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Plain language summary 

The use of agricultural leftovers, such as sugarcane residue, to produce bioenergy is currently gaining 

popularity. Something that was previously considered a waste product becomes part of a circular econ-

omy, reducing greenhouse gas emissions and potentially leading to sustainable energy production. Due 

to changes in harvesting from burning sugarcane residue to leaving them on the field, residue manage-

ment is changing. This change in residue management and its potential to contribute to bioenergy make 

it an important research topic. The focus of this review is to investigate whether and how residue man-

agement influences biodiversity. Ensuring biodiversity is an important aspect of sustainable energy pro-

duction and therefore worth investigating, especially to highlight where additional research is needed 

and what is already known. 

Therefore, in this review, the following main research questions will be addressed: 

How is biodiversity influenced by the residue management of sugarcane in Brazil? 

 

To explore this, we conducted literature research focusing on the keywords "Brazil", "sugarcane", "bio-

diversity", and "straw removal". We analysed information from various papers, looking at the mentioned 

taxonomic groups, geographic regions (mainly Brazil), measurable effects on biodiversity, and different 

rates of residue removal. 

 

We found that biodiversity generally increased when a certain amount of residue was left on the field. 

Specific taxonomic groups, such as soil microbes, nematodes and arthropods, were identified as being 

particularly impacted by changes in residue management. Even though the impact was mainly positive, 

meaning an increase in species abundance and diversity when the residue was left on the field, there are 

also certain pest species which benefit from the residue. This could lead to changes in pesticide usage, 

which in turn will impact the soil microbes, nematodes and arthropods. There was limited to no infor-

mation available on the effects of residue management on other groups, like birds and mammals. Over-

all, we determined that biodiversity is indeed influenced by residue management strategies. 

 

These findings underscore the importance of conducting further research on residue management and 

its implications for biodiversity. Considering biodiversity when working towards sustainable bioenergy 

production is seen as crucial. This suggests that more studies are needed to fully understand the potential 

impacts of residue management on biodiversity to develop effective and sustainable practices. 

 

In conclusion, the use of agricultural residue for bioenergy production is gaining popularity, but it is 

important to consider the potential effects on biodiversity. Through literature research, it was found that 

residue management can impact biodiversity, with certain taxonomic groups being more affected than 

others. More research is needed to fully understand these impacts and develop sustainable practices that 

balance the need for bioenergy production with the conservation of biodiversity. This review highlights 

the importance of considering biodiversity in discussions surrounding agricultural residue management 

for bioenergy production to ensure a more sustainable approach. 
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Abstract 

In an effort to lower greenhouse gas emissions, there is now increasing interest in producing bioenergy 

from agricultural residue, such as sugarcane residue. This shift in residue management strategies may 

have an impact on biodiversity, which remains to be investigated. Once the impacts are understood, 

measures can be implemented to minimise negative effects and preserve biodiversity, ultimately pro-

moting sustainable bioenergy production. Therefore, literature research was conducted. Information 

from different papers was extracted based on the scope (Brazil) and the residue management impact of 

sugarcane on biodiversity. Certain mechanisms of impact were found. The decomposition of residue on 

the field helps fertilise the soil, reducing the need for artificial fertiliser. Additionally, herbicide usage 

may be impacted by the presence of residue, affecting the germination and growth of weeds and ulti-

mately altering their composition. Moreover, soil compaction and soil pollution through leaching as well 

as the physical presence of residue affect biodiversity. Biodiversity was generally increased when there 

was a certain amount of residue left on the field. Specific taxonomic groups were identified that are 

affected by changes in the residue management. Mostly soil microbes and arthropods are studied, while 

there is a lack of available literature for other taxonomic groups such as mammals and limited literature 

for nematodes and birds. Overall, it can be concluded that biodiversity is affected based on residue 

management strategies. This review highlights the need for further studies concerning residue manage-

ment and its effect on biodiversity. Including biodiversity when aiming at a sustainable production of 

bioenergy is relevant.  
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1. Introduction 

Currently, there is a shift from fossil fuels to bioenergy mainly to reduce greenhouse gas emissions 

(Cherubin et al. 2021). Bioenergy is a form of renewable energy, which aims to lead to a sustainable 

energy production in the future (Adami et al. 2012; Energy.gov 2024). The use of biomaterial (e.g. sug-

arcane) to produce bioenergy contributes to a bio-based economy. One approach is to use biomaterial 

residue to produce bioenergy. In general, residue is a byproduct obtained during the development of 

food crops (Guddaraddi et al. 2023). Using them for bioenergy production reduces waste and helps move 

towards a circular economy (Cherubin et al. 2021), which can be beneficial for humans as well as for 

the environment. Nevertheless, using biomaterial to produce energy can have negative effects on food 

security. The used fields compete for land and water with food production (Bordonal et al. 2018). Fur-

ther, the increased use of biomaterials for energy production can cause pollution, the spread of certain 

diseases, and alter community composition and biodiversity (Verdade et al. 2015). 

 

One biomaterial that is used to produce bioenergy is sugarcane residue, also known as sugarcane straw 

or trash. Sugarcane is one of the key crops used to produce bioenergy (Cherubin et al. 2019). It is there-

fore a useful example to get information about biomaterial used in bioenergy production. Using sugar-

cane residue to produce bioenergy can result in multiple social and environmental benefits. For example, 

it can reduce the environmental impacts of improper disposal of agricultural waste (Sindhu et al. 2016). 

The farmers would be able to generate an additional income when selling the residue instead of having 

to dispose of it. Further, it would help to generate jobs in rural areas, thus strengthening economic growth 

(Brazilian NR 2010). However, compared to other bioenergy sources like corn stover or switchgrass, 

sugarcane residue has a lower energy density. This implies that more sugarcane residue must be used to 

produce the same amount of energy, which can be more costly and difficult to handle logistically (Lu et 

al. 2016). 

 

The harvesting strategy of sugarcane determines the residue availability. There are generally two sugar-

cane harvesting methods: manual and mechanical harvesting. Previously, the sugarcane residue was 

mostly burnt as part of manual harvesting (Carvalho et al. 2017). After the fields were burnt, the sugar-

cane was harvested. It is the fastest harvesting method and does not require expensive cutting machines. 

No residue is left after the burning. Another form of manual harvest is leaving out the burning and 

directly harvest the green cane. This is more labour-intensive but does not involve the destruction of 

residue. There are some semi-mechanised methods, which use mechanical grab for the burnt or green 

cane loading (Pongpat et al. 2017). Another method that is becoming more prominent is mechanical 

harvesting, which uses machinery. Now, more and more farmers move towards green cane harvesting, 

which does not include burning the sugarcane residue. Rather, the sugarcane residue is a waste product, 

which is either left on the field or can be used to produce bioenergy (Bordonal et al. 2018). The change 

from burning sugarcane to mechanical harvesting might have influenced biodiversity. Residue manage-

ment may have an effect on biodiversity by altering the system and thus the conditions different plants 

and animals face. Ensuring that there is no or positive change in biodiversity when using sugarcane 

residue for energy production is important when aiming at sustainable bioenergy production. There are 

different ways to quantify biodiversity e.g. species abundance, richness and diversity (Menandro et al. 

