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HIGHLIGHTS

The conversion of the forest into agricultural lands reduced soil acidity.

Cation exchange capacity was mostly influenced by K+, Ca+2 and Mg+2. 

Soil δ13C was enriched by the conversion of forest to agricultural lands.

Pastures and sugarcane had similar isotopic profile compared to forest soils.

ABSTRACT

This study evaluated soil chemical and isotopic changes in soils of a chronosequence 
rainforest-sugarcane-pasture in the Atlantic Forest biome, Brazil. Soil samples were 
collected (0-20 cm) in areas of native Brazilian Atlantic rainforest, sugarcane plantation 
and pastures of Brachiaria decumbens. The soil analyses performed were: pH (water 
1:2.5), P (Mehlich-I), (Al+3, H+Al, K+, Ca+2, Mg+2 and Na+), soil organic matter (SOM), 
N, organic carbon and δ13C and δ15N stable isotopes. The conversion of rainforest to 
sugarcane and pastures resulted in a reduction of the soil natural acidity. Forest areas 
had greater Al+3 and H+Al concentrations than cultivated areas. The conversion from 
forest to agricultural soil reduced Al+3 (44%) and H+Al (11%), approximately. Soils from 
pasture had a greater percentage of base saturation (37.3%) than forest soils (25.4%). 
Cation exchange capacity was strongly influenced by concentrations of K+, Ca+2 and 
Mg+2, but not by Na+. Carbon stable isotope (δ13C) was more depleted in forest areas 
(-28.14‰), followed by sugarcane (-21.33‰), and pastures (-19.54‰). The greatest 
δ15N values were found in sugarcane areas. The short chronosequence studied, had a 
strong influence of the conversion of the forest on the decrease of the natural acidity and 
modifications of the isotopic profile. The enrichment of soil δ13C was attributed to the 
changes from predominant C3 vegetation to C4 grasses.
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INTRODUCTION 

The conversion of native vegetations into 
agricultural lands is considered one of the main factors 
that can drastically impact changes in the physical-chemical 
and biological characteristics of the soil. Soil alterations 
due to conversion of native vegetation to agricultural 
lands can include modifications in soil carbon stocks, 
changing in nutrient cycles, possibility of nutrient and/or 
heavy metals accumulations, reduction of the natural soil 
acidity, increase of exchangeable bases and bulk density, 
soil compaction, increase of available N and changes in 
soil biodiversity  (Don et al., 2011; Rodrigues et al., 2013; 
Allen et al., 2015; Fujisaki et al., 2015). Nevertheless, due 
to intrinsic characteristics of each type of native vegetation 
and soil that was subjected to the conversion of its natural 
cover, as also, to the different types of crops/agricultural 
system adopted after conversion, these soil alterations 
might have a different pattern according to each specific 
case. These alterations could be even more complex if 
more than one type of crop/agricultural system followed 
the conversion of the natural system.

In Brazil, the conversion of native forests into 
agricultural lands was one of the cheapest ways of 
expanding food production during the past centuries (Gibbs 
et al., 2010). Among the native biomes in Brazil that were 
drastically affected by the conversion, the Atlantic Forest 
suffered severe losses of its original covered area. It is 
estimated that only 12% of the original forest area remains 
conserved (Ribeiro et al., 2009). In Brazil, the conversion 
of the Atlantic Forest into agricultural lands was strongly 
influenced by the expansion of sugarcane plantations since 
the colonial period, especially in the Northeastern coastal 
region. After the conversion, most of these areas underwent 
predatory agriculture with inadequate soil management 
practices for several years, as backdate poor understanding 
about the dynamic between soil-plant interface and 
fertilization practices were achieved. Nevertheless, in the 
last decades, sugarcane production in Northern Brazil 
stagnated in its productivity and competitiveness, while 
the sugarcane production in Southern Brazil expanded 
due to higher levels of competitiveness (Rudorff et al., 
2010; Moraes et al., 2016). These factors combined, have 
contributed to the conversion of sugarcane areas into other 
crops cultures or pasturelands in Northern Brazil.

Due to practices such as fertilization, liming, 
nutrient exportation by cultures, and changes in nutrient 
cycles (Don et al., 2011; Allen et al., 2015; Fujisaki et al., 
2015), forest conversion to agricultural lands can have a 
considerable impact over the soil chemistry. The degree 
of these soil chemical changes due to different land use 
can be understood by analyzing soil fertility indicators 
such as the sum of exchangeable bases, effective cations 
exchange capacity (ECEC), potential cations exchange 

capacity (PCEC), percentage of Al saturation (m%), 
percentage of base saturation (V%), soil organic matter 
(SOM) and the isotopic composition, compared to the 
native soils. These soil fertility indicators are dependent on 
the concentrations and the balance of a range of nutrients 
and ions such as available P, K+, Al+3, Ca+2, Mg+2, Na+ 
that are strongly influenced by a sort of soil management 
strategies adopted such as fertilization (McLaughlin et al., 
2011; Bindraban et al., 2015), liming (Alleoni et al., 2010; 
Buni, 2014), grazing (Vendramini et al., 2007) and type of 
crop (Bindraban et al., 2015). Understand the complexity 
of these soil chemical changes due to land-use changes 
is useful to support strategies for adequate soil fertility 
management in areas that underwent use conversion. 

The objective of this study was to evaluate 
the chemical and isotopic changes in areas of a short-
chronosequence, rainforest-sugarcane-pastureland in the 
Atlantic Forest biome, aafter approximately 30 years from 
the conversion of the native vegetation into agricultural 
lands. Additionally, this study outlines the interaction 
between soil chemical composition and fertility indicators, 
and their correlation with the type of vegetation cover.

