 

est under the straight grass pasture (MC) (P<0.05) (Ta-

ble 2).  

Soil respiration did not differ (P>0.05) among treat-

ments in both seasons (Table 3), while the respiratory 

quotient (qCO2) was significantly (P<0.05) greater in 

MC than in treatments with babassu palms. Similar to 

soil microbial biomass, the qMIC was highest in HD and 

lowest in MC plots (P<0.05), as were values for FDA 

hydrolysis and DHA activity.  
 

 

 

 

Table 1.  Soil pH and Ca, P and K concentrations in agroforestry systems with different densities of babassu palm in Brachiaria 

brizantha pasture. 

Treatment  Soil pH  Ca (cmolc/kg)  P (mg/kg)  K (mg/kg) 

  Rainy Dry  Rainy Dry  Rainy Dry  Rainy Dry 

HD
1  

  6.3a
2 

6.2a  3.8a 3.6a  12.3a 12.1a  80a 75a 

MD  6.0a 6.5a  3.2a 3.8a  10.3b 10.4b  91a 86a 

LD  6.3a 6.1a  3.7a 3.2a  9.5b 10.4b  79a 78a 

MC  5.8a 6.1a  3.9a 3.5a  9.8b 10.3b  78a 89a 

1
Babassu palm density: HD – 160 trees/ha; MD – 130 trees/ha; LD – 80 trees/ha; MC – grass monoculture (no trees).  

2
Means within columns followed by the same letter are not significantly different at P≤0.05 (Tukey´s HSD test). 

 

 
Table 2.  Total organic C (TOC), microbial biomass C (MBC) and microbial biomass N (MBN) (± SD) in agroforestry systems 

with different densities of babassu palm in Brachiaria brizantha pasture. 

Treatment TOC 

(g C/kg) 

 MBC  

(mg C/kg) 

 MBN 

(mg N/kg) 

 Rainy Dry  Rainy Dry  Rainy Dry 

HD
1
  8.9 + 1.0a

2 
9.0 + 1.1a  107 + 13a 83 + 15a  16.5 + 4.3a 11.0 + 1.3a 

MD  9.6 + 1.7a 9.3 + 0.9a  81 + 10b 52 + 12b  10.9 + 2.5b 8.7 + 2.5b 

LD
  

7.1 + 0.9b
 

6.9 + 0.8b  61 + 9c 47 + 10b  7.2 + 1.3c 4.2 + 0.8c 

MC  5.4 + 1.8b 5.1 + 0.7c  32 + 17d 18 + 3c  3.2 + 0.9d 1.9 + 0.4d 

1
Babassu palm density: HD – 160 trees/ha; MD – 130 trees/ha; LD – 80 trees/ha; MC – grass monoculture (no trees).  

2
Means within columns followed by the same letter are not significantly different at P≤0.05 (Tukey´s HSD test). 

 

 
Table 3.  Mean values (± SD) for soil respiration (RB), respiratory quotient (qCO2), ratio between soil microbial biomass C 

(MBC) and total organic carbon content (TOC) (qMIC), hydrolysis of fluorescein diacetate (FDA) and dehydrogenase activity 

(DHA) in agroforestry systems with different densities of babassu palm in Brachiaria brizantha pasture. 

Treatment  RB  

(mg C-CO2/kg/d) 

 qCO2 

(g CO2-C/d/g MBC) 

 qMIC 

(MBC:TOC) 

 FDA 

(µg FDA/g) 

 DHA 

(µg TTF/g) 

 

   Rainy Dry    Rainy Dry  Rainy Dry  Rainy Dry  Rainy  Dry  

HD
1 

 58 + 22a 49 + 17a  0.5 + 0.1a  0.5 + 0.1a  1.2 + 0.2a  1.1 + 0.3a  24 + 5a 15.4 + 1.9a  3.0 + 0.1a 1.6 + 0.4a 

MD  55 + 13a 42 + 15a  0.6 + 0.2a  0.7 + 0.2a  0.8 + 0.2b  0.8 + 0.2a  22 + 6a 11.2 + 2.1b  2.1 + 0.4b 1.0 + 0.3b 

