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Abstract 

This study aimed to evaluate the short-term effect of sugarcane straw on soil organic carbon (SOC) stocks in 
tropical soils. The treatments simulated the maintenance of different rates of sugarcane straw (0, 2.2, 5.1, 7.8 and 
12 t ha-1) applied on the soil surface, with four replication, and evaluated chemical and biological attributes in 
four depths (0-0.05; 0.05-0.10; 0.10-0.20; 0.20-0.40 m). Results from soil samples collected in the rainy and dry 
seasons showed evidence of positive short-term effects of green harvest either on labile and humified soil 
organic matter (SOM) pools. For the total SOC stocks, we observed linear responses with straw rates in both 
sampling seasons. A decreased humification index in the topsoil suggests more labile C pools available in the 
soil, resulting in a significant increase in microbial activity. Microbial indicators point towards a steady 
equilibrium in SOC turnover, which can lead to future lower increases in SOC stocks if high straw amounts are 
maintained on the soil surface. Therefore, long-term studies under low-latitude areas are necessary to model the 
potential of C sequestration in sugarcane green harvest systems. 
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1. Introduction 

Sugarcane is an important crop in Brazil, mainly due to its close relationship with the renewable energy 
production sector (Cerri et al., 2009). Currently, Brazil is the largest sugarcane producer, with 734 million tons 
harvested in 10. 6million hectares in 2016 (IBGE, 2016). Despite its importance for bioenergy production, the 
management of sugarcane in Brazil includes biomass burning before harvesting, which facilitates the manual 
harvesting and transportation of sugarcane stalks (Bordonal et al., 2013). On the other hand, this process presents 
negative environmental impacts, contributing to the increase in atmospheric CO2 concentrations (Cerri et al., 
2009) and eliminating the input of sugarcane straw, thus potentially reducing the levels of soil organic matter 
(Correia & Aleoni, 2011).  

Current estimations show that the majority of sugarcane fields (70%) in the main producing zones in Brazil have 
been converted to mechanical harvest, with a significant portion of them (40%) being harvested green 
(Magalhães et al., 2012). Therefore, high amounts of sugarcane straw remain on the soil surface, with values 
ranging from 13 to 20 t dry mass per hectare (Magalhães et al., 2012). The greater nutrient cycling efficiency of 
the straw (Souza et al., 2012; Thorburn et al., 2001) is expected to contribute to increased rates of soil organic 
carbon (SOC) sequestration and reduced use of chemical fertilizers. Previous studies have shown that the input 
of sugarcane straw increases SOC content over time (Razafimbelo et al., 2006). Razafimbelo et al. (2006) 
reported increases of 15% in SOC stocks after six yearsof permanent input of sugarcane straw onto soil, 
representing an accumulation rate of 0.65 t C ha-1 yr-1. The variation in SOC accumulation rate depends on 
climate, soil texture, nitrogen fertilization and the residence time of the straw on the soil surface (Thorburn et al., 
2001). 

However, the effect of the input of sugarcane straw on soil quality under tropical conditions is unclear. This 
information could open perspectives toward using the surplus biomass for other purposes such as bioenergy 
production or alternative bioprocesses for the generation of high-value products (Hernández-Perez et al., 2016). 
Therefore, the measurement of soil C and N stocks as well as soil microbial biomass and activity is important for 
assessing the impacts of sugarcane straw input on surface soil and the implications for soil quality (Kaschuk et al. 
2011). Previous studies have shown increases in SOM and soil microbial biomass through the maintenance of 
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sugarcane straw on the soil surface (Razafimbelo et al., 2006; Souza et al., 2012). In southern Brazil, studies 
have focused mainly on the evaluation of chemical and biological soil processes (Canellas et al., 2007; Correia & 
Aleoni, 2011). For low latitude regions such as northeastern Brazil, there is insufficient information about soil 
properties in the sugarcane cultivation areas. This represents an important gap in our knowledge because 
sugarcane cultivation in Brazil is rapidly expanding in this region. 