MATERIAL AND METHODS

Site location

This study was carried out at Miracéu Farm (S 
08 ° 29 ‘147’’, W 035 ° 37’ 054’’), located at the coastal 
zone of Atlantic forest biome, microregion of the Mata 
Sul of Pernambuco State, Northeast region, Brazil. The 
land is situated at 302-m a.s.l. The climate of the region 
is considered tropical with a dry season, according to 
Köppen-Geiger climate classification. The average annual 
temperature is 25°C, with an average yearly rainfall of 
1000-2200 mm (Embrapa, 2020). The predominant rocks 
types of the study area are igneous and metamorphic 
rocks (Carmo Leal, 2020).  Oxisols dominate the soils of 
this region in the flat tops that are generally deep and well-
drained. Spodosols prevails on steep slopes, moderately 
deep and drained. The lowlands are composed by Entisol 
rich in organic matter and typically poorly drained. Soils 
classification were based on (USDA, 1960, Soil Survey 
Staff, 2014). The soils at the farm have a clay texture.

Land use description and sampling 

The sampling area included three types of land use: 
sugarcane plantation subjected to chemical fertilization 
and annual fire, pastures of Brachiaria decumbens used 
for beef cattle production, and native/conserved Atlantic 
rainforest (Figure 1). The area correspondent to the 
native Atlantic forest had approximately 28 ha, dispersed 
in distinct areas of flat and sloping topography. The pasture 
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FIGURE1  Map of the sampling areas of forest, sugarcane and pasture. 

Note: Soil samples were collected over the whole area of each vegetation tagged. A minimum of 30 m distance between soils from different vegetations was used as 
border limit between different sampling areas.

areas were established between 4 to 12 years before sampling, 
with a monoculture of Brachiaria decumbens Stapf, totalizing 
31 ha. Before conversion to pastures, these areas were used 
for sugarcane cultivation, and prior sugarcane the areas were 
unaltered native Atlantic rainforest. Since the establishment 
of the pastures, no fertilization or liming were performed. 
Pastures had been managed under rotational stocking in a 
semi-intensive beef cattle production system. The sugarcane 
areas sampled totaled 9 ha and were established around 30 
years before the evaluation. These areas of sugarcane were 
improved in 2005, they underwent tillage, and its pH was 
corrected with lime at a rate of 2 Mg.ha-1. Sugarcane has been 
fertilized annually with 200 kg.ha-1 of 20-10-20 (NPK). This area 
had been subject to annual fire before harvesting. Soil samples 
were collected in the first semester of 2013, at a depth of 0-20 
cm. Sampling included flat top areas, steep slopes and lowlands 
equally distributed for each type of vegetation. Twenty-four 
samples were collected in each treatment, where 8 soil 
samples were collected along each experimental unit tagged in 
Figure 1. A minimum distance of 8 m between samplings points 
within the same experimental unit was used.  During sampling, 
transitional areas between vegetations were avoided, allowing 
a minimum distance of 30 m. 

Soil chemical and isotope analyses

Soil samples were analyzed at the Federal Rural 
University of Pernambuco, Recife, Brazil. Soil samples 
were air-dried and sieved at 2 mm as a standard procedure 
before the analyses. The soil chemical analyses followed 
methods described in Donagema et al. (2011), they included: 

soil pH (water 1:2.5) based on a ratio (10 ml soil + 25 ml 
of distilled water) and readings performed in pH meter; 
H+Al (cmolc.dm-3), extracted using 0.5 mol.L-1  calcium 
acetate at pH 7.0; Al+3, Ca+2, Mg+2 (cmolc.dm-3), extracted 
using 1 mol.L-1 KCl N, followed by dilution in a volumetric 
solution of NaOH 0.025 N for Al+3 determination, and 
addition of bromine water, buffer solution, eriochrome 
black and titration with EDTA 0.0125 N; Na+ and K+ 
(cmolc.dm-3) were determined by extraction with HCL 
0.05 followed by flame spectrophotometry using specific 
filters; P was extracted using Mehlich I (HCl 0.05 N + 
H2SO4 0.025 N) solution, followed by addition of 10 ml acid 
solution of ammonium molybdate and 30 mg of ascorbic 
acid, readings by optical density on the photocolorimeter, 
using a red filter (660 mµ wavelengths). Organic carbon 
was estimated via organic matter oxidation in dichromate 
potassium in sulfuric medium, followed by titration with 
Ammonium Iron (II) sulfate (NH4)2Fe(SO4)2(H2O)6, then 
the soil organic matter was calculated using the equation 
1.724 x % organic carbon.  

Soil fertility indicators were estimated: total 
exchangeable bases (cmolc/dm3) = Ca+2+ Mg+2+ K++ 
Na+; effective cation exchange capacity (ECEC) (cmolc.
dm-3) = Ca+2+ Mg+2+ K++ Na++ Al+³; potential cation 
exchange capacity (PCEC) (cmolc.dm-3) = Ca+2+ Mg+2+ 
K++ Na+ + (H+ Al+³); Aluminium saturation (m%) = 
(100 x Al+³) / Ca+2+ Mg+2+ K++ Na++Al+³; percentage 
of bases saturation (V%) = [100 x (Ca+2+ Mg+2+ K++ 
Na+)]/(Ca+2+ Mg+2+ K++ Na+ + Al+³). 
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Six composite samples (0.25 g) of each treatment 
were prepared for δ13C and δ15N stable isotopes 
analyses, being two composite samples from a mix of 8 
individual samples of each experimental unit. Samples 
were previously oven-dried at 50°C and ball-milled to be 
reduced to a fine powder. Before the isotopes analyses, 
samples were acidified in 1.5 N HCl to remove organic 
carbon. Nitrogen and carbon % were analyzed based 
on mass spectrophotometry using Vario Micro Cube 
(CHNS analyzer using the Dumas dry combustion method 
Elementar, Hanau, Germany) combined with an ISOPRIME 
100 Isotope Ratio Mass Spectrometer (Elementar, 
Manchester, UK). The isotopes values are expressed in 
‰, δ13C to the PDB (Pee Dee Belemite) standard, and 
δ15N to the atmospheric N2. The analyses were performed 
at the Nuclear Energy Center, USP-CENA.