2019; Souza et al. 2010; Semie et al. 2019). Which tool or indicator works best is context specific. 

Variation in the abundance of species can have an effect on the local variation in biodiversity (Blowes 

et al. 2022). 
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Brazil is the world's largest sugarcane producer (Cherubin et al. 2021) and therefore, most relevant to 

focus on when investigating sugarcane. It is therefore a sensible choice to focus on sugarcane in Brazil 

when studying residue management for bioenergy production. There is already knowledge on the effects 

the expansion of sugarcane and land use changes can have on biodiversity. Certain species threaten to 

go extinct due to habitat destruction that results from changing native vegetation to agricultural land 

(e.g. sugarcane fields) or changing from one agricultural practice to another (Andrade et al. 2020; Adami 

et al. 2012; Duden et al. 2020). There is, however, a lack of extensive studies focusing on changes in 

residue management and their effect on biodiversity. Different forms of residue management (e.g. leav-

ing residue or remove it) lead to changes in the local environment and the habitats it provides. Therefore, 

changes in biodiversity can be expected. There are regulations in place to reduce negative impacts on 

the environment and biodiversity, and ensure sustainable agricultural approaches (Frickmann Young 

2013). They are an important legal framework to ensure commitment to best practices in residue man-

agement, which will ultimately improve or maintain biodiversity. 

 

In this literature review, the scattered information about residue management will be gathered to gain 

new information and knowledge. The aim is to close the current knowledge gap and have a better un-

derstanding of the influence of residue management on biodiversity. Only once we understand the in-

fluence and the different effects of residue management on biodiversity, we can start to aim at reducing 

negative effects and opt for sustainable approaches of bioenergy production with regard to biodiversity.  

To achieve this, the following main research questions will be answered: 

How is biodiversity influenced by the residue management of sugarcane in Brazil? 

 

To answer the main question, two sub-questions will be discussed: 

- Which mechanisms and types of effects are involved when studying biodiversity regarding 

residue management? 

- Which residue management has which effects (positive, negative or neutral)? 

By answering these questions, potential threats to ecosystems and species can be identified, and the 

effects of current residue management strategies can be assessed. This information can be used to inform 

policy decisions and management strategies aimed at reducing negative impacts on biodiversity and 

preserving ecosystem health.  

 

To tackle these research questions, literature research is performed. Different mechanisms through 

which residue management can influence biodiversity will be discussed. From this, we will zoom into 

the changes in different taxonomic groups. Then, some information about the limitations of the study as 

well as a short overview of some important policies and agreements concerning sugarcane cultivation 

and residue management will be presented. In the final section, the research questions will be answered, 

certain recommendations for farming strategies will be given, and further study ideas will be stated. 
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2. Methods 

Literature research was performed with a focus on sugarcane in Brazil. Papers were searched in Google 

Scholar based on (different combinations of) the keywords “Brazil”, “sugarcane”, “biodiversity” and 

“straw removal”. Some papers from other countries were also included to be able to compare them to 

the residue management outcomes in Brazil. A targeted literature search was performed for these other 

countries based on countries mentioned in papers about sugarcane in Brazil.  

The papers were first selected based on the title. The title had to include most of the relevant keywords 

or provide specific information that was lacking in other papers. The keyword “sugarcane” had to be 

included in all papers. From the selected papers, the abstracts and conclusions were read, and if they 

sounded relevant regarding the research question, the whole paper was read and included in the literature 

review. Papers focusing on quantitative as well as qualitative impacts were included.  

The collected information from the papers included information on the geographic region as well as the 

taxonomic groups mentioned and the direction of impact. The direction can either be negative (reduced 

diversity due to residue removal), positive (increased diversity due to residue removal), neutral (no effect 

found), or both positive and negative depending on the intensity of the residue management, or more 

precisely, the amount of residue removed or left on the field. The method that was used to obtain the 

data and the measurement they used to determine biodiversity were also extracted.  

 

 

3. Results and Discussion 

3.1 Overview of found literature 

The gathered information is summarised in Table 1 (see Appendix). Here, only papers are included that 

mention which specific taxonomic groups are changing and the direction of the impact. Papers that only 

mention that there is a general biodiversity loss are excluded from the table. The impacts were studied 

in more detail in Sections 3.2 and 3.3 and are only summarised in the table. There is only a limited 

amount of literature available concerning the residue management of sugarcane in Brazil. 

There were two types of methods identified for Brazil: Papers about experiments that were performed 

investigating the effects of residue management on specific taxonomic groups (see Table 1 and 2) and 

literature reviews (Bordonal et al. 2018; Carvalho et al. 2017; Dinardo-Miranda and Fracasso 2013; 

Verdade et al. 2015). As seen in Table 2, most papers focus on sugarcane residue management in Brazil. 

There were also some papers where research was performed in other countries, such as Australia, China, 

Pakistan or India. The main focus of the papers was on soil microbes and on some arthropods, with 

limited literature available for nematodes. Papers looking at other taxonomic groups (e.g. mammals) 

were lacking. Literature on the effects of residue on plant species (excluding the sugarcane plant) is 

limited to indirect effects based on weed control (Adami et al. 2012; Da Silva et al. 2018). Most papers 

based their conclusions on fieldwork, which was sometimes extended with labwork to identify the sam-

ples. Biodiversity was measured as species richness, abundance or diversity. Figure 1 is a visual over-

view of the mechanisms and effects found in the different papers. The presented mechanisms are ex-

plained in Section 3.2, and the effects on the different taxonomic groups are discussed in Section 3.3. 
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Table 2: Summary of Table 1 with the exact number of papers found per category. 

Country Taxonomic 

group 

Impact Method used Biodiversity 

measure 

Australia = 1 

Brazil = 8 

China = 1 

India = 1 

Pakistan = 1 

Soil microbes = 9 

Nematodes = 2 

Arthropods = 4 

 

Negative = 5 

Positive and negative = 4 

Negative and neutral = 3 

Fieldwork = 5 

Fieldwork and 

labwork = 6 

Richness = 3 

Abundance = 9 

Diversity = 5 

 

 

Figure 1: Summary of the mechanisms and effects sugarcane residue has on biodiversity. The orange boxes represent the 

mechanisms and the other boxes the effects they have on specific taxonomic groups. The arrows show the relationships between 

mechanisms and effects.  