The followings were hypothesized: (i) an increase in the rate of sugarcane straw deposited on the soil surface 
would increase the SOC stocks in their labile and resistant pools; (ii) the increase in labile SOC pools induced by 
high straw rates would affect the soil microbial biomass and activity positively even at deep soil layers, and; (iii) 
high addition rates of sugarcane straw would not limit the storage capacity of SOC in the short-term. This study 
aimed to evaluate the short-term effect of sugarcane straw on SOC stocks in tropical soils. 

2. Materials and Methods 

2.1 Experimental Area and Treatments  

The experiment was carried out in União, State of Piauí (04°51′09″S; 42°53′10″W; 52 m), northeastern Brazil. 
The climate is Aw (Köppen), with dry winters and rainy summers. The mean annual air temperature is 27 °C, 
with the highest temperatures between September and December. The accumulated rainfall during the 
experimental period (September 2011 to August 2012) was 1208 mm, with the highest monthly rain amount (317 
mm) registered in February 2012 (Figure 1). The soil is a sandy Argilluvic Plinthosol (Plinthosol at FAO 
classification). The chemical and physical properties of soil in the 0-0.40 m layer are as follows: sand = 787 g 
kg-1; silt = 131 g kg-1; clay = 82 g kg-1; bulk density = 1.69 g cm3; pH (H2O) = 6.2; Ca2+ = 1.08 cmolc kg-1; Mg2+ 
= 0.59 cmolc kg-1; Al3+ = 0.03 cmolc kg-1 (KCl 1 mol L-1); K+ = 0.3 cmolc kg-1; P = 37.5 mg kg-1 (Mehlich 1); 
H+Al = 1.59 cmolc kg-1; SOC = 4.4 g kg-1; sum of bases (SB) = 2.02 cmolc kg-1; CEC = 3.60 cmolc kg-1 and base 
saturation = 56 %. 

 

 

Figure 1. Monthly average temperatures and rainfall precipitation during the experimental period. Data obtained 
from a meteorological station adjacent to the experimental area 

 

A native Babaçu palm forest (Orbignya martiana) covered the experimental area until 1981. This is a typical 
plant species from transitional areas of Brazilian savannas and Amazon forest. After deforestation, a sugarcane 
crop was introduced and continuously cultivated until 2009. The conventional soil tillage was adopted, and the 
harvest of sugarcane was performed always after burning. During this period, the crop was re-planted every 
five-year period after plowing the soil with a disc plough, followed by one pass of a disk harrow and then a soil 
furrow. Sugarcane stalks were planted in 40 cm-deep soil furrows. In each planting operation, the soil was 
fertilized with 25, 150 and 75 kg ha-1 of N (as urea), P2O5 (as single superphosphate) and K2O (as potassium 
chloride), respectively, and 500 kg ha-1 of dolomitic lime. Annually, the soil was fertilized with additional 40 kg 
ha-1 of N as ammonium sulfate [SO4(NH4)2].  
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2.2 Field Experiment 

The experiment started in September 2010 in a first ratoon area and was repeated in September 2011 in a second 
ratoon area (cultivar SP813250) with 1.4 m of inter-row spacing. In both years, after the manual harvesting of 
stalks, the remaining straw (leaves and tops) was removed from the area, weighed and re-distributed to the plots 
(10 m width × 15 m length) according to the different treatments. The field experiment was set in completely 
randomized design, comprising five treatments and four replicates; the five straw rates were applied and 
maintained on the soil surface (T1 = 0 Mg ha-1; T2 = 2.2 Mg ha-1; T3 = 5.1 Mg ha-1; T4 = 7.8 Mg ha-1 and; T5 = 
12.0 Mg ha-1).  

2.3 Soil Sampling and Analysis 

Soil samples were collected in August 2010, prior to the experiment installation, in order to allow the 
preliminary evaluation of soil chemical and physical properties. For this study, detailed soil samplings were 
performed in February 2012, during the rainy season, and in August 2012, after sugarcane harvesting. During the 
soil sampling, three mini-trenches were opened in each experimental plot and soil subsamples were collected at 
0-0.05, 0.05-0.10, 0.10-0.20 and 0.20-0.40 cm depths, and bulked to form form composite samples. Samples 
were transported to the laboratory in cooled boxes, passed through a 2.0 mm sieve and separated into two 
aliquots of 300 g. One aliquot of each sample was placed in plastic bags and immediately stored at 4 oC for 
further microbial analyses. The other aliquot was air-dried and stored at room temperature prior to chemical 
analyses. Metal rings (49.06 cm3) were used to collect intact soil cores using an Uhland auger, in order to 
determine soil bulk density in all treatments.  