Statistical analyses

The data were tested for normality using 
the Kolmogorov-Smirnov and Shapiro-Wilk tests. 
Comparison between soil attributes from different land 
use was analyzed by independent Kruskal-Wallis H Test 
(p<0.05) using the software SPSS 24 IBM®. Pearson’s 
correlations were performed (p<0.05) between all soil 
physical-chemical variables analyzed, excepted for δ13 

C and δ15N. Relationships between soil nutrients, soil 
fertility indicators and vegetation type were analyzed by 
correspondence analysis using XLSTAT®. For the δ13 C 
and δ15N stable isotopes, cluster analysis (Bray-Curtis 
similarities matrix) were performed to detect similarities 
between the isotopic profiles in the different land uses. 

RESULTS 

Soil fertility 

Forest soils showed the lowest pH average 
between the types of land use (pH = 4.6), followed by 
sugarcane soils (pH 5.0), and higher pH values were found 
in pasture soils (pH = 5.4) (p<0.0001) (Figure2.a). It was 
observed that forest areas had greater concentrations of 
Al+3 (0.8 cmolc.dm-3), H+Al (6.8 cmolc.dm-3) and m% 
(28.9) than the areas of sugarcane (Al+3 = 0.5; H+Al = 
6.4 cmolc.dm-3 and m% = 19.1) and pastures (Al+3 = 
0.4; H+Al = 5.7 cmolc.dm-3 and m% = 12.0) (p<0.001) 
(Figure 2 b-d). The greater concentrations of Al+3 and 
H+Al in forest soils effectively contributed to their lower 
pH levels compared to sugarcane and pasture soils. It can 
be observed in the correspondence analysis map (Figure 
4) that soil pH was plotted in opposition to Al+3 and 
H+Al. Also, it can be visualized a predominance of forest 
samples in the biplot that Al+3 and H+Al were located. 

FIGURE 2 a.b.c.d.  Soil pH (water – 1:2.5) (a), Al+3 (cmolc/dm3) (b), H+Al 
(cmolc/dm3) (c) and m% (d), from a chronosequence forest-
sugarcane-pastureland in the Atlantic Forest biome. 

Box-plots with different letters differed significantly in the independent Kruskal-
Wallis H Test (p<0.05). (n samples=72)
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A higher number of sugarcane samples compared to 
pasture were found in the biplot where Al+3, H+Al 
and m% were plotted in (Figure 3). However, the 
concentration of Al+3 and m% in the soil did not have any 
significative difference between sugarcane and pasture 
soils (p>0.05) (Figure 2 b.d). 

It was not observed significant differences between 
the types of land use on the potential cation exchange 
capacity (PCEC), effective cation exchange capacity 
(ECEC) and the sum of exchangeable bases of the soil 
(Figure 4 a.c.d) (p>0.05). Only V% showed a significant 
difference between vegetation types (p<0.006) (Figure 4 
b), with pasture areas showing higher V% (37.3%) than 
forest (25.4%), and sugarcane being an intermediated 
(29.9%). For the exchangeable bases analyzed individually, 
it was found a greater average of soil P concentrations in 
sugarcane soils (6.4 mg.dm-3) (p<0.05) than in pasture and 
forest soils (1.9 and 0.8 mg.dm-3, respectively). Greater K+ 
concentrations were found in pastures soils (0.12 cmolc.

dm-3) in comparison to sugarcane (0.07 cmolc.dm-3), with 
forest being intermediate (0.08 cmolc.dm-3) (p<0.05) 
(Figure 5 a.b). Forest and pasture soils had the greatest 

Na+ concentrations (0.19 cmolc.dm-3) (p<0.0001) (Figure 
5 c). Soil Mg+2, Ca+2 and SOM did not differ significantly 
between land uses (p>0.05) (Figure  6 d.e.f). 

It was observed in the correspondence analysis 
map (Figure 3), that most of the samples that were in the 
same biplot as exchangeable bases, PCEC and ECEC were 
from pastures and sugarcane, only a fewer number were 
from the forest. Nevertheless, PCEC and ECEC did not 
show any significant difference between the different types 
of vegetation (Figure 4 c.d). Correlation analyses revealed 
that K+, Ca+2 and Mg+2 were the exchangeable bases with 
higher linear correlation coefficients with PCEC and ECEC, 
between r=0.5 to 0.8 (Table 1). Among the exchangeable 
bases, soil Na+ showed no significant correlation (p>0.05) 
with exchangeable bases, PCEC and ECEC. Higher soil 
pH correlated moderately with ECEC (r=0.6), and SOM 
moderately with PCEC (r=0.5). 

