
Revista Ibero- Americana de Humanidades, Ciências e Educação- REASE      

 
 

Revista Ibero-Americana de Humanidades, Ciências e Educação. São Paulo, v.9.n.06. jun. 2023. 
ISSN - 2675 – 3375 

 

1 

 
 
 

doi.org/10.51891/rease.v9i6.9830 
 
 

ALLELOPATHY AND FIRE CYCLE IN BRAZILIAN CERRADO  
 

 

 
Antônio Zenon Antunes Teixeira1 

 
 
ABSTRACT: Allelopathy refers to the effect of biochemical interactions from one plant to 
another plant including inhibitory and stimulatory effects. The products, 
allelochemicals are highly toxic, and the production of these compounds not only can 
be stimulated by plants and microorganism, but also by environment factors e.g. water 
stress, nutrient deficiency and temperature where these conditions are commonly 
found in the cerrado enviroment. Cerrado region is rich of plants which produce 
secondary metabolite, especially phenolic compounds and numerous vegetations have 
been investigated of their inhibitory effects on other crops developments. It is known 
that allelopathy is a key process regulating plant regeneration in many world 
ecosystems including savanna/cerrado. The interest of allelopathic study in shrub 
ecosystems rises as a result of inadequate natural regeneration and reduced growth of 
planted seedlings that has been attributed to the release of allelochemicals by 
herbaceous vegetation. Fires, whether they are natural or human made, are a common 
characteristic of this biome and its presence is considered to be an important ecological 
factor and responsible for regulating species diversity. Following fire, the negative 
effects of allelochemicals are removed or reduced. However, numerous ecological 
factors of cerrado have been associated with seedling survival, not only caused by 
plant toxin, but also low soil fertility, low water, temperatures and animal predation. 
This paper reviews the presence of cerrado vegetation that launched toxic compounds 
and their allelopathic effects on other plants, the presence of savanna fire and post-
fire ecological impacts. In general, the main objective of this paper is to point out the 
allelopathy and fire-related impacts to provide us to solve ecological issues concerning 
to the sustainable development of the cerrado. 
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INTRODUCTION 

Allelopathy reveals how plants use secondary metabolite products to stress the 

neighboring plants.  The products are called allelochemicals that can be present in 

roots, leaves, seeds, flowers, rhizomes, stems and pollen of plants and the delivery of 

chemical effect into plant receiver is often occurs through root exudation, 

volatilisation, leaching or decomposition of residues (Inderjit & Dakshini, 1994). Rice 

(1984) classified allelochemicals produced by higher plants and microorganism into 

numerous categories: water soluble organic acid, straight chain alcohols, aliphatic 

aldehydes and ketones; simple unsaturated lactones; long-chain fatty acids and 

polyacetylenes; phenolic, benzoic acid and its derivatives; cinnamic acid and its 

derivatives; quinines (benzoquinone, anthraquinone and complex quinines); 

flavonoids; tannins; terpenoids and stereoids, amino acids; alkaloids and 

cyanohydrins; sulfuret; purines and nucleotides. The biosynthetic pathways of 

allelopathic substances are shown in Fig. 1.  

 
Figure 1 – The biosynthetic pathways of allelopathic substances  Source: Li et al., (2010) 
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These secondary metabolites in plants have been investigated by 

phytochemists and classified as waste products and play an important role in shaping 

interactions and communities (Li et al. 2010). In agro ecosystem, these compounds 

have harmful effects on the growth of associated and next-season crops (Rice, 1984) 

and in forest ecosystem allelochemicals can inhibit the growth of competing 

vegetation (Ridenour & Callaway, 2001). The action of allelochemicals can be divided 

into indirect and direct action. Indirect action may include the effect on alteration of 

soil property, its nutrition and an altered population and activity of harmful or 

beneficial organism like microorganism (Rizvi et al., 1992) while direct action includes 

the effects of allelochemicals on various aspects of plant growth and metabolism. Rice 

(1984) stated that in most cases, these compounds inhibit at higher concentration and 

stimulate at smaller ones. The main locations and processes known to be attacked by 

allelochemicals are cytology and ultrastructure, phytohormones and their balance, 

membrane and its permeability, germination of pollens/spores, respiration, protein 

synthesis, pigment synthesis and photosynthesis, nitrogen fixation and enzyme 

activity.   