LD
  

36 + 21a 38 + 14a  0.7 + 0.2a  0.8 + 0.4a  0.9 + 0.3b  0.8 + 0.1a  14 + 3b   7.6 + 0.9c  1.7 + 0.3b 0.7 + 0.3b 

MC  54 + 16a 45 + 19a  1.7 + 0.3b  2.6 + 0.8b  0.6 + 0.2b  0.5 + 0.1b  10 + 2c   3.7 + 0.5d  0.7 + 0.5c 0.4 + 0.2c 

1
Babassu palm density: HD – 160 trees/ha; MD – 130 trees/ha; LD – 80 trees/ha; MC – grass monoculture (no trees).  

2
Means within columns followed by the same letter are not significantly different at P≤0.05 by Tukey´s test. 
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The non-metric multidimensional scaling (NMS) 

analysis identified the association of soil biological and 

chemical properties with evaluated plots (Figures 1 and 

2). The MC plot was clearly separated from the other 

plots, whereas LD and MD were more similar. In both 

seasons, the first axis explained about 70% of the varia-

tion and was strongly correlated with qCO2 values, 

which characterized the MC plot, and with soil microbial 

biomass and enzymes, which characterized the HD plot. 

In the MC plot, qCO2 was higher, while the HD site was 

characterized by higher soil microbial biomass and en-

zyme activity. 

 

Discussion 

 

Treatments in this study were unreplicated but the large 

plot sizes and large numbers of soil samples taken  

in each plot should compensate for the lack of spatial 

replication. The results suggest that the density of  

babassu palm in AFS affects soil microbial biomass C 

and organic C. This may be associated with the increase 

of plant litter, which improves soil organic C status  

(Assis et al. 2010; Fracetto et al. 2010; Sousa et al. 2012; 

Albaladejo et al. 2013). The plots with babassu palm 

present high and constant litter deposition, compared 

with the grass in monoculture, contributing to the 

maintenance of soil moisture and lower soil surface tem-

peratures and increasing the soil organic C (Stockmann 

et al. 2013). The increase in soil organic C is important 

for Northeast Brazil, owing to the low levels of organic 

matter in soils in this area. High organic C is important 

for sustainability, because organic matter has a positive 

influence on soil physical, chemical and biological prop-

erties. 

As N fertilizer was the only chemical fertilizer ap-

plied, the values of soil pH, Ca and K content did not 

vary. On the other hand, available soil P content in-

creased in the HD system, possibly due to the highest 

input of plant litter, which may supply P during decom-

position of the organic residue.  
 

 

 

 
 

Figure 1.  NMS analysis based on biological and chemical properties of soil during the dry season. Soil microbial biomass C 

(MBC, mg/kg); soil microbial biomass N (MBN, mg/kg); microbial respiratory quotient (qCO2, g CO2-C/d/g soil microbial bio-

mass C); hydrolysis of fluorescein diacetate (FDA, µg/g); dehydrogenase (DHA, µg TTF/g); and MBC:TOC (qMIC, mg/kg).  

HD (  ); MD (  ); LD (  ); MC (  ).  
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Figure 2.  NMS based on biological and chemical properties of soil during the wet season. Soil microbial biomass C (MBC, 

mg/kg); soil microbial biomass N (MBN, mg/kg); microbial respiratory quotient (qCO2, g CO2-C/d/g soil microbial biomass C); 

hydrolysis of fluorescein diacetate (FDA, µg/g); dehydrogenase (DHA, µg TTF/g); and MBC:TOC (qMIC, mg/kg).     

HD (  ); MD (  ); LD (  ); MC (  ).  

 

 

Soil microbial biomass C was strongly affected by the 

increase in density of babassu palm, presumably by 

higher inputs of plant litter, that supply microbial bio-

mass with C sources (Lopes et al. 2010). The average 

annual litter added in HD was much higher (15 t/ha) than 

in the others plots (range 1.9–9.5 t/ha) and favored the 

accumulation of soil microbial biomass. In addition, the 

quantity and quality of the rhizosphere of the plants in-

fluence soil microbial biomass (Grayston et al. 1996). 