 

3.2 Mechanisms through which residue management influences biodiversity 

Changes in harvesting strategies and residue management 

Different studies found that soil microbial diversity depends on the harvesting strategy (Rachid et al. 

2013; Wallis et al. 2010). Sugarcane burning reduces the amount of available carbon, therefore possibly 

reducing the growth of microbes (Wallis et al. 2010). Leaving residue on the field rather than burning it 

increases the biomass of macrofauna and earthworms, in particular. They have an important role in car-

bon enrichment and therefore potentially influence the soil carbon pool (Razafimbelo et al. 2006). In the 

past, burning was the most commonly used harvesting strategy (Aguiar et al. 2011). Therefore, the soil 

and in general microbial diversity might still have to recover from this. Because of this, it is sometimes 

hard to evaluate whether leaving residue influences biodiversity or whether it is rather the lack of burn-

ing. There are three options when it comes to handling the residue: burning them, leaving them on the 

field, or (partially) removing them. Which residue management strategy is used depends on the harvest-

ing strategy. Since sugarcane harvesting is moving towards green cane harvesting, the effects of sugar-

cane burning are less extensively discussed in this review.  
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Physical presence of residue 

The presence of residue on the field can affect the germination, dormancy and mortality of certain weed 

seeds and therefore impact the composition of the weed community. Certain weeds are inhibited in their 

growth, while others benefit from the conditions provided by the residue (Carvalho et al. 2017). The 

general decrease in the efficiency of weed control increases the abundance of certain birds (Verdade et 

al. 2012). The different agricultural stages of the sugarcane do not influence the richness or abundance 

of bird species (Penteado et al. 2014). This could mean that the actual condition of the sugarcane field 

plays only a minor role when it comes to the diversity of bird species. The surroundings of the field and 

the farming techniques of adjacent fields might be more important. Nevertheless, leaving residue on the 

field might provide habitat for certain species, leading to a sort of domino effect on other species. Also, 

leaving residue on the field reduces variability in soil temperature and retains moisture due to less direct 

solar radiation on the soil (Menandro et al. 2019). This changes the environmental conditions that spe-

cies face. 

 

Fertiliser and herbicide usage 

If the sugarcane residue is left on the field, then less fertiliser is needed since the residue itself acts as a 

fertiliser (Cherubin et al. 2019). This would lead to fewer changes in soil composition and less pollution 

of water through artificial fertilisers. In a review by Bordonal et al. (2018), the authors show that efficient 

recycling of nitrogen (N) fertiliser might be expected in the future and that the amount of fertiliser can 

be reduced after some time when having residue on the field. Part of the nitrogen becomes immobile 

due to microorganisms. Nevertheless, sugarcane residue is an important source to sustain the nitrogen 

stock in the soil (Cherubin et al. 2019). Leaching of nitrogen is considered a minor problem (Filoso et 

al. 2015). Phosphorus (P) is another macronutrient that can be received from decomposing residue. The 

residue left on the field can lead to higher diversity and activity of certain microorganisms that are 

capable of converting organic phosphorus to a soluble form that is available to plants as well as to my-

corrhizal fungi (Cherubin et al. 2019). Potassium (K) can also be gained from sugarcane residue. Less 

potassium fertiliser is used when leaving the residue on the field. Additionally, potassium from the res-

idue is released slower than the potassium from fertilisers therefore leading to less potassium. Total 

residue removal may lead to double the amount of NPK-fertiliser used for sugarcane fields in the next 

25 years (Cherubin et al. 2019). So, even though fewer fertiliser is used when leaving the residue on the 

field, the residue increases the occurrence of macropores in the soil and therefore increase the risk of 

leaching (Pankhurst 2006). This might affect soil microbes and aquatic ecosystems negatively (Filoso 

et al. 2015).  

 

Additionally, if there is more residue on the fields, there is a higher herbicide runoff into the water for 

herbicides with a high water solubility (Trovato et al. 2020). This runoff might then affect plants close 

to the sugarcane fields. Regardless of the amount of residue on the field, a certain amount of herbicide 

can always reach the ground. The residue can act as a physical barrier, which obscures the herbicide 

from reaching the ground and therefore weed control becomes less effective (Da Silva et al. 2018). This 

would mean that to reduce the same amount of weed, more herbicide is needed, which then would also 

increase the amount of herbicide in the runoff water and thus have negative impacts also beyond the 

sugarcane fields.  

 

Soil properties 

The current land use changes (LUCs) influence soil properties such as its porosity, chemical quality and 

soil carbon stock, which impacts soil macrofauna diversity (Cherubin et al. 2021). The use of heavy 
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machinery in sugarcane fields compacts the soil and destroys habitats for soil microbes (Cherubin et al. 

2016). Considering that mechanical harvesting of green cane needs more heavy machinery compared to 

burning as part of the harvesting strategy, we might expect higher soil compaction, which might nega-

tively impact biodiversity. Additionally, total removal of residue increases soil compaction (Menandro 

et al. 2019). Removing sugarcane residue may also mean that heavy machinery has to be used to collect 

part of the residue. Soil tillage can reduce soil compaction in the short-term, but in the long-term it 

increases the risk of erosion and structural degradation (Cherubin et al. 2016). Therefore, soil compac-

tion should be minimised to avoid negative impacts on soil and biodiversity. 

 

3.3 Effects on taxonomic groups 

Soil microbes 

The amount of residue that is left on the field seems to be important when evaluating effects on biodi-

versity. Total removal of residue has negative impacts on the abundance of soil microbes (Morais et al. 

2019; Suleiman et al. 2018). Also, the composition of the soil microbe community changes depending 

on the residue management. In a short-term experiment performed by Rachid et al. (2016), a difference 

in the community composition of fungi depending on the amount of sugarcane residue on the field could 

be found. This is confirmed by Morais et al. (2019) who found reduction in the fungi abundance when 

all the residue was removed from the field. Fungi are very efficient at breaking down long and complex 

carbon chains, as are present in sugarcane. Fungi can therefore break down sugarcane and use it for their 

own growth (Rachid et al. 2016). When comparing these results from Brazil with results found in other 

countries, they largely match. A study performed in India for example found a positive influence on 

arbuscular mycorrhizal fungi (AMF) when residue was left on the field (Surendran et al. 2016). Another 

study performed in China found a higher diversity in the fungal community when the residue was left 

on the field while reducing soil-borne pathogens (Zhang et al. 2021). A study performed in Australia 

found a predatory fungus, which was only present in soil covered with residue (Stirling et al. 2005). This 

concludes that sugarcane residue seems to have a positive influence on fungal diversity. 