Soil C and N isotopic profiles 

The isotopic analyses showed that soil δ13C was 
more depleted in areas of forest (-28.1‰), followed 
by sugarcane (-21.3‰) and pastures (-19.5‰) areas 

Potential and effective cations exchange capacity (PCEC and ECEC, respectively) (cmolc/dm3), percentage of base saturation (V%), potential acidity H+Al (cmolc/dm3), 
percentage of Al saturation (m %), soil organic matter (SOM). (n samples=72).

 FIGURE 3  Correspondence analysis of soil nutrients and fertility indicators in areas of a chronosequence forest-sugarcane-pastureland in the 
Atlantic Forest biome. 
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FIGURE 4  a.b.c.d.  Soil exchangeable bases (a), percentage of base saturation 
(V%) (b) potential and effective cations exchange capacity (PCEC and 
ECEC, respectively) (cmolc/dm3) (c.d), from a chronosequence forest-
sugarcane-pastureland in the Atlantic Forest biome. 

Box-plots with different letters differed significantly in the independent Kruskal-
Wallis H Test (p<0.05). (n samples=72).

that did not differ significantly (Figure 6a) (p = 0.002). 
Increased soil δ15N values were found in sugarcane 
soils (7.5 ‰), with pastures and forest not showing 
any significant difference (5.8 and 5.2 ‰, respectively) 
(p>0.05) (Figure  7 b). Soil C% was greater in forest 
and pastures (5.3 and 5.5%, respectively) compared to 
sugarcane soils (2.6%) (p<0.05) (Figure 6c.). The same 
was observed for N%, with forest and pastures (0.28 
and 0.27%, respectively) showing greater concentrations 
than sugarcane (0.15%) (p<0.05) (Figure 6d.). Cluster 
analysis of the isotopic profiles (δ13C and δ15N) 
evidenced that sugarcane and pastures soils showed 
more similarities between their isotopic compositions in 
comparison to forest soils (Figure 7). 

DISCUSSION 

Soil fertility

Differences in acidity levels between forest and 
cultivated soils can be associated with the fact that 
the areas of sugarcane and pasture in a given period 
received lime or fertilizer after forest conversion. In 
previous studies in the Atlantic biome, a consequence 
of the conversion of the forest to agricultural lands was 
the increment in the pH levels and the reduction of 
acidity parameters (Barreto et al., 2006; Barreto et al., 
2008). The usual lower pH of forest soils in comparison 
to cultivated lands is generally associated with the 
natural acidity from organic matter mineralization, and 
acid exudates (H+) released by the roots of the forest 
vegetation (Barreto et al., 2006).  

In contrast to agricultural areas, the high 
concentrations of Al+3 and H+Al found forest soils 
had a significant influence on the lower pH values 
found. The levels of the ion Al+3 is considered a critical 
factor for causing excessive acidity in soils (Alleoni et 
al., 2010; Haling et al., 2010). In practical terms, the 
Al+3 range levels between sugarcane and pasture were 
comparable, while the forest soil showed a slightly 
higher range for Al+3 which was associated with the 
lower pH. The relationship between soil pH and Al+3 
levels in the present study was found to be expressed 
by the equation Al+3 = -0.5488*pH+ 3.2718 (R2= 
0.61; p<.0001). According to Bojórquez-Quintal et al. 
(2017), under a low pH <4.3, Al+3 can have a major 
impact on plants in terms of toxicity and growth 
inhibition. Forest soils had the lowest pH found in the 
present (pH=3.84), which is associated with one of the 
greatest Al+3 concentrations (1.7 cmolc.dm-3) found in 
the study. According to Nicolodi et al. (2008), crops can 



SOIL CHEMICAL CHANGES AND RESEMBLANCES IN A CHRONOSEQUENCE RAINFOREST-
SUGARCANE-PASTURELAND IN THE ATLANTIC FOREST BIOME

450

CERNE

LIMA, et al.

TABLE 1   Coefficient of correlation between Soil pH (water – 1:2,5), Al+3, H+Al, P (Melhich I) (mg.dm-3), K+, Ca+2, Mg+2, Na+ (cmolc.dm-3); 
the sum of exchangeable bases, potential and effective cations exchange capacity (PCEC and ECEC, respectively) (cmolc.dm-3), 
percentage of base saturation (V%), potential acidity H+Al (cmolc.dm-3), percentage of Al saturation (m%), soil organic matter 
(SOM) g.kg-1, from a chronosequence forest-sugarcane-pastureland in the Atlantic Forest biome.

Exchangeable Bases PCEC ECEC V% m% pH P Na+ K+ Ca+2 Mg+2 Al+3 H+Al

PCEC 0.9             
ECEC 1.0 0.9            
V% 0.9 0.7 0.9           
m% -0.8 -0.5 -0.7 0.9          
pH 0.6 0.3 0.6 0.8 0.8         
P 0.2 0.2 0.2 0.2 0.2 0.3        

Na+ 0.2 0.1 0.2 0.2 0.1 0.2 0.2       
K+ 0.6 0.5 0.6 0.6 0.5 0.4 0.1 0.1      

Ca+2 0.8 0.7 0.8 0.8 0.7 0.6 0.4 0.2 0.5     
Mg+2 0.7 0.7 0.7 0.6 0.5 0.3 0.1 0.1 0.4 0.2    
Al+3 -0.6 -0.3 -0.4 0.6 0.9 0.8 0.3 0.0 0.3 0.6 0.3   

H+Al -0.3 0.2 -0.2 0.5 0.6 0.7 0.1 0.2 0.2 0.3 0.0 0.6  
SOM 0.3 0.5 0.3 0.1 0.1 0.0 0.1 0.3 0.1 0.1 0.4 0.1 0.4

Values in bold were significant for 2-tailed Pearson’s correlation (p<0.05). (n samples=72).