Therefore, higher numbers of babassu palm may favor 

accumulation of soil microbial biomass through root 

exudation and promoting better conditions for soil mi-

crobial biomass. Other studies using different crops, that 

varied in amount and quality of residue inputs, showed 

effects on soil microbial biomass in tropical soils (Lopes 

et al. 2010; Araújo et al. 2013; Azar et al. 2013). 

Soil respiration indicates biological activity and de-

composition of organic residues (Santos et al. 2012). Our 

results showed similar soil respiration in all evaluated 

plots. Soil respiration might indicate either a disturbance 

of the soil or a high level of productivity in the ecosys-

tem (Islan and Weil 2000). The respiration rate per unit 

of microbial biomass or respiratory quotient (qCO2) is  

a variable of more straightforward interpretation  

(Fernandes et al. 2005). The qCO2 reflects the efficiency 

of heterotrophic microorganisms to convert organic C 

into microbial biomass (Anderson and Domsch 1990). 

MC showed the lowest microbial biomass proportion 

(qMIC) with more efficient soil microbial communities 

in terms of C use than other plots.  

The qMIC has been used as an indicator of changes in 

organic matter status and usually the values should range 

between 1 and 4% (Sparling 1992). The values of qMIC 

in the HD plot are within this range. These higher values 

may be due to the higher annual litter supply and the 

related higher soil microbial biomass C content observed 

in the HD plot, suggesting a large proportion of SOM 

being occupied by microbial biomass.  

Dick et al. (1996) found that the use of different man-

agement practices, which modify SOM content, may 

significantly affect enzymatic activity. In our study,  

the increases in soil DHA and FDA, which are directly 

involved in the transformation of SOM, were greatest in 

the HD plot and lowest on the MC plot, being directly 

related to amounts of plant litter deposited on the soil. 

Previous studies reported that inputs of organic mate-
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rials, like plant litter, stimulate soil DHA and FDA (Elf-

strand et al. 2007; Lopes et al. 2010). 

Soil microbial properties differed between seasons, 

and this pattern is in agreement with Silva et al. (2012) 

for tropical soils. Such effects of season may be mainly 

due to variations in soil humidity and temperature 

(Araújo et al. 2013). Also, it may suggest that soil  

microbial community structure is likely to differ  

between seasons and to respond differently to dry and 

wet conditions as reported by Araújo et al. (2013; 2014) 

for tropical soils from Northeast Brazil. 

NMS analyses of the biological and chemical proper-

ties showed distinct patterns according to the different 

plots and suggest a strong relationship between the bio-

logical properties and conditions occurring in the plots. 

The MC plot was clustered in the NMS and character-

ized by a high respiratory quotient, i.e. an indicator of 

stress, and by low soil microbial biomass. This indicates 

that soil microorganisms are severely limited by low 

resource availability (Nunes et al. 2012; Araújo et al. 

2013). On the other hand, the HD plot showed high soil 

microbial biomass and activity, suggesting higher avail-

ability of organic residues driven by high inputs of plant 

litter. 

 

Conclusion 
 

The results highlight that AFS has strong effects on soil 

organic and microbial properties. While pastures under 

grass monoculture may promote C losses from the soil 

compared with standing forest, adding babassu palms to 

create an AFS, especially with high density of babassu 

palms, may increase the potential of soils to accumulate 

C. Our results support the hypothesis that high palm 

density in pastures provides better conditions for bal-

anced microbial diversity, reflected by higher levels of 

soil microbial biomass C and enzyme activity compared 

with grass in monoculture. Therefore, the increase in the 

density of babassu palm in AFS may be an important 

strategy to improve the function of soils considerably. 

As soil microbial biomass plays an important role in 

nutrient cycling, pasture growth should increase through 

higher nutrient uptake and, consequently, livestock pro-

duction per hectare could be favored. However, shading 

effects on pasture growth need to be considered. Further 

research is needed to clarify these issues. 