  

Residue also influences bacteria. The bacterial abundance was reduced when removing all the residue 

(Pimentel et al. 2019). This study was performed over a longer period and found an increase in the 

abundance of specialists when all the residue was removed. Importantly, they highlight that the compo-

sition of the residue is what determines the effects it has on the bacteria and ultimately which bacteria 

are how abundance. Moderate residue removal had no negative effect on the bacteria. However, another 

study found no effect on the bacterial community independent of the amount of residue on the field 

(Rachid et al. 2016). Since it was only a short-term experiment, there might have been a reduction in 

abundance, which was not captured, and maybe a decrease in diversity in the long term.  

 

The ideal amount of residue left on the field is at least 7 Mg ha^-1 of dry residue to ensure agronomic 

benefits (Carvalho et al. 2017). A residue removal of around 50% is said to result in the highest diversity 

of microbes (Pimentel et al. 2019). However, this number has to be used carefully, since the effect is soil 

and rainfall and therefore location specific (Carvalho et al. 2017). Changes in conditions caused by the 

physical presence of residue on the soil also influence microbe community composition. 

 

Nematodes 

Dinardo-Miranda and Fracasso (2013) did not observe any effects of residue on nematode. However, 

when considering the effect of residue on nematodes in Australia, Stirling et al. (2005) found some 
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effects. They found that having residue on the field increases the number of bacterial-feeding nematodes, 

while also increasing the population of bacteria and fungi. The number of plant parasitic nematodes was 

decreased. Comparing the findings from Brazil and Australia emphasises that not all nematodes behave 

the same, but also that there is still a knowledge gap when it comes to the diversity of nematodes but 

also on the further effects potential changes in their abundance might have on soil microbes. 

 

Arthropods  

When looking at ant species, more generalists were found when the residue was left on the field (Souza 

et al. 2010). Even though generally the ant diversity increased when the residue was left on the field, 

some ant species decreased in abundance, possibly due to unfavourable conditions and competition with 

other species. Certain ants are used as pest control (Souza et al. 2010). This would mean that leaving 

residue on the field has also a direct positive effect on the sugarcane plant itself, and therefore also 

positive effects on the yield and economic benefits for the farmers. The exact amount of sugarcane 

necessary to ensure the positive effect would have to be tested. Potentially, one could remove part of the 

residue for bioenergy production and still ensure ant biodiversity. The control of leaf-cutter ants might 

become less efficient because the residue on the field makes it harder to find their nests (Dinardo-Mi-

randa and Fracasso 2013). It will have to be a balancing of the positive and negative effects to find the 

best management strategy regarding ant diversity and abundance.  

 

Other arthropods have been studied concerning residue management, too. The root spittlebug for exam-

ple increased in abundance because the residue increases soil moisture, which favours root spittlebugs. 

They have now become a pest for the sugarcane plant. It might be sufficient to remove part of the residue 

and leave some on the field without having negative effects (Dinardo-Miranda and Fracasso 2013). The 

effects of residue removal could be seen stronger in clayey soil compared to sandy soil (Castro et al. 

2019). Another pest that is benefiting from residue on the field is the sugarcane weevil. The residue acts 

as a shelter and might therefore have a positive effect on the population abundance (Dinardo-Miranda 

and Fracasso 2013). Castro et al. (2019) found that removing residue does not influence the abundance 

of the sugarcane weevil but reduces the damage done to the sugarcane plant. They also concluded that 

residue removal is not a sufficient strategy to control the damage done by the root spittlebug and the 

sugarcane weevil. The sugarcane borer, which is another pest, is also more abundant now that burning 

is no longer used (Dinardo-Miranda and Fracasso 2013). Whether this is because of the residue or the 

lack of burning remains to be investigated. Some small increases in abundance due to the residue are 

however expected (Dinardo-Miranda and Fracasso 2013). Pest control of the giant sugarcane borer 

might be complicated by the residue on the field. The pest is currently controlled by the collection and 

removal of caterpillars and pupae. Finding them in the residue is more difficult (Dinardo-Miranda and 

Fracasso 2013). In general, it can be said that residue on the fields can lead to an increased abundance 

of certain pest species, which in turn requires more pesticides. The use of pesticides can have negative 

effects on animal health (Schiesari and Grillitsch 2011), which could then decrease animal abundance 

and ultimately lead to reduced biodiversity. 

 

A study performed in Pakistan found that better management strategies including leaving residue on the 

field improves the diversity of certain arthropods (Sajjad et al. 2016). Another study from Pakistan 

looked at the food chain. They found that negative effects on arthropods can have effects on the whole 

food chain including birds, amphibians and reptiles (Sajjad et al. 2012). Even though no corresponding 

study could be found for Brazil, similar effects can be expected. Disruption of one taxonomic group in 

a food chain can have effects on other species through trophic interactions (Thébault and Loreau 2006) 

thus potentially influencing biodiversity. 
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3.4 Limitations 

One major limitation is the limited amount of research done concerning the biodiversity impact of sug-

arcane residue management. Also, the available literature is skewed with a focus on soil microbes, nem-

atodes and arthropods. Even within these three groups, the availability and depth of the literature differ. 

While for arthropods specific species are investigated, for soil microbes the available information is 

often quite general. Pest species seem to be studied more extensively possibly also due to the economic 

interest in their reduction and management. Only very limited literature was available for nematodes. 

Further, there is a lack of literature focusing on larger animals such as mammals. Even though larger 

animals can travel larger distances and have bigger home ranges (Gheler-Costa et al. 2012), their pres-

ence has an influence on the whole food chain and on smaller animals. Also, there might be a lack of 

literature because there is no effect present in larger animals or because they were not studied exten-

sively. Additionally, studying larger animals might be of less importance since they might not directly 

influence the sugarcane plants and are therefore of less economic interest.  

Also, the majority of papers investigate residue management in Brazil, which leads to a limited geo-

graphical scope and spatial diversity. Another problem is that the switch from burning to green cane 

harvesting is still ongoing. This means that there are still some long-terms effects from the burning 

visible in green cane harvested fields, which makes differentiating of effects more difficult. The effects 

can be because of no more burning or because of the implemented residue management. Additionally, 

this review focuses only on biodiversity, which is one aspect of sustainability. To get a better under-

standing of sustainable approaches and management strategies, a more extensive literature research 

would be needed. This would allow adaptions and improvements to current residue management poli-

cies. 