Box-plots with different letters differed significantly in the independent Kruskal-Wallis H Test (p<0.05). (n samples=72).

FIGURE 5  a.b.c.d.e.f. Soil P (Mehlich I) (mg.dm-3), K+, Ca+2, Mg+2, Na+ (cmolc.dm-3) and organic matter (SOM) g.kg-1, from a chronosequence 
forest-sugarcane-pastureland in the Atlantic Forest biome. 
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FIGURE 6 a.b.c.d. δ13C and δ15N Soil isotopes, C% and N%, from a chronosequence forest-sugarcane-pastureland in the Atlantic 
Forest biome. 

have their yields dropped by a slight increase from 0 to 
0.5 cmolc.dm-3 of Al+3 in the soil. 

The slightly higher pH levels found in sugarcane 
and pastures areas in comparison to the forest soils were 
a consequence of the management practices performed 
along the years after forest conversion. Among these 
practices, liming, fertilization, biomass harvesting and 
nutrient cycling via animal excreta are perhaps the most 
important ones. Liming is known for raising soil pH by 
neutralizing the active acidity (H+), and for precipitating 
Al+3 ions (Alleoni et al., 2010; Buni, 2014). The annual 
greater fertilizer inputs of the sugarcane that has been 
performed possibly contributed to the lower soil pH 
values found in comparison to pastures. Yearly applied 
NPK inputs via fertilization has been associated with 
decrements in pH of agricultural lands (Meng et al., 
2013; Zhou et al., 2017). Annual harvesting is another 
factor that also might have contributed to the lower pH 
observed in the sugarcane soils compared to the pasture. 
Sugarcane vegetation has been entirely harvested yearly, 

differently from the pastures that have been managed to 
allow enough residual mass for regrowth and have been 
maintained below the maximum stocking rate capacity. 
The harvesting of the crops leads removal and exportation 
of soil nutrients which can contribute to increasing soil 
alkalinity (Avila-Segura et al., 2011; Hao et al., 2019).

The slightly higher exchangeable bases 
concentrations and V% in the pastures and sugarcane soils 
in comparison to the forest soils is also an associative effect 
of management practices performed after conversion, 
especially fertilization and liming.  Fertilization had been 
performed using NPK, that contributed for inputs of the 
exchangeable base K+ while liming (CaCO3), provided 
inputs of Ca+2. These nutrient inputs were performed 
yearly in sugarcane areas, and as the pasture areas followed 
sugarcane in the chronosequence, possibly a residual effect 
of fertilization on sugarcane remained.  It also should be 
considered that in the pasture areas, there is a tendency for 
a greater nutrient return to the soil compared to sugarcane, 
due to the contribution of the litter deposition (Vendramini 

Box-plots with different letters differed significantly in the independent Kruskal-Wallis H Test (p<0.05). (n samples=18).
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et al., 2007) and animal excreta (Faccio Carvalho et al., 
2010). Despite there was no significant difference in SOM 
between land use (Figure 5 f), it also correlated positively 
with the potential cation exchange capacity (PCEC). 
Fageria (2012) reported that organic matter has a significant 
contribution to the soil cation exchange capacity, especially 
in soils with elevated pH. 

Soil C and N isotopic profiles

The natural abundance of δ13C in the soil reflects 
the plant material that mostly contributed to the soil organic 
matter (SOM). The greater depletion δ13C in forest soils 
in comparison with to the isotopic values found in both 
cultivated lands (sugarcane and pasture) is a consequence of 
the vegetation predominant in the area, and also the age that 
the soil organic matter was formed (Malone et al., 2018). 
The forest is mostly dominated by plants of metabolism C3 

and the pasture and sugarcane C4. Species with metabolism 
C3 have δ13C values in between -20 and -34 ‰, while C4 

species vary between -9 and -17 ‰ (Alves et al., 2005; Liu 
et al., 2011). Malone et al. (2018) reported that the initial 
values of δ13C in a given plant material will depend on its 
photosynthetic pathway, where the C3 photosynthesis is 
known for discriminating strongly against the δ13C than 
plants with C4 metabolism during the isotopic fractioning. 
The influence of the type of predominant vegetation 
metabolism explains the greater isotopic similarities showed 
by sugarcane and pastures soils. 

The succession of the forest by sugarcane and 
later by pasture modified the isotopic composition 

of the original δ13C of the soil, via enrichment of the 
δ13C isotope. Nevertheless, a residual contribution of 
the original soil organic matter formed by the forest 
vegetation on the isotopic composition of sugarcane 
and pasture soils is speculated, as the δ13C of plant 
material from C4 is close to -13 ‰ (Liu et al., 2011), 
and the cultivated lands showed a δ13C between -19 
‰ to 21 ‰. Costa et al. (2009) noticed enrichment 
of δ13C from -29.08 ‰ to -18.83 ‰ in soils of 
Atlantic Forest converted into pastures of Brachiaria 
brizantha after 20 years from conversion. Desjardins 
et al. (2004) reported that the enrichment of δ13C in 
soils of pastures areas that followed a conversion from 
Amazon rainforest was time-dependent, increasing 
with the advance of the time. Differences observed in 
the soil isotopic composition (δ13C, δ15N), especially 
concerning the forest, indicates that for this short 
chronosequence analyzed, detectable differences in the 
C and N profiles were mostly associated to the change 
between C3 dominant vegetation to C4. 