 

Acknowledgments 

 

The authors acknowledge FAPEMA (Fundação de 

Amparo à Pesquisa e ao Desenvolvimento Científico e 

Tecnológico do Maranhão) for financial support and 

FOPAMA (Grupo de Estudos, Pesquisa e Extensão) for 

help in conducting the study. Ademir S.F. Araújo is sup-

ported by a fellowship grant from CNPq-Brazil. 

 

References 
 

Albaladejo J; Ortiz R; Garcia-Franco N; Navarro AR; 

Almagro M; Pintado JG; Martínez-Mena M. 2013. Land 

use and climate change impacts on soil organic carbon 

stocks in semi-arid Spain. Journal of Soil and Sediments 

13:265–277. DOI: 10.1007/s11368-012-0617-7  

Albrecht A; Kandji ST. 2003. Carbon sequestration in tropical 

agroforestry systems. Agriculture, Ecosystems & Envi-

ronment 99:15–27. DOI: 10.1016/s0167-8809(03) 

00138-5  

Anderson JM; Domsch KH. 1990. Application of ecophysio-

logical quotients (qCO2 and qD) on microbial biomass 

from soils of different cropping histories. Soil Biology & 

Biochemistry 22:251–255. DOI: 10.1016/0038-0717(90) 

90094-g  

Araújo ASF; Leite LFC; Iwata BF; Lyra Jr MA; Xavier GR; 

Figueiredo MVB. 2012. Microbiological process in agro-

forestry system: A review. Agronomy for Sustainable  

Development 32:215–226. DOI: 10.1007/s13593-011-

0026-0  

Araújo ASF; Cesarz S; Leite LFC; Borges CD; Tsai SM;  

Eisenhauer N. 2013. Soil microbial properties and tem-

poral stability in degraded and restored lands of Northeast 

Brazil. Soil Biology & Biochemistry 66:175–181. DOI: 

10.1016/j.soilbio.2013.07.013  

Araújo ASF; Tsai SM; Borges CD; Cesarz S; Eisenhauer N. 

2014. Soil bacterial diversity in degraded and restored 

lands of Northeast Brazil. Antonie Van Leeuwenhoek 

106:891−899. DOI: 10.1007/s10482-014-0258-5 

Assis CP; Oliveira TS; Dantas JAN; Mendonça ES. 2010. 

Organic matter and phosphorus fractions in irrigated 

agroecosystems in a semi-arid region of Northeastern 

Brazil. Agriculture, Ecosystems & Environment 138:74–

82. DOI: 10.1016/j.agee.2010.04.002  

Azar GS; Araújo ASF; Oliveira ME; Azevêdo DMMR. 2013. 

Biomassa e atividade microbiana do solo sob pastagem 

em sistemas de monocultura e silvipastoril. Semina: 

Ciências Agrárias 34:2727–2736. DOI: 10.5433/1679-

0359.2013v34n6p2727  

Casida LE; Klein DA; Santoro T. 1964. Soil dehydrogenase 

activity. Soil Science 98:371–376. DOI: 10.1097/ 

00010694-196412000-00004  

Dias-Filho MB. 2005. Degradação de pastagens: Processos, 

causas e estratégias de recuperação. 2nd Edn. Empresa 

Brasileira de Pesquisa Agropecuária (Embrapa) Ama-

zônia Oriental, Belém, PA, Brazil.   