Soil samples were passed through a 0.21 mm sieve for chemical analysis. Soil organic carbon content was 
measured by wet digestion with a mixture of potassium dichromate and sulfuric acid under heating (Yeomans & 
Bremmer, 1988). Soil organic carbon stocks for each soil layer were calculated using the equation: SOC stock = 
SOC content × Ds × e; where SOC stock is the total organic carbon pool (Mg ha-1) in each soil layer, SOC 
content is the organic carbon (g kg-1) in a given soil depth, Ds is the soil bulk density and “e” is the thickness of 
the soil layer at each depth. The dissolved organic carbon (DOC) was quantified according to Scaglia and Adani 
(2009). The characterization of soil organic matter pools was given by the extraction and determination of fulvic 
acids (FAF), humic acids (HAF) and humin (HUM), which were performed with the combination of the methods 
proposed by Kononova (1982), and Swift (1996). The quantification of the carbon in the extracts of each fraction 
was carried out by carbon oxidation with potassium dichromate and titration of the excess. The alkaline extract 
(AE = FAF + HAF), the HAF/FAF ratio, and the AE/HUM ratio were calculated according to Benites et al. 
(2003). The humification index (HI) (Canellas & Santos, 2005) was calculated using the equation: HI (%) = 
(HAF + HUM + FAF)/SOC content × 100, where HAF is the humic acid, HUM the humin, FAF the fulvic acid 
and SOC the soil organic carbon content. This index allows estimating the proportion of humified organic matter 
relative to the total soil organic carbon content.  

The soil microbial carbon (CMIC) was determined by the irradiation-extraction method (Ferreira, 1999). The basal 
respiration was determined by quantification of C-CO2 produced by incubated soil samples, according to Alef 
and Nannipieri (1995). The metabolic quotient (qCO2) was calculated as the ratio of basal respiration to CMIC 
(Anderson and Domsch 1985). The microbial quotient (qMIC), which is a measure of carbon availability, was 
calculated by the ratio between CMIC and TOC (Sparling, 1992). 

2.4 Statistical Analysis 

All statistical analyses were performed using SAS 9.2 (SAS, 2003) at α < 0.05. The data were checked for 
normality and homogeneity of variances and transformed to log(x)+2 when necessary to meet the assumptions of 
ANOVA. Transformations were performed for data regarding fulvic acids (0-0.05 m), alkaline extract (0-0.05 m) 
and microbial quotient (0.20-0.40 m). Regression curves were fit to the data based on the rates of sugarcane 
straw maintained on the soil. Data without transformations are displayed in all the figures. 

3. Results and Discussion 

3.1 Results 

3.1.1 SOC Stocks 

Sugarcane straw significantly influenced the SOC stocks in both rainy and dry seasons (Table 1; Figures 2a and 
2b). Except for the 0-0.05 m soil layer in the rainy season, linear models were fit to the data. In the rainy season, 
the SOC pools were similar at 0-0.05, 0.05-0.10 and 0.10-0.20 m depths with the amendment of 12 Mg ha-1 of 
sugarcane straw. However, in the dry season, higher SOC stocks were observed in the top soil compared to 
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deeper soil layers. For the 0-0.05 and 0.05-0.10 m layers, there was a significant increase in the SOC stock from 
the first to the second sampling period.  