The greater δ15N in soils of sugarcane compared 
to forest and pastures soils can be associated with the 
annual nitrogen inputs via inorganic fertilization that 
the sugarcane has received over the years. Nitrogen 
fertilizer is enriched in δ14N when compared to soils. 
Once N fertilizer is applied in soils, soil bacteria will 
likely utilize the greater amount of δ14N in the fertilizer, 
leaving the δ15N behind. According to Stevenson et al. 
(2010), others processes that fractionate the δ15N in 
the soil are nitrification are denitrification and ammonia 
volatilization, in their study, there were greater δ15N in 
cultivated soils compared to native forests. 

FIGURE 7 Cluster analysis of the soil based on δ13C and δ15N stable isotopes from a chronosequence forest-sugarcane-pastureland 
in the Atlantic Forest biome. 

(n samples=18)



453

CERNE

LIMA, et al.

SOIL CHEMICAL CHANGES AND RESEMBLANCES IN A CHRONOSEQUENCE RAINFOREST-
SUGARCANE-PASTURELAND IN THE ATLANTIC FOREST BIOME

The δ15N signature in plants can also increase 
when N fertilizer is applied (Santos et al., 2018). Santos 
et al. (2018) reported an enrichment of the δ15N of 
Paspalum notatum roots after two years of N fertilization, 
the response was credited to a possible increase in the 
availability of SOM-N (rich in δ15N) after N fertilization, and 
due to the decrease in the C:N ratio.  Similar to our results, 
Franco et al. (2015) evaluating areas of a chronosequence 
(forest-pasture-sugarcane) also reported higher δ15N in 
sugarcane areas. The isotopic composition in our present 
trial was only measured in the depth of 0-20 cm, possibly, 
the soil δ15N could have a different profile in deeper soils 
horizons, as δ15N has been reported to increase with soil 
depth. The increment of δ15N in the function of the soil 
depth is attributed to the isotopic fractionation during 
litter decomposition and SOM formation (Marin-Spiotta 
et al., 2009; Franco et al., 2015). 

CONCLUSIONS

The short chronosequence of approximately 
30 years after the forest conversion investigated in this 
study, pointed a strong influence of the alteration of 
the native forest into agricultural lands in to decreasing 
the natural acidity and modifying the original isotopic 
profile of the soil. Lime application after the conversion 
was possibly the main factor which contributed to the 
decrements of the concentrations of Al+3 and H+Al in 
the native soils converted. In terms of isotopes, there 
was an enrichment of δ13C in sugarcane (-21.3‰) 
and pastures (-19.5‰) areas, compared to forest 
soils (-28.1‰). As there is much interest in restoring 
forests, in areas currently occupied by sugarcane and 
pastures, forest managers should keep in mind that some 
agricultural soils possibly were too modified in terms 
of their chemical composition, which might impose a 
limitation on the establishment and development of 
previous native forest species. 

ACKNOWLEDGEMENTS 

The authors would like to thank Miracéu farm 
Cortês-Pernambuco-Brazil, for all the support and 
provision of the study site and facilities. This study was 
financed in part by the Coordenação de Aperfeiçoamento 
de Pessoal de Nível Superior - Brasil (CAPES) - Finance 
Code 001 and Conselho Nacional de Desenvolvimento 
Científico e Tecnológico (CNPq) – Grants. For the 
postdoctoral scholarship of the Fundação de Amparo 
à Ciência e Tecnologia do Estado de Pernambuco 
(FACEPE), grant number BFP-0126-5.04/19.

REFERENCES

ALLEN, K.; CORRE, M.D.; TJOA, A.; VELDKAMP, E. Soil 
nitrogen-cycling responses to conversion of lowland forests 
to oil palm and rubber plantations in Sumatra, Indonesia. 
PLoS ONE, v.10, p.e0133325, 2015. 

ALLEONI, L.R.F.; CAMBRI, M.A.; CAIRES, E.F.; GARBUIO, F.J. 
Acidity and Aluminum Speciation as Affected by Surface 
Liming in Tropical No-Till Soils. Soil Science Society of 
America Journal, v.74, p.1010–1017, 2010.

ALVES, B.J.R.; ZOTARELLI, L.; JANTALIA, C.P.; BODDEY, R.M.; 
URQUIAGA, S. Emprego de isótopos estáveis para o estudo 
do carbono e do nitrogênio. Processos biológicos no 
sistema solo-planta: Ferramentas para uma agricultura 
sustentável. Brasília, Embrapa-SCT, p.343–368, 2006. 

AVILA-SEGURA, M.; BARAK, P.; HEDTCKE, J.L.; POSNER, 
J.L. Nutrient and alkalinity removal by corn grain, stover 
and cob harvest in Upper Midwest USA. Biomass and 
Bioenergy, v.35, p.1190–1195, 2011. 

BARRETO, A.C.; FREIRE, M.B.G.D.S.; NACIF, P.G.S.; ARAÚJO, 
Q.R.; FREIRE, F.J.; INÁCIO, E.D.S.B. Fracionamento 
quimico e fisico do carbono orgânico total em um solo de 
mata submetido a diferentes usos. Revista Brasileira de 
Ciencia do Solo, v.32, p.1471–1478, 2008. 

BARRETO, A.C.; LIMA, F.H.S.; S FREIRE, M.B.G. DOS; 
ARAÚJO, Q.R. DE; FREIRE, F.J. Características Químicas 
E Físicas De Um Solo Sob Floresta, Sistema Agroflorestal 
E Pastagem No Sul Da Bahia. Revista Caatinga, v.19, 
p.415–425, 2006. 

BINDRABAN, P.S.; DIMKPA, C.; NAGARAJAN, L.; ROY, 
A.; RABBINGE, R. Revisiting fertilisers and fertilisation 
strategies for improved nutrient uptake by plants. Biology 
and Fertility of Soils, v.51, p.897–911, 2015. 