Dick RP; Breakwell DP; Turco RF. 1996. Soil enzyme activi-

ties and biodiversity measurements as integrative micro-

biological indicators. In: Doran JW; Jones AJ, eds. Meth-

ods of assessing soil quality. Special Publication 49. Soil 

Science Society of America, Madison, WI, USA. p. 247–

271. DOI: 10.2136/sssaspecpub49.c15  

http://www.tropicalgrasslands.info/
http://dx.doi.org/10.1007/s11368-012-0617-7
http://dx.doi.org/10.1016/s0167-8809(03)00138-5
http://dx.doi.org/10.1016/s0167-8809(03)00138-5
http://dx.doi.org/10.1016/0038-0717(90)90094-g
http://dx.doi.org/10.1016/0038-0717(90)90094-g
http://dx.doi.org/10.1007/s13593-011-0026-0
http://dx.doi.org/10.1007/s13593-011-0026-0
http://dx.doi.org/10.1016/j.soilbio.2013.07.013
file:///D:/MY%20DOCUMENTS/AAA-TGFT/AA-Normal_Issue%203/5-Rodrigues%20et%20al/204-451-1-SM%20Rodrigeus%20FF-RSKDPJan20-RSKJan21.docx
http://dx.doi.org/10.1016/j.agee.2010.04.002
http://dx.doi.org/10.5433/1679-0359.2013v34n6p2727
http://dx.doi.org/10.5433/1679-0359.2013v34n6p2727
http://dx.doi.org/10.1097/00010694-196412000-00004
http://dx.doi.org/10.1097/00010694-196412000-00004
http://dx.doi.org/10.2136/sssaspecpub49.c15


Soil microbial biomass in a babassu-pasture system         47 

www.tropicalgrasslands.info 

Elfstrand S; Båth B; Mårtensson A. 2007. Influence of various 

forms of green manure amendment on soil microbial 

community composition, enzyme activity and nutrient 

levels in leek. Applied Soil Ecology 36:70–82. DOI: 

10.1016/j.apsoil.2006.11.001 

Embrapa-SNLCS. 1986. Levantamento exploratório − re-

conhecimento de solos do Estado do Piauí. Boletim de 

Pesquisa, 36, Empresa Brasileira de Pesquisa Agro-

pecuária − Serviço Nacional de Levantamento e Con-

servação de Solos (EMBRAPA-SNLCS). SUDENE-DRN 

Série Recursos de Solos, 18. Rio de Janeiro, Brazil. 

Fernandes AP; Bettiol W; Cerri CC. 2005. Effect of sewage 

sludge on microbial biomass, basal respiration, metabolic 

quotient and soil enzymatic activity. Applied Soil Ecolo-

gy 30:65–77. DOI: 10.1016/j.apsoil.2004.03.008  

Fontes SJ; Barrios E; Six J. 2010. Earthworms, soil fertility 

and aggregate-associated soil organic matter dynamics in 

the Quesungual agroforestry system. Geoderma 155:320–

328. DOI: 10.1016/j.geoderma.2009.12.016  

Fracetto FJC; Fracetto GGM; Cerri CC; Feigl BJ; Neto MS. 

2012. Estoques de carbono e nitrogênio no solo cultivado 

com mamona na Caatinga. Revista Brasileira de Ciência 

do Solo 36:1545–1552. DOI: 10.1590/s0100-06832012 

000500019  

Gómez E; Bisaro V; Conti M. 2000. Potential C-source utili-

zation patterns of bacterial communities as influenced by 

clearing and land use in a vertic soil of Argentina. Ap-

plied Soil Ecology 15:273–281. DOI: 10.1016/s0929-

1393(00)00078-0  

Grayston SJ; Vaughan D; Jones D. 1996. Rhizosphere carbon 

flow in trees, in comparison with annual plants: The im-

portance of root exudation and its impact on microbial ac-

tivity and nutrient availability. Applied Soil Ecology 

5:29–56. DOI: 10.1016/s0929-1393(96)00126-6  

Islan KR; Weil RR. 2000. Soil quality indicator properties in 

mid-Atlantic soils as influenced by conservation man-

agement. Journal of Soil Water Conservation 55:69–78. 

Lopes MM; Salviano AAC; Araújo ASF; Nunes LAPL; 

Oliveira ME. 2010. Changes in soil microbial biomass 

and activity in different Brazilian pastures. Spanish Jour-

nal of Agricultural Research 8:1253–1259. DOI: 

10.5424/sjar/2010084-1411  

Manlay R; Feller C; Swift MJ. 2007. Historical evolution of 

soil organic matter concepts and their relationships with 

the fertility and sustainability of cropping systems. Agri-

culture, Ecosystems & Environment 119:217–233. DOI: 

10.1016/j.agee.2006.07.011  

May PH; Anderson AB; Frazão JMF; Balick MJ. 1985. Ba-

bassu palm in the agroforestry systems in Brazil's Mid-

North region. Agroforestry Systems 3:275–295. DOI: 

10.1007/bf00046960  

Mungai NW; Motavalli PP; Kremer RJ; Nelson KA. 2005. 