 

Table 1. ANOVA outputs (P-values) for soil organic carbon stocks (SOC), dissolved organic carbon (DOC), 
labile carbon (CLABIL), fulvic acids (FAF), humic acids (HAF), alkaline extract (AE), alkaline extract/HAF ratio 
(AE/HAF), humins (HUM), humification index (HI), microbial carbon (CMIC), basal respiration, microbial 
quotient (qMIC) and metabolic quotient (qCO2) in the rainy and dry seasons 

Response variables 

Source of variation 

Soil depths, m (rainy season) Soil depths, m (dry season) 

0-0.05 0.05-0.10 0.10-0.20 0.20-0.40 0-0.05 0.05-0.10 0.10-0.20 0.20-0.40

SOC 0.019 0.0004 0.002 0.0006 0.016 0.008 0.001 0.015 

DOC n.s. n.s. 0.002 0.003 - - - - 

CLABIL n.s. 0.005 n.s. n.s. - - - - 

FAF 0.049* 0.041 n.s. n.s. - - - - 

HAF 0.045 0.026 0.014 n.s. - - - - 

AE 0.043* 0.020 n.s. n.s. - - - - 

AE/HAF n.s. 0.049 n.s. n.s. - - - - 

HUM 0.009 0.008 0.005 0.016 - - - - 

HI 0.009 n.s. n.s. n.s. - - - - 

CMIC <0.0001 <0.0001 0.012 0.003 <0.0001 0.014 n.s. n.s. 

Basal resp. 0.0005 0.007 0.002 0.0002 0.023 0.0003 n.s. 0.012 

qMIC 0.019 <0.0001 n.s. n.s. n.s. 0.050 0.015 0.029* 

qCO2 0.022 n.s. n.s. n.s. n.s. n.s. n.s. n.s. 

Note. Levels of significance are given when P ≤ 0.05; otherwise results are stated as ‘not significant’ (n.s.).  

* Original data transformed to Log(x)+2.  

 

    

a                                          b 

Figure 2. Soil organic carbon (Mg ha-1) at different soil layers of a Plinthosol, with different sugarcane straw 
rates deposited on the soil surface. Data from samples collected in the rainy (a) and dry (a) seasons 

 

DOC rates were measured in only the rainy season, and they were influenced by the rate of sugarcane straw at 
the bottom soil layers (0.10-0.20 and 0.20-0.40 m), but no significant effects of the treatments were observed in 
the top soil layers (0-0.05 or 0.05-0.10 m), as indicated in Figure 3. There was a quadratic increase in the DOC 
rates with increasing amounts of straw. 
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Figure 3. Dissolved organic carbon (g kg-1) at different soil layers of a Plinthosol, with different sugarcane straw 
rates deposited on the soil surface. Data from samples collected in the rainy season 

 

3.1.2 Chemical Attributes 

The sugarcane straw influenced the FAF content in the top soil in the rainy season (Figure 4a). At 0-0.05 and 
0.05-0.10 m depths, the values ranged linearly from 0.7 to 2.4 g kg-1 and from 0.8 to 1.4 g kg-1, respectively. 
However, FAF content at 0.10-0.20 and 0.20-0.40 m was not influenced by the sugarcane straw. HAF content 
was significantly affected by the rate of sugarcane straw in the rainy season except at the 0.20-0.40 m depth 
(Figure 4b). In general, HAF increased with straw rate, demonstrating a quadratic response. Similar values 
across different soil depths were observed at 12 Mg ha-1 of straw, with a trend of stabilization in the HAF content 
beyond this rate.  

 

    

a                                          b 

Figure 4. Fulvic (a) and humic (b) acids contents (g kg-1) at different soil layers of a Plinthosol, with different 
sugarcane straw rates deposited on the soil surface. Data from samples collected in the rainy season 

 

The straw rate significantly increased the alkaline extract at 0-0.05 and 0.05-0.10 m depths (Figure 5a). The 
values fit to a quadratic curve at 0-0.05 m and to a linear curve at 0.05-0.10 m, with values of 2.9 and 1.9 g kg-1, 
respectively, at the rate of 12 Mg ha-1 of sugarcane straw. On the other hand, AE/HUM was only significantly 
affected by the straw rate at the 0.05-0.10 m layer (Figure 5b). 
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a                                          b 

Figure 5. Alkaline extract (a) and alkaline extract/humic acid ratio (b) contents (g kg-1) at different soil layers of 
a Plinthosol, with different sugarcane straw rates deposited on the soil surface. Data from samples collected in 

the rainy season 

 