 

3.5 Policy and regulatory framework 

Understanding the current regulatory framework concerning residue management helps to determine 

weaknesses and room for improvement, considering the current knowledge on the effects on biodiver-

sity. It determines how the information about residue management obtained in research is actually used 

and implemented in policies. In Brazil for example, there is a land use policy in place, which defines the 

expansion of sugarcane fields, called “Sugarcane Agroecological Zoning”, short AGZ. This document 

aims to regulate expansion and sustainable production of sugarcane (Manzatto et al. 2009). This is al-

ready an important step towards safekeeping current biodiversity and avoiding destruction and reduction 

of habitat. Changes in the habitat can lead to severe effects when it comes to species diversity. Sugarcane 

expansion led for example to a higher abundance of capybara, which play an important role in Brazilian 

spotted fever (Barros Ferraz et al. 2007; Labruna 2013). The overall dynamic of rodents changes, which 

are on one side prey for certain predators and on the other side reservoirs for certain diseases (Gheler-

Costa et al. 2012; Labruna 2013; Verdade et al. 2011). This emphasises the importance of having regu-

lations concerning the expansion of sugarcane. In 1995, the Green Protocol, a voluntary agreement, was 

signed by the government of the State of São Paulo, Brazil’s top sugarcane-producing state, and 

UNICA’s associated mills to end burning sugarcane as part of the harvesting process (SugarCane.org 

2021) and to move towards sustainable approaches (Frickmann Young 2013). Another organisation, 

which includes different actors involved in the sugarcane production chain (e.g. farmers, millers, traders, 

buyers and certain organisations) is Bonsucro. It focuses on sustainable sugarcane production, reduction 

of greenhouse gas emissions and reduction of water usage (Bonsucro 2024). These are all important 

policies when it comes to the sugarcane sector as a whole. Understanding these shows that the sugarcane 

sector is moving towards more sustainable solutions.  
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When it comes to regulations specifically related to residue management of sugarcane cultivation, they 

are mentioned in the National Policy on Solid Waste (NPSW) (Brazilian NR 2010). There it is mentioned 

that “recyclable and reusable solid waste” should be considered as an economic asset. Further, environ-

mental quality should be protected, and waste should be reduced, reused or recycled if possible. This 

should ultimately lead to a circular economy regarding solid waste management. Mancini et al. (2021) 

discuss in their paper the challenges and opportunities faced by Brazil when aiming at a circular econ-

omy. Logistics as well as research could be improved to guarantee a circular economy, which benefits 

everyone. Additional focus should be set on reducing pesticide usage through controlled and local usage 

or the development of resistant crops. It would be important to further inform the farmers about the 

possible waste management practices and the resulting benefits. Better logistics within the country 

would facilitate a circular economy and benefit farmers, energy producers, energy users and ultimately 

the environment and its biodiversity.  

 

 

4. Conclusion 

Removal of residue can influence biodiversity through several mechanisms. The physical presence of 

the residue affects the weed community and the usage of fertilisers and herbicides changes. The soil 

changes as well through processes such as soil compaction. The observed effects on biodiversity of 

leaving sugarcane residue on the field compared to removing them were mostly positive. For soil mi-

crobes, leaving at least a certain amount of residue on the field has a positive influence (Morais et al. 

2019; Suleiman et al. 2018; Menandro et al. 2019). Also, the diversity of ant species increased when 

there was residue present (Souza et al. 2010). Additionally, the abundance of certain pest species in-

creased (Dinardo-Miranda and Fracasso 2013). The effects on nematodes are not clear since positive, 

negative and neutral effects were observed (Dinardo-Miranda and Fracasso 2013; Stirling et al. 2005). 

The different mechanisms and effects are summarised in Figure 1 (Section 3.1). 

  

The current regulatory framework shows that the sugarcane sector is aiming to reach sustainable solu-

tions, which will aid to safeguard biodiversity. There are certain steps that can be taken to avoid or 

minimise bad effects that might occur when removing residue from the fields. Some of these would 

solve some of the mentioned problems, while others try a different approach. A first step would be to 

only remove part of the residue, which would not reduce the beneficial effects of residue on biodiversity 

and still allow part of the residue to be used for bioenergy production (Cherubin et al. 2016). Another 

step would be to implement precision farming techniques. Using sensors, GPS, and data analytics, this 

method precisely customises inputs to meet the requirements of individual plants or crops. This would 

reduce the unnecessary use of pesticides as well as optimise the use of land by allowing simultaneous 

cultivation of food crops and crops for bioenergy production (Soyombo et al. 2024). It would also allow 

to assess the optimal amount of residue on the field to reduce any excessive fertiliser usage. Agroforestry 

could also improve biodiversity through the simultaneous cultivation of trees, food and bioenergy crops 

(Soyombo et al. 2024). This would increase the diversity of the landscape and ultimately lead to a higher 

niche availability and therefore to an increased biodiversity by reducing monoculture and enhancing a 

more diverse flora and fauna. Even though this is not directly linked to residue management, it would 

allow animals to use the newly created habitats and therefore compensate for any potential habitat loss 

due to the removal of residue. By implementing one of these strategies, biodiversity might be increased, 

and possibly a greater part of the residue can be used to produce bioenergy with limited negative impacts. 

This would however have to be tested in a future study. Especially since the actual amount of residue 

necessary to reach the maximal biodiversity is site-specific (Carvalho et al. 2017). Therefore, further 

investigation of the different factors that play a role such as soil composition, rainfall, or temperature 
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will allow a more detailed calculation of the necessary amount of residue on the field to maintain or 

increase biodiversity. Further studies should be performed on a larger scale and over a longer period of 

time including soil microbiota as well as plants, animals and aquatic systems. This would allow us to 

determine the effects of residue more precisely and would also ensure that using a certain amount of 

residue to produce bioenergy is a sustainable approach regarding biodiversity.  

 

 

5. Publication bibliography 

Adami, Marcos; Rudorff, Bernardo Friedrich Theodor; Freitas, Ramon Morais; Aguiar, Daniel Alves; 

Sugawara, Luciana Miura; Mello, Marcio Pupin (2012): Remote Sensing Time Series to Evaluate Di-

rect Land Use Change of Recent Expanded Sugarcane Crop in Brazil. In Sustainability 4 (4), pp. 574–

585. DOI: 10.3390/su4040574. 

Aguiar, Daniel Alves; Rudorff, Bernardo Friedrich Theodor; Silva, Wagner Fernando; Adami, Marcos; 

Mello, Marcio Pupin (2011): Remote Sensing Images in Support of Environmental Protocol: Monitor-

ing the Sugarcane Harvest in São Paulo State, Brazil. In Remote Sensing 3 (12), pp. 2682–2703. DOI: 

10.3390/rs3122682. 

Andrade, Milton A. U. de; Maxwell, Sean L.; Watson, James E. M. (2020): Renewed threats to Brazil-

ian biodiversity from sugarcane. In Frontiers in Ecology and the Environment 18 (4), pp. 178–180. 

Available online at https://www.jstor.org/stable/26986217. 

Barros Ferraz, Katia Maria P. M. de; Barros Ferraz, Silvio F. de; Moreira, José Roberto; Couto, Hilton 

Thadeu Z.; Verdade, Luciano M. (2007): Capybara (Hydrochoerus hydrochaeris ) distribution in 

agroecosystems: a cross‐scale habitat analysis. In Journal of Biogeography 34 (2), pp. 223–230. DOI: 

10.1111/j.1365-2699.2006.01568.x. 