Spatial variation of soil enzyme activities and microbial 

functional diversity in temperate alley cropping systems. 

Biology & Fertility of Soils 42:129–136. DOI: 10.1007/ 

s00374-005-0005-1  

 

Myers RT; Zak DR; White DC; Peacock A. 2001. Landscape-

level patterns of microbial community composition and 

substrate use in upland forest ecosystems. Soil Science 

Society of America Journal 65:359–367. DOI: 10.2136/ 

sssaj2001.652359x  

Nair PKR. 1993. An introduction to agroforestry. Kluwer 

Academic Publisher, Dordrecht, Netherlands. 

Nunes JS; Araújo ASF; Nunes LAPL; Lima LM; Carneiro 

RFV; Tsai SM; Salviano AAC. 2012. Impact of land deg-

radation on soil microbial biomass and activity in North-

east Brazil. Pedosphere 22:88–95. DOI: 10.1016/ 

s1002-0160(11)60194-x  

Palma JHN; Graves AR; Bunce RGH; Burgess PJ; Filippi R; 

Keesman K; van Keulen H; Liagre F; Mayus M; Moreno 

G; Reisner Y; Herzog F. 2007. Modeling environmental 

benefits of silvoarable agroforestry in Europe. Agricul-

ture, Ecosystems & Environment 119:320–334. DOI: 

10.1016/j.agee.2006.07.021  

Santos VB; Leite LFC; Nunes LAPL; Melo WJ. 2012. Soil 

microbial biomass and organic matter fractions during 

transition from conventional to organic farming systems. 

Geoderma 170:227–231. DOI: 10.1016/j.geoderma.2011. 

11.007  

Silva DKA; Freitas NO; Sousa RG; Silva FSB; Araújo ASF; 

Maia LC. 2012. Soil microbial biomass and activity under 

natural and regenerated forests and conventional sugar-

cane plantations in Brazil. Geoderma 189:257−261.  

DOI: 10.1016/j.geoderma.2012.06.014 

Schnürer J; Rosswall T. 1982. Fluorescein diacetate hydrolysis 

as a measure of total microbial activity in soil and litter. 

Applied & Environmental Microbiology 43:1256–1261. 

Sørensen J; Sessitsch A. 2007. Plant-associated bacterial-

lifestyle and molecular interactions. In: van Elsas JD; 

Jansson JK; Trevors JT, eds. Modern Soil Microbiology. 

CRC Press, New York, USA. p. 221–236. 

Sousa FP; Ferreira TO; Mendonça ES; Romero RE; Oliveira 

JGB. 2012. Carbon and nitrogen in degraded Brazilian 

semi-arid soils undergoing desertification. Agriculture, 

Ecosystems & Environment 148:11–21. DOI: 10.1016/ 

j.agee.2011.11.009  

Sparling GP. 1992. Ratio of microbial biomass carbon to soil 

organic carbon as a sensitive indicator of changes in soil 

organic matter. Australian Journal of Soil Research 

30:195–207. DOI: 10.1071/sr9920195  

Stockmann U; Adams MA; Crawford JW; Field DJ; 

Henakaarchchi N; Jenkins M; Minasny B; McBratney 

AB; Courcelles VR; Singh K; Wheeler I; Abbott L; An-

gers DA; Baldock J; Bird M; Brookes PC; Chenu C; Ja-

strow JD; Lal R; Lehmann MJ; O’Donnell AG; Parton 

WJ; Whitehead D; Zimmermann M. 2013. The knowns 

and unknowns of sequestration of soil organic carbon. 

Agriculture, Ecosystems & Environment 164:80–99. 