The straw rate significantly increased HUM content at all soil depths during the rainy season (Figure 6a). 
However, only at the bottom soil layers (0.10-0.20 and 0.20-0.40 m) was it possible to fit polynomial models to 
the data. HUM content was lower at the bottom soil compared to the top soil, but with high sugarcane straw rates, 
the values found at 0.10-0.20 m were similar to those at 0.05-0.10 m. Although adjusted to a crescent linear 
model, the values in the bottom soil remained lower than those observed in the top soil. The treatments 
significantly influenced the humification index at the 0-0.05 m soil depth (Figure 6b). This index decreased 
significantly in the rainy season as more sugarcane crop residue was maintained on the soil. 

 

    

a                                          b 

Figure 6. Humins (a) content (g kg-1) and humification index (b) at different soil layers of a Plinthosol, with 
different sugarcane straw rates deposited on the soil surface. Data from samples collected in the rainy season 

 

3.1.3 Biological Attributes 

In the rainy season, soil microbial C increased significantly as a response to the straw rate at all evaluated soil 
depths (Figure 7a). However, a more pronounced increase in the CMIC was found at the 0-0.05 m layer where a 
quadratic model was adjusted to the data. For the other soil layers, linear models were adjusted. Moreover, at the 
0-5 m depth the values of CMIC were higher than at 0.05-0.10 m, 0.10-0.20 m and 0.20-0.40 m. In the dry season, 
only at 0-0.05 and 0.05-0.10 m depths significant effects of the straw rate on CMIC were observed (Figure 7b). 
For both soil layers, a quadratic trend was adjusted to the data, but differently from the rainy season, there was a 
tendency toward stabilization with high rates of sugarcane straw. 
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a                                          b 

Figure 7. Microbial carbon (µg C g-1 soil) at different soil layers of a Plinthosol, with different sugarcane straw 
rates deposited on the soil surface. Data from samples collected in the rainy (a) and dry (b) seasons 

 

Basal respiration in the rainy season increased after the addition of sugarcane straw in all soil depths (Figure 8a). 
In the top soil, linear models were fitted to the data with values ranging from 20.83 to 35.85 µg CO2 g soil-1 day-1 
(0-0.05 m) and from 21.21 to 33.87 µg CO2 g soil-1 day-1 (0.05-0.10 m). In the bottom soil, the data presented a 
quadratic trend. A similar increase in CO2 emissions with increasing rates of sugarcane straw was observed in the 
dry season except for the lack of significance at the 0.10-0.20 m soil layer (Figure 8b). The amount of CO2 
released by the 0-0.05 and 0.05-0.10 m layers in the dry season was higher than that observed in the same soil 
layers in the rainy season. At 0.10-0.20 and 0.20-0.40 m, the amounts of CO2 released were close to those 
observed in the rainy season.  

 

    

a                                          b 

Figure 8. Basal respiration (µg C-CO2 g soil-1 day-1) at different soil layers of a Plinthosol, with different 
sugarcane straw rates deposited on the soil surface. Data from samples collected in the rainy (a) and dry (b) 

seasons 

 

Microbial quotient expresses the percentage of C present in microbial biomass in relation to TOC. During the 
rainy season, a significant linear increase in qMIC was evident at 0-0.05 and 0.05-0.10 m depths (Figure 9a). 
There was no significant effect at 0.10-0.20 or 0.20-0.40 m. Conversely, in the dry season, qMIC tended to 
decrease with increasing amounts of sugarcane crop residue maintained on the soil surface (Figure 9b). The 
effects were only significant at 0.05-0.10, 0.10-0.20 and 0.20-0.40 m depths. No significant effect was found at 
the 0-0.05 m depth for the different straw rates. The qMIC values were higher in the dry season and ranged from 
3.5 to close to 2.1 in the 0-0.05 m layer.  
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a                                          b 

Figure 9. Microbial quotient (%) at different soil layers of a Plinthosol, with different sugarcane straw rates 
deposited on the soil surface. Data from samples collected in the rainy (a) and dry (b) seasons 

 

Although sugarcane straw on the soil surface increased the basal respiration in the rainy season, the amount of 
CO2 released per unit of microbial C (qCO2) was significantly reduced at the 0-0.05 m soil depth (Figure 10). A 
quadratic model was adjusted to the data, which varied from 0.46 (control) to 0.25 μg C-CO2 mg CMIC

-1 day-1 for 
the highest rate of sugarcane straw. There were no significant effects of the treatments in the other soil depths. In 
the dry season, no significant effects of the treatments were observed in either the top soil or the deeper soil.  