Blowes, Shane A.; Daskalova, Gergana N.; Dornelas, Maria; Engel, Thore; Gotelli, Nicholas J.; Ma-

gurran, Anne E. et al. (2022): Local biodiversity change reflects interactions among changing abun-

dance, evenness, and richness. In Ecology 103 (12), e3820. DOI: 10.1002/ecy.3820. 

Bonsucro (2024): Bonsucro - The global platform for sustainable sugarcane. Available online at 

https://bonsucro.com/, updated on 5/17/2024, checked on 6/7/2024. 

Bordonal, Ricardo de Oliveira; Carvalho, João Luís Nunes; Lal, Rattan; Figueiredo, Eduardo Barretto 

de; Oliveira, Bruna Gonçalves de; La Scala, Newton (2018): Sustainability of sugarcane production in 

Brazil. A review. In Agron. Sustain. Dev. 38 (2), pp. 1–23. DOI: 10.1007/s13593-018-0490-x. 

Brazilian NR (2010): Law No.12305 - Brazilian National Policy on Solid Waste. Available online at 

https://braziliannr.com/brazilian-environmental-legislation/law-no-12305-brazilian-national-policy-

solid-waste/, updated on 6/3/2024, checked on 6/3/2024. 

Carvalho, João Luís Nunes; Nogueirol, Roberta Corrêa; Menandro, Lauren Maine Santos; Bordonal, 

Ricardo de Oliveira; Borges, Clovis Daniel; Cantarella, Heitor; Franco, Henrique C. Junqueira (2017): 

Agronomic and environmental implications of sugarcane straw removal: a major review. In GCB Bio-

energy 9 (7), pp. 1181–1195. DOI: 10.1111/gcbb.12410. 

Castro, Sérgio Gustavo Quassi de; Dinardo-Miranda, Leila Luci; Fracasso, Juliano Vilela; Bordonal, 

Ricardo Oliveira; Menandro, Lauren Maine Santos; Franco, Henrique Coutinho Junqueira; Carvalho, 

João Luís Nunes (2019): Changes in Soil Pest Populations Caused by Sugarcane Straw Removal in 

Brazil. In Bioenerg. Res. 12 (4), pp. 878–887. DOI: 10.1007/s12155-019-10019-4. 



 

15 
 

Cherubin, Maurício R.; Karlen, Douglas L.; Franco, André L.C.; Tormena, Cássio A.; Cerri, Carlos 

E.P.; Davies, Christian A.; Cerri, Carlos C. (2016): Soil physical quality response to sugarcane expan-

sion in Brazil. In Geoderma 267, pp. 156–168. DOI: 10.1016/j.geoderma.2016.01.004. 

Cherubin, Maurício R.; Lisboa, Izaias P.; Silva, Aijânio G. B.; Varanda, Letícia L.; Bordonal, Ricardo 

O.; Carvalho, João L. N. et al. (2019): Sugarcane Straw Removal: Implications to Soil Fertility and 

Fertilizer Demand in Brazil. In Bioenerg. Res. 12 (4), pp. 888–900. DOI: 10.1007/s12155-019-10021-

w. 

Cherubin, Maurício Roberto; Carvalho, João Luís Nunes; Cerri, Carlos Eduardo Pellegrino; Nogueira, 

Luiz Augusto Horta; Souza, Glaucia Mendes; Cantarella, Heitor (2021): Land Use and Management 

Effects on Sustainable Sugarcane-Derived Bioenergy. In Land 10 (1), p. 72. DOI: 

10.3390/land10010072. 

Da Silva, Gustavo Soares; Silva, André Felipe Moreira; Mendes, Kassio Ferreira; Pimpinato, Rodrigo 

Floriano; Tornisielo, Valdemar Luiz (2018): Influence of Sugarcane Straw on Aminocyclopyrachlor 

Leaching in a Green-Cane Harvesting System. In Water Air Soil Pollut 229 (5), pp. 1–7. DOI: 

10.1007/s11270-018-3818-x. 

Dinardo-Miranda, Leila Luci; Fracasso, Juliano Vilela (2013): Sugarcane straw and the populations of 

pests and nematodes. In Sci. agric. (Piracicaba, Braz.) 70 (5), pp. 305–310. DOI: 10.1590/S0103-

90162013000500012. 

Duden, A. S.; Verweij, P. A.; Faaij, A.P.C.; Baisero, D.; Rondinini, C.; van der Hilst, F. (2020): Biodi-

versity Impacts of Increased Ethanol Production in Brazil. In Land 9 (1), p. 12. DOI: 

10.3390/land9010012. 

Energy.gov (2024): Bioenergy Basics. Available online at https://www.energy.gov/eere/bioenergy/bio-

energy-basics, updated on 6/4/2024, checked on 6/4/2024. 

Filoso, Solange; Carmo, Janaina Braga do; Mardegan, Sílvia Fernanda; Lins, Silvia Rafaela Machado; 

Gomes, Taciana Figueiredo; Martinelli, Luiz Antonio (2015): Reassessing the environmental impacts 

of sugarcane ethanol production in Brazil to help meet sustainability goals. In Renewable and Sustain-

able Energy Reviews 52, pp. 1847–1856. DOI: 10.1016/j.rser.2015.08.012. 

Frickmann Young, Carlos Eduardo (2013): Green Economy Policies in Brazil: Challenges and Oppor-

tunities. In Revista del CESLA. International Latin American Studies Review (16), pp. 261–277. Avail-

able online at https://cejsh.icm.edu.pl/cejsh/element/bwmeta1.element.desklight-14a80c9c-ec81-4a8b-

bf96-d803b7633985. 

Gheler-Costa, Carla; Vettorazzi, Carlos Alberto; Pardini, Renata; Verdade, Luciano Martins (2012): 

The distribution and abundance of small mammals in agroecosystems of southeastern Brazil. In mam-

malia 76 (2). DOI: 10.1515/mammalia-2011-0109. 

Guddaraddi, Apoorva; Singh, Anita; G, Amrutha; Saikanth, D. R. K.; Kurmi, Ramkishor; Singh, Gu-

rinder et al. (2023): Sustainable Biofuel Production from Agricultural Residues an Eco-Friendly Ap-

proach: A Review. In IJECC 13 (10), pp. 2905–2914. DOI: 10.9734/ijecc/2023/v13i102956. 

Labruna, Marcelo B. (2013): Brazilian Spotted Fever: The Role of Capybaras. In : Capybara : biology, 

use and conservation of an exceptional neotropical species,, pp. 371–383. Available online at 

https://link.springer.com/chapter/10.1007/978-1-4614-4000-0_23. 