BOJÓRQUEZ-QUINTAL, E.; ESCALANTE-MAGAÑA, C.; 
ECHEVARRÍA-MACHADO, I.; MARTÍNEZ-ESTÉVEZ, M. 
Aluminum, a friend or foe of higher plants in acid soils. 
Frontiers in Plant Science, v. 8, p.1767, 2017.

BUNI, A. Effects of liming acidic soils on improving soil properties 
and yield of haricot bean. Journal of Environmental & 
Analytical Toxicology, v.5, p.1–4, 2014.

CARMO LEAL, A.L., COSTA LAURIA, D., RIBEIRO, F.C., 
VIGLIO, E.P., FRANZEN, M. LIMA, E.D.A.M. Spatial 
distributions of natural radionuclides in soils of the state of 
Pernambuco, Brazil: Influence of bedrocks, soils types and 
climates. Journal of Environmental Radioactivity, v.211, 
p.106046, 2020.

COSTA, O.V.; CANTARUTTI, R.B.; FONTES, L.E.F.; COSTA, 
L.M. DA; NACIF, P.G.S.; FARIA, J.C. Estoque de carbono 
do solo sob pastagem em área de tabuleiro costeiro no sul 
da Bahia. Revista Brasileira de Ciência do Solo, v.33, 
p.1137–1145, 2009. 



SOIL CHEMICAL CHANGES AND RESEMBLANCES IN A CHRONOSEQUENCE RAINFOREST-
SUGARCANE-PASTURELAND IN THE ATLANTIC FOREST BIOME

454

CERNE

LIMA, et al.

DESJARDINS, T.; BARROS, E.; SARRAZIN, M.; GIRARDIN, C.; 
MARIOTTI, A. Effects of forest conversion to pasture on 
soil carbon content and dynamics in Brazilian Amazonia. 
Agriculture, Ecosystems and Environment, v.103, 
p.365–373, 2004. 

DON, A.; SCHUMACHER, J.; FREIBAUER, A. Impact of 
tropical land-use change on soil organic carbon stocks - a 
meta-analysis. Global Change Biology, v.17, p.1658–
1670, 2011. 

DONAGEMA, G.K.; CAMPOS, D.V.B. DE; CALDERANO, S.B.; 
TEIXEIRA, W.G.; VIANA, J.H.M. Manual de métodos 
de análise de solo. Embrapa Solos-Documentos 
(INFOTECA-E), 2011. 

EMBRAPA. ÁRVORE DO CONHECIMENTO.Território Mata 
Sul Pernambucana. Available at: https://www.agencia.cnptia.
embrapa.br/gestor/territorio_mata_sul_pernambucana/
arvore/CONT000fbz2ztdp02wx5eo0sawqe3h68l5n4.html 
Accessed in: August 20th 2020. 

FACCIO CARVALHO, P.C. DE; ANGHINONI, I.; MORAES, A. 
DE; SOUZA, E.D. DE; SULC, R.M.; LANG, C.R.; FLORES, 
J.P.C.; TERRA LOPES, M.L.; SILVA, J.L.S. DA; CONTE, O.; 
LIMA WESP, C. DE; LEVIEN, R.; FONTANELI, R.S.; BAYER, 
C. Managing grazing animals to achieve nutrient cycling and 
soil improvement in no-till integrated systems. Nutrient 
Cycling in Agroecosystems, v.88, p.259–273, 2010. 

FAGERIA, N.K. Role of Soil Organic Matter in Maintaining 
Sustainability of Cropping Systems. Communications in 
Soil Science and Plant Analysis, v.43, p.2063–2113, 2012. 

FRANCO, A.L.C.; CHERUBIN, M.R.; PAVINATO, P.S.; CERRI, 
C.E.P.; SIX, J.; DAVIES, C.A.; CERRI, C.C. Soil carbon, 
nitrogen and phosphorus changes under sugarcane 
expansion in Brazil. Science of the Total Environment, 
v.515–516, p.30–38, 2015. 

FUJISAKI, K.; PERRIN, A.S.; DESJARDINS, T.; BERNOUX, M.; 
BALBINO, L.C.; BROSSARD, M. From forest to cropland 
and pasture systems: A critical review of soil organic carbon 
stocks changes in Amazonia. Global Change Biology, 
v.21, p.2773–2786, 2015. 

GIBBS, H.K.; RUESCH, A.S.; ACHARD, F.; CLAYTON, M.K.; 
HOLMGREN, P.; RAMANKUTTY, N.; FOLEY, J.A. Tropical 
forests were the primary sources of new agricultural land 
in the 1980s and 1990s. Proceedings of the National 
Academy of Sciences of the United States of America, 
v.107, p.16732–16737, 2010. 

HALING, R.E.; RICHARDSON, A.E.; CULVENOR, R.A.; 
LAMBERS, H.; SIMPSON, R.J. Root morphology, root-hair 
development and rhizosheath formation on perennial grass 
seedlings is influenced by soil acidity. Plant and Soil, v.335, 
p.457–468, 2010. 

HAO, T.; ZHU, Q.; ZENG, M.; SHEN, J.; SHI, X.; LIU, 
X.; ZHANG, F.; VRIES, W. DE. Quantification of the 
contribution of nitrogen fertilization and crop harvesting to 
soil acidification in a wheat-maize double cropping system. 
Plant and Soil, v.434, p.167–184, 2019.