 

 

Figure 10. Metabolic quotient (μg C-CO2 mg CMIC
-1 day-1) at different soil layers of a Plinthosol, with different 

sugarcane straw rates deposited on the soil surface. Data from samples collected in the rainy season 

 

3.2 Discussion 

3.2.1 SOC and Stocks 

Our results consistently showed that sugarcane straw increases SOC stocks, confirming previous studies that 
showed the restoration of SOM with the maintenance of crop residues on the soil (Bordonal et al., 2013; Cerri et 
al., 2011; Correia & Aleoni, 2011; Razafimbelo et al., 2006; Souza et al., 2012; Sparling, 1992; Thorburn et al., 
2001). Our research evidenced the short-term effects of green sugarcane harvesting on the increase of SOC even 
in the bottom soil, although more pronounced increases occurred in the top soil where the straw mulch was 
formed.  
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Before this experiment, the area under study remained under sugarcane cultivation with pre-harvest burning for 
27 years, and crop renovations were conducted with conventional soil tillage. These practices contributed to 
accelerated SOM decomposition (Cherubin et al., 2015). Therefore, the short-term increase in SOC in our study 
may have recovered only a fraction of the C lost during almost three decades of intense cultivation and little 
input of organic residue. It is likely that further increases in SOC stocks would be observed if the experiment 
was maintained for periods longer than that considered in this study. 

The significant increases in the DOC in the bottom soil may have been a consequence of intense rain events that 
leached part of this C pool to deep soil layers where it accumulated. This process may also explain the changes 
in CMIC found between the two seasons. The migration of DOC to deep soil layers in the rainy season provided 
an energy source for microorganisms, resulting in increased soil microbial biomass. Moreover, the vertical 
migration of soluble C fractions leads to increases in SOC (Correia & Alleoni, 2011), which would explain the 
short-term increases of SOC at the bottom soil layers assessed in this study. According to Razafimbelo et al. 
(2006), water soluble C in areas under green sugarcane management is responsible for up to 10 % of total SOC.  

3.2.2 Chemical Attributes 

Sugarcane straw increased the fulvic (FAF) and humic acids (HAF) fractions, which is in line with the data 
presented by Canellas et al. (2003, 2007). However, Canellas et al. (2003) reported great increases in HAF to the 
0.40 m soil layer (486%), whereas in our experiment the effects were evident to only the 0.20 m soil layer. These 
authors also stated that although representing a small fraction of the total SOC, HAF is mobile and can migrate 
to deep soil layers.  

High rates of sugarcane straw increased the humin fraction in all soil layers despite the short-term nature of this 
study. Humins represent the most stable humified SOC pool in soil (Canellas et al., 2003), being recalcitrant to 
microbial action (Canellas et al., 2007). Razafimbelo et al. (2006) reported the highest amounts of SOC in fine 
fractions found in areas with green sugarcane harvesting. The authors emphasized that the mean residence time 
of carbon associated with fine soil fractions could amount to 40 years, whereas it can be less than 5 years for 
carbon associated with coarse soil fractions.  

Similarly, Thorburn et al. (2012) reported the highest amounts of non-labile C, particularly close to the soil 
surface when sugarcane straw was maintained on the soil surface. However, the extent of these changes is 
site-dependent. Increases in SOC and in more condensed humified SOC fractions in the areas of green cane 
harvesting are concomitant with increases in the degree of aromaticity, suggesting important changes in the SOM 
humification process (Canellas et al., 2007). The presence of aromatic structures allows inferences regarding the 
degree of SOM humification and its stability (Dick et al., 2005).  