Lu, H.; Liang, M.; Mu, Z.; Tippayawong, N. (2016): Environmental and economic sustainability of 

bioenergy production from sweet sorghum bagasse and sugarcane residues in China. In Energies 9 

(11), p. 920. 

Mancini, Sandro Donnini; Medeiros, Gerson Araújo de; Paes, Michel Xocaira; Oliveira, Benone 

Otávio Souza de; Antunes, Maria Lúcia Pereira; Souza, Ricardo Gabbay de et al. (2021): Circular 



 

16 
 

Economy and Solid Waste Management: Challenges and Opportunities in Brazil. In Circ.Econ.Sust. 1 

(1), pp. 261–282. DOI: 10.1007/s43615-021-00031-2. 

Manzatto, Celso Vainer; Eduardo Delgado Assad; Jesus Fernando Mansilla Bacca; Maria José Zaroni; 

Sandro Eduardo Marschhausen Pereira (2009): Zoneamento Agroecológico da Cana-de Açúcar Ex-

pandir a produção, preservar a vida, garantir o futuro. Available online at https://www.re-

searchgate.net/publication/301624955_Zoneamento_Agroecologico_da_Cana-de_Acucar_Ex-

pandir_a_producao_preservar_a_vida_garantir_o_futuro. 

Menandro, Lauren Maine Santos; Moraes, Luana Oliveira de; Borges, Clovis Daniel; Cherubin, 

Maurício Roberto; Castioni, Guilherme Adalberto; Carvalho, João Luís Nunes (2019): Soil 

Macrofauna Responses to Sugarcane Straw Removal for Bioenergy Production. In Bioenerg. Res. 12 

(4), pp. 944–957. DOI: 10.1007/s12155-019-10053-2. 

Morais, Maristela C.; Ferrari, Beatriz M.; Borges, Clovis D.; Cherubin, Maurício R.; Tsai, Siu Mui; 

Cerri, Carlos C. et al. (2019): Does Sugarcane Straw Removal Change the Abundance of Soil Mi-

crobes? In Bioenerg. Res. 12 (4), pp. 901–908. DOI: 10.1007/s12155-019-10018-5. 

Penteado, Marli; Silva, Wesley R.; Verdade, Luciano M. (2014): Point Counts Method for Bird Sur-

veys in Agroecosystems of the State of São Paulo, Southeastern Brazil. In Maria Carolina Lyra-Jorge, 

Carlos I. Piña, Luciano M. Verdade (Eds.): Applied Ecology and Human Dimensions in Biological 

Conservation: Springer, Berlin, Heidelberg (Biomedical and Life Sciences (Springer-11642)), pp. 149–

158. Available online at https://link.springer.com/chapter/10.1007/978-3-642-54751-5_10. 

Pimentel, Laisa G.; Gumiere, Thiago; Oliveira, Dener M. S.; Cherubin, Maurício R.; Andreote, Fer-

nando D.; Cerri, Carlos E. P.; Cerri, Carlos C. (2019): Soil Bacterial Community Changes in Sugar-

cane Fields Under Straw Removal in Brazil. In Bioenerg. Res. 12 (4), pp. 830–842. DOI: 

10.1007/s12155-019-10010-z. 

Pongpat, Patcharaporn; Gheewala, Shabbir H.; Silalertruksa, Thapat (2017): An assessment of harvest-

ing practices of sugarcane in the central region of Thailand. In Journal of Cleaner Production 142, 

pp. 1138–1147. DOI: 10.1016/j.jclepro.2016.07.178. 

Rachid, C. T. C. C.; Pires, C. A.; Leite, D. C. A.; Coutinho, H. L. C.; Peixoto, R. S.; Rosado, A. S. et 

al. (2016): Sugarcane trash levels in soil affects the fungi but not bacteria in a short-term field experi-

ment. In Brazilian journal of microbiology : [publication of the Brazilian Society for Microbiology] 47 

(2), pp. 322–326. DOI: 10.1016/j.bjm.2016.01.010. 

Rachid, Caio T. C. C.; Santos, Adriana L.; Piccolo, Marisa C.; Balieiro, Fabiano C.; Coutinho, Heitor 

L. C.; Peixoto, Raquel S. et al. (2013): Effect of sugarcane burning or green harvest methods on the 

Brazilian Cerrado soil bacterial community structure. In PLOS ONE 8 (3), e59342. DOI: 10.1371/jour-

nal.pone.0059342. 

Razafimbelo, Tantely; Barthès, Bernard; Larré-Larrouy, Marie-Christine; Luca, Edgar F. de; Laurent, 

Jean-Yves; Cerri, Carlos C.; Feller, Christian (2006): Effect of sugarcane residue management (mulch-

ing versus burning) on organic matter in a clayey Oxisol from southern Brazil. In Agriculture, Ecosys-

tems & Environment 115 (1-4), pp. 285–289. DOI: 10.1016/j.agee.2005.12.014. 

Sajjad, Asif; Bhutto, Abdul Rasheed; Imran, Asad; Makhdum, Arif Hamid (2016): Impact of Better 

Management Practices on Farmland Biodiversity Associated with Sugarcane Crop (7). Available 

online at https://www.researchgate.net/profile/asif-sajjad-2/publication/301805421_impact_of_bet-

ter_management_practices_on_farmland_biodiversity_associated_with_sugarcane_crop. 

Sajjad, Asif; Farhan Ahmad; Arif Hameed Makhdoom; Asad Imran (2012): Does Trash Burning Harm 

Arthropod Biodiversity in Sugarcane? In International Journal of Agriculture and Biology 14 (6), 

pp. 1021–1023. Available online at https://www.researchgate.net/profile/asif-sajjad-2/publica-

tion/286316799_does_trash_burning_harm_arthropod_biodiversity_in_sugarcane. 



 

17 
 

Schiesari, Luis; Grillitsch, Britta (2011): Pesticides meet megadiversity in the expansion of biofuel 

crops. In Frontiers in Ecol & Environ 9 (4), pp. 215–221. DOI: 10.1890/090139. 

Semie, Tilahun K.; Silalertruksa, Thapat; Gheewala, Shabbir H. (2019): The impact of sugarcane pro-

duction on biodiversity related to land use change in Ethiopia. In Global Ecology and Conservation 

18, e00650. DOI: 10.1016/j.gecco.2019.e00650. 

Sindhu, Raveendran; Gnansounou, Edgard; Binod, Parameswaran; Pandey, Ashok (2016): Bioconver-

sion of sugarcane crop residue for value added products – An overview. In Renewable Energy 98, 

pp. 203–215. DOI: 10.1016/j.renene.2016.02.057. 