LIU, W.; YANG, H.; SUN, Y.; WANG, X. δ13C values of 
loess total carbonate: a sensitive proxy for Asian summer 
monsoon in arid northwestern margin of the Chinese loess 
plateau. Chemical Geology, v.284, p.317–322, 2011. 

MALONE, E. T.; ABBOTT, B. W.; KLAAR, M. J.; KIDD, 
C.; SEBILO, M.; MILNER, A. M.; PINAY, G. Decline in 
ecosystem δ 13 C and mid-successional nitrogen loss in 
a two-century postglacial chronosequence. Ecosystems, 
v.21(8), p.1659-1675, 2018.

MARIN-SPIOTTA, E.; SILVER, W.L.; SWANSTON, C.W.; 
OSTERTAG, R. Soil organic matter dynamics during 80 
years of reforestation of tropical pastures. Global Change 
Biology, v.15, p.1584–1597, 2009. 

MCLAUGHLIN, M.J.; MCBEATH, T.M.; SMERNIK, R.; STACEY, 
S.P.; AJIBOYE, B.; GUPPY, C. The chemical nature of P 
accumulation in agricultural soils-implications for fertiliser 
management and design: An Australian perspective. Plant 
and Soil, v.349, p.69–87, 2011. 

MENG, H. QI; XU, M. GANG; LÜ, J. LONG; HE, X. HUA; LI, J. 
WEI; SHI, X. JUN; PENG, C.; WANG, B. REN; ZHANG, H. 
MIN. Soil pH dynamics and nitrogen transformations under 
long-term chemical fertilization in four typical chinese 
croplands. Journal of Integrative Agriculture, v.12, 
p.2092–2102, 2013. 

MORAES, M.A.F.D. DE; BACCHI, M.R.P.; CALDARELLI, C.E. 
Accelerated growth of the sugarcane, sugar, and ethanol 
sectors in Brazil (2000-2008): Effects on municipal gross 
domestic product per capita in the south-central region. 
Biomass and Bioenergy, v.91, p.116–125, 2016. 

NICOLODI, M.; ANGHINONI, I.; GIANELLO, C. Indicadores 
da acidez do solo para recomendação de calagem no 
sistema plantio direto. Revista Brasileira de Ciência do 
Solo, v.32(1), p.237-247, 2008.

RIBEIRO, M.C.; METZGER, J.P.; MARTENSEN, A.C.; 
PONZONI, F.J.; HIROTA, M.M. The Brazilian Atlantic 
Forest: How much is left, and how is the remaining forest 
distributed? Implications for conservation. Biological 
Conservation, v.142, p.1141–1153, 2009. 

RODRIGUES, J.L.M.; PELLIZARI, V.H.; MUELLER, R.; BAEK, K.; 
JESUS, E.D.C.; PAULA, F.S.; MIRZA, B.; HAMAOU, G.S.; TSAI, 
S.M.; FEIGLF, B.; TIEDJE, J.M.; BOHANNAN, B.J.M.; NUSSLEIN, 
K. Conversion of the Amazon rainforest to agriculture results in 
biotic homogenization of soil bacterial communities. Proceedings 
of the National Academy of Sciences of the United States 
of America, v.110, p.988–993, 2013. 

RUDORFF, B.F.T.; AGUIAR, D.A. DE; SILVA, W.F. DA; 
SUGAWARA, L.M.; ADAMI, M.; MOREIRA, M.A. Studies 
on the rapid expansion of sugarcane for ethanol production 
in São Paulo state (Brazil) using Landsat data. Remote 
Sensing, v.2, p.1057–1076, 2010. 

SANTOS, E.R.S.; DUBEUX, J.C.B.; SOLLENBERGER, L.E.; 
BLOUNT, A.R.S.; MACKOWIAK, C.; DILORENZO, N.; 
JARAMILLO, D.M.; GARCIA, L.; PEREIRA, T.P.; RUIZ-
MORENO, M. Herbage responses and biological N2 
fixation of bahiagrass and rhizoma peanut monocultures 
compared with their binary mixtures. Crop Science, v.58, 
p.2149–2163, 2018. 



455

CERNE

LIMA, et al.

SOIL CHEMICAL CHANGES AND RESEMBLANCES IN A CHRONOSEQUENCE RAINFOREST-
SUGARCANE-PASTURELAND IN THE ATLANTIC FOREST BIOME

STEVENSON, B. A.; PARFITT, R. L.; SCHIPPER, L. A.; 
BAISDEN, W. T.; MUDGE, P. Relationship between soil 
δ15N, C/N and N losses across land uses in New Zealand. 
Agriculture, Ecosystems & Environment, v.139(4), 
p.736-741, 2010.

SOIL SURVEY STAFF. Keys to soil taxonomy. 12th.ed. 
Washington, DC: United States Department of Agriculture, 
Natural Resources Conservation Service; 2014.

USA. Department of Agriculture. Soil Conservation Service. 
Soil Classification: A Comprehensive System: 7th 
Approximation. USDA, 1960. 

VENDRAMINI, J.M.B.; SILVEIRA, M.L.A.; DUBEUX JR., J.C.B.; 

SOLLENBERGER, L.E. Environmental impacts and nutrient 

recycling on pastures grazed by cattle. Revista Brasileira 
de Zootecnia, v.36, p.139–149, 2007. 

ZHOU, J.; JIANG, X.; WEI, D.; ZHAO, B.; MA, M.; CHEN, S.; 

CAO, F.; SHEN, D.; GUAN, D.; LI, J. Consistent effects of 

nitrogen fertilization on soil bacterial communities in black 

soils for two crop seasons in China. Scientific Reports, 

v.7, p.3267, 2017. 