The increase in alkaline extract in the top soil is consistent with concomitant increases in humic and, particularly, 
fulvic acids. This shows an increase in the absolute amount of C being incorporated into humified fractions and 
thus into relatively stable SOC pools, which is in agreement with the observations of Canellas et al. (2003) in 
areas with green cane harvesting. Moreover, the proportion of AE extract in relation to the humin fraction 
indicates the amount of this humified C that is incorporated into the most stable SOC forms.  

Data of this study evidenced an increase in the AE/HUM ratio in the 0.05-0.10 m soil layer. In spite of this, a 
decreasing humification index was observed in the 0-0.05 m soil layer with increasing straw rates. This suggests 
that although a great amount (in absolute terms) of C was incorporated into humified fractions, its proportion in 
relation to labile SOC fractions was reduced in the top soil. Similarly, Thorburn et al. (2012) found the greatest 
amount of labile SOC in top soil layers when sugarcane residue was retained on the soil surface, suggesting that 
sugarcane straw adds great amounts of labile C to the soil.  

On the other hand, Panosso et al. (2011) found the greatest humification index in areas under green cane harvest, 
suggesting that this would lead to increases in SOM stocks. High proportions of C in labile pools would result in 
higher decomposition rates, as more C would be available for microbial attack (Souza et al., 2012).  

Although the great amount of straw input in our study resulted in proportionally more labile C added to the soil, 
it also contributed to increases in the absolute amount of the humified C fraction, which was determinant for 
increases in the recalcitrant C pools and SOC stocks. Moreover, sugarcane residue decomposes more slowly than 
other crop residues with similar characteristics (Thorburn et al., 2001), which may have further contributed to the 
increased SOC stocks. 

3.2.3 Biological Attributes 

High microbial activity, particularly in the top soil, is a result of favorable environmental conditions, e.g., high 
temperature, water availability (Araújo et al., 2013), and substrate availability provided by sugarcane straw 
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(Souza et al., 2012). The high values of CO2 found in the dry season suggest that the straw maintained on the soil 
surface also conserved soil moisture at levels suitable for microbial biomass, thereby favoring microbial activity. 
In addition, the high C stocks found in the dry season provided a source of energy allowing high microbial 
activity when soil moisture was not a limiting factor.  

Differences in qMIC between the rainy and dry seasons provide evidence that microbial biomass is more sensitive 
to short-term changes in environmental conditions than to the soil’s chemical and physical properties (Souza et 
al., 2012). In the rainy season, data of this study indicated that proportionally more C was immobilized as 
microbial biomass in the upper soil layers as more sugarcane straw was added to the soil. On the other hand, this 
trend seemed to assume an opposite direction in the dry season, indicating that a smaller proportion of total C 
was retained in the microbial biomass as the sugarcane straw rates increased on the soil surface.  

This is consistent with values found by other authors under tropical environments (Souza et al., 2012) and 
suggests that the soil microbial population may be close to a steady state (Anderson & Domsh, 1989). The data 
of this study also showed a decreased metabolic quotient (qCO2) in the 0-0.05 m soil layer with increasing straw 
rates in the rainy season. This indicates a small proportion of C being released to the atmosphere as CO2 per unit 
of microbial C-biomass, thus suggesting high efficiency in the use of soil C. In the dry season, however, no 
changes were reported for different straw rates (data not shown), indicating that SOM may have reached some 
degree of stabilization (Mendonza et al., 2000).  

4. Conclusions 

The results from this study highlight the positive short-term effects of green sugarcane harvesting with the 
maintenance of straw on the soil surface on labile and humified SOC pools.  

A decreased humification index in the most superficial soil layer suggests that proportionally more labile C 
fractions were made available in the soil, consequently resulting in pronounced microbial activity.  

However, some microbial indicators point towards a steady equilibrium in SOC turnover, which can lead to 
future lower increases in SOC stocks if high straw amounts are maintained on the soil surface. 

This suggests that for subsequent cropping seasons, part of the sugarcane straw could be removed from the field 
and used for other purposes.  
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