DOI: 10.1016/j.agee.2012.10.001  

Tedesco MJ; Gianello C; Bissani CA. 1995. Analises de solos, 

plantas e outros materiais. Universidade Federal de Rio 

Grande do Sul (UFRGS), Porto Alegre, RS, Brazil.  

 

http://www.tropicalgrasslands.info/
http://dx.doi.org/10.1016/j.apsoil.2006.11.001
http://dx.doi.org/10.1016/j.apsoil.2004.03.008
http://dx.doi.org/10.1016/j.geoderma.2009.12.016
http://dx.doi.org/10.1590/s0100-06832012000500019
http://dx.doi.org/10.1590/s0100-06832012000500019
http://dx.doi.org/10.1016/s0929-1393(00)00078-0
http://dx.doi.org/10.1016/s0929-1393(00)00078-0
http://dx.doi.org/10.1016/s0929-1393(96)00126-6
http://dx.doi.org/10.5424/sjar/2010084-1411
http://dx.doi.org/10.1016/j.agee.2006.07.011
http://dx.doi.org/10.1007/bf00046960
http://dx.doi.org/10.1007/s00374-005-0005-1
http://dx.doi.org/10.1007/s00374-005-0005-1
http://dx.doi.org/10.2136/sssaj2001.652359x
http://dx.doi.org/10.2136/sssaj2001.652359x
http://dx.doi.org/10.1016/s1002-0160(11)60194-x
http://dx.doi.org/10.1016/s1002-0160(11)60194-x
http://dx.doi.org/10.1016/j.agee.2006.07.021
http://dx.doi.org/10.1016/j.geoderma.2011.11.007
http://dx.doi.org/10.1016/j.geoderma.2011.11.007
http://dx.doi.org/10.1016/j.geoderma.2012.06.014
http://dx.doi.org/10.1016/j.agee.2011.11.009
http://dx.doi.org/10.1016/j.agee.2011.11.009
http://dx.doi.org/10.1071/sr9920195
http://dx.doi.org/10.1016/j.agee.2012.10.001


48         R.C. Rodrigues et al. 

www.tropicalgrasslands.info 

Udawatta RP; Kremer RJ; Adamson BW; Anderson SH. 2008. 

Variations in soil aggregate stability and enzyme  

activities in a temperate agroforestry practice. Applied 

Soil Ecology 39:153–160. DOI: 10.1016/j.apsoil.2007. 

12.002  

Vance ED; Brookes PC; Jenkinson DS. 1987. An extraction 

method for measuring soil microbial biomass C. Soil  

Biology & Biochemistry 19:703–707. DOI: 10.1016/ 

0038-0717(87)90052-6 

 

Yadav RS; Yadav BL; Chhipa BR; Dhyani SK; Ram M. 2011. 

Soil biological properties under different tree based tradi-

tional agroforestry systems in a semi-arid region of Raja-

sthan, India. Agroforestry Systems 81:195–202. DOI: 

10.1007/s10457-010-9277-z  

Yeomans JC; Bremner JM. 1998. A rapid and precise method 

for routine determination of organic carbon in soil. Com-

munication in Soil Science & Plant Analysis 19:1467–

1476. DOI: 10.1080/00103628809368027  

 

 

 

(Received for publication 27 August 2014; accepted 17 January 2015) 

 
© 2015 

 

 
Tropical Grasslands−Forrajes Tropicales is an open-access journal published by Centro Internacional de Agricultura Tropical (CIAT). This 

work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. To view a copy of this license, visit 

http://creativecommons.org/licenses/by-nc-sa/3.0/ 

 

http://www.tropicalgrasslands.info/
http://dx.doi.org/10.1016/j.apsoil.2007.12.002
http://dx.doi.org/10.1016/j.apsoil.2007.12.002
http://dx.doi.org/10.1016/0038-0717(87)90052-6
http://dx.doi.org/10.1016/0038-0717(87)90052-6
http://dx.doi.org/10.1007/s10457-010-9277-z
http://dx.doi.org/10.1080/00103628809368027
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/