Souza, Débora Rodrigues de; Stingel, Erich; Almeida, Luiz Carlos de; Munhae, Catarina Bortoli; 

Mayhé-Nunes, Antonio J.; Bueno, Odair Correa; Castro Morini, Maria Santina de (2010): Ant diver-

sity in a sugarcane culture without the use of straw burning in southeast, são paulo, Brazil. In 1557-

4989. Available online at https://repositorio.unesp.br/items/fd7befc1-58d8-47db-9f1e-c789f20d6f74. 

Soyombo, Oluwatobi Timothy; Mhlongo, Noluthando Zamanjomane; Nwankwo, Ekene Ezinwa; 

Scholastica, Uzondu Chikodiri (2024): Bioenergy and sustainable agriculture: A review of synergies 

and potential conflicts. In Int. J. Sci. Res. Arch. 11 (1), pp. 2082–2092. DOI: 

10.30574/ijsra.2024.11.1.0277. 

Stirling, G. R.; Wilson, E. J.; Stirling, A. M.; Pankhurst, C. E.; Moody, P. W.; Bell, M. J.; Halpin, N. 

(2005): Amendments of sugarcane trash induce suppressiveness to plant-parasitic nematodes in a sug-

arcane soil. In Australasian Plant Pathology 34 (2), p. 203. DOI: 10.1071/AP05022. 

SugarCane.org (2021): Initiatives - SugarCane. Available online at https://www.sugarcane.org/sustain-

ability-the-brazilian-experience/initiatives/, updated on 5/20/2021, checked on 6/7/2024. 

Suleiman, Afnan Khalil Ahmad; Lourenço, Késia Silva; Pitombo, Leonardo Machado; Mendes, Lucas 

William; Roesch, Luiz Fernando Wurdig; Pijl, Agata et al. (2018): Recycling organic residues in agri-

culture impacts soil-borne microbial community structure, function and N2O emissions. In The Sci-

ence of the total environment 631-632, pp. 1089–1099. DOI: 10.1016/j.scitotenv.2018.03.116. 

Surendran, U.; Ramesh, V.; Jayakumar, M.; Marimuthu, S.; Sridevi, G. (2016): Improved sugarcane 

productivity with tillage and trash management practices in semi arid tropical agro ecosystem in India. 

In Soil and Tillage Research 158, pp. 10–21. DOI: 10.1016/j.still.2015.10.009. 

Thébault, Elisa; Loreau, Michel (2006): The relationship between biodiversity and ecosystem func-

tioning in food webs. In Ecol Res 21 (1), pp. 17–25. DOI: 10.1007/s11284-005-0127-9. 

TROVATO, V. W.; PORTILHO, I. I. R.; BARIZON, R. R. M.; SCORZA JUNIOR, R. P. (2020): Herb-

icide runoff from a soil with different levels of sugarcane straw coverage in Brazil. In 2317-9643. 

Available online at https://www.alice.cnptia.embrapa.br/alice/handle/doc/1124363. 

Verdade, Luciano M.; Gheler-Costa, Carla; Penteado, Marli; Dotta, Graziela (2012): The Impacts of 

Sugarcane Expansion on Wildlife in the State of Sao Paulo, Brazil. In JSBS 02 (04), pp. 138–144. 

DOI: 10.4236/jsbs.2012.24020. 

Verdade, Luciano M.; Piña, Carlos I.; Rosalino, Luís Miguel (2015): Biofuels and biodiversity: Chal-

lenges and opportunities. In Environmental Development 15, pp. 64–78. DOI: 10.1016/j.en-

vdev.2015.05.003. 

Verdade, Luciano M.; Rosalino, Luís Miguel; Gheler-Costa, Carla; Pedroso, Nuno M.; Lyra-Jorge, 

Maria Carolina (2011): Chapter I - Adaptation of mesocarnivores (Mammalia: Carnivora) to agricul-

tural landscapes of Mediterranean Europe and Southeastern Brazil:: a trophic perspective. Available 

online at https://www.semanticscholar.org/paper/Chapter-I-Adaptation-of-mesocarnivores-(Mamma-

lia%3A-a-Verdade-Rosalino/351db0037ca5028e99bcdab62fc1983c8c92aad3. 



 

18 
 

Wallis, P. D.; Haynes, R. J.; Hunter, C. H.; Morris, C. D. (2010): Effect of land use and management 

on soil bacterial biodiversity as measured by PCR-DGGE. In Applied Soil Ecology 46 (1), pp. 147–

150. DOI: 10.1016/j.apsoil.2010.06.006. 

Zhang, Caifang; Lin, Zhaoli; Que, Youxiong; Fallah, Nyumah; Tayyab, Muhammad; Li, Shiyan et al. 

(2021): Straw retention efficiently improves fungal communities and functions in the fallow ecosys-

tem. In BMC Microbiol 21 (1), p. 52. DOI: 10.1186/s12866-021-02115-3. 

 

 

6. Appendix 

Table 1: Summary of the papers that mention specific taxonomic groups and their effects. 

Reference Coun-

try 

Taxonomic 

groups 

Impact of 

residue re-

moval 

Method 

used 

Biodiversity meas-

ure 

(Castro et al. 

2019) 

Brazil Arthropods (pests) Negative 

and 

neutral  

Fieldwork Abundance  

(Dinardo-Mi-

randa and Fra-

casso 2013) 

Brazil Soil microbes, 

nematodes and ar-

thropods (pests) 

 

Negative 

and 

neutral 

Review -  

(Menandro et 

al. 2019) 

Brazil Soil microbes Negative Fieldwork Abundance, rich-

ness, diversity 

(Shannon’s index) 

(Morais et al. 

2019) 

Brazil Soil microbes Negative Fieldwork 

and labwork 

Abundance 

(Pimentel et al. 

2019) 

Brazil Soil microbes Negative 

and positive 

Fieldwork 

and labwork 

Abundance  

(Rachid et al. 

2016) 

Brazil Soil microbes Negative 

and neutral 

Fieldwork 

and labwork 

Abundance 

(Sajjad et al. 

2016) 

Paki-

stan 

Arthropods 

 

Negative Fieldwork Abundance, rich-

ness and 

diversity (Shannon-

Wiener 

index and Simpson 

Index) 

(Souza et al. 

2010) 

Brazil Arthropods Negative 

and positive 

Fieldwork Abundance, rich-

ness and diversity 

(Shannon’s indexes 

of biodiversity and 

evenness) 

(Stirling et al. 

2005) 

Aus-

tralia 

Soil microbes, 

nematodes 

Positive and 

negative 

Fieldwork Abundance  

(Suleiman et al. 

2018) 

Brazil Soil microbes Negative Fieldwork 

and labwork 

Diversity (Shan-

non’s and Simpson 

index) 

(Surendran et 

al. 2016) 

India Soil microbes Negative Fieldwork 

and labwork 

Abundance 

(Zhang et al. 

2021) 

China Soil microbes Positive and 

negative 

Fieldwork 

and labwork 

Diversity (Shan-

non’s index) 

 