A classic example of allelopathy is the allelochemical of Black walnut 

tree (Juglans nigra). The tree produces the allelochemical juglone (5-OH-1,4-

naphthoquinone),  when exposed to the air or soil components, this compound is 

immediately transformed into the oxidized and highly toxic form (Thakur & 

Cahalan, 2011). Crist  and Sherf (1973) confirmed the numbers of plants  walnut 

sensitive  are  tomato,  potato,  pea,  apple, cucumber,  watermelon,  bean,  garden  

cress,  corn  and many ornamental ericaceous species such as  rhododendron  and  azalea. 

The physiology and mechanism of the action of Juglone also have been done and 

demonstrated that the allelochemical Juglone inhibits plant growth by reducing leaf 

photosynthesis, transpiration, stomatal conductance and leaf/root respiration in 

soybean and corn (Jose & Gillespie, 1998). The chemical also known as an inducer of 

oxidative stress on growth and development of maize seedlings (Sytykiewicz, 2011), 

reduced chlorophyll a,b content and decreased some anatomical structures such as 

stomata and xylem vessel on growth cucumber seedling (Terzi et al., 2003). 
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Brazilian cerrado is considered to be a biome extremely complex that provides 

a great potential for the use of its biodiversity. The cerrado is a vast tropical savanna 

region of Brazil that represents approximately 23% of the country land (± 2 million 

km2). According to Sano et al. (2008), the cerrado occupy portion central of Brazil 

including states of Bahia, Goiás, Mato Grosso do Sul, Mato Grosso, Maranhão, Minas 

Gerais, Paraná, São Paulo, Tocantins and District Federal.  Mendonça et al. (2008) 

listed the total vascular flora of the cerrado were 12,356 species and represented 

between 20 – 50% of the total of the Brazilian species. The herbaceous sub-shrub 

species in this region represents 57% whereas 43% was the endemic plants (Mendoça 

et al., 2008; Klink & Machado, 2005). 

The cerrado soil is acid, nutrient-poor and high content of aluminum. The 

clime is hot and semi humid with rain season (October – April) and dry season (May 

– September). There is a great variation of trees and herbaceous vegetation in the 

cerrado formation: gassland savanna, savanna and seasonal florest (Ribeiro et al., 

1983). During dry season, the lands are exposed to fire either by a natural fire or by 

human-made. In the last decades, the fire frequency has been increased due to the 

increase of agriculture and pasture. Along with seasonal rains and less nutrients in the 

soil, the fire has given an importance ecological impact in determining the structure 

of the vegetations (Moreira, 2000).   

According to Einhelling (1996), a production of allelochemicals can be 

stimulated either by plants and microorganism or by environment factors e.g. water 

stress, nutrient deficiency and temperature commonly found in the cerrado nature 

(Oliveira et al., 2004a). In ecosystems with a high frequency of fires, allelochemicals 

can indeed be a consequence of physical damage caused by fire or a strategy to reduce 

the proliferation of large quantities of fuelwood near the donor plant. Allelochemicals 

are chemical compounds produced by plants that can influence the growth and 

development of other organisms in their environment, including neighboring plants. 

Following a fire, plants may suffer physical damage such as leaf scorching or even 

complete burning. This physical damage can trigger the release of allelochemicals as 

a defense response. The allelochemicals released by the damaged plants can have 

various effects on other plants in the ecosystem. They may inhibit the germination or 
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growth of nearby plants, acting as a form of chemical competition. This can help 

reduce the competition for resources such as sunlight, water, and nutrients, allowing 

the damaged plant to recover and regrow more efficiently after the fire. Additionally, 

in fire-prone ecosystems, the presence of large quantities of fuelwood near the donor 

plant can pose a significant risk. Fuelwood refers to dead plant material, such as fallen 

branches, twigs, and leaves, that can fuel the spread of fire. By producing 

allelochemicals, the donor plant can potentially reduce the accumulation of fuelwood 

in its immediate vicinity. The allelochemicals released by the plant may inhibit the 

growth or decomposition of dead plant material, slowing down the accumulation of 

fuelwood and reducing the risk of intense fires in the area. Therefore, allelochemicals 

in ecosystems with high fire frequency can be a consequence of physical damage 

caused by fire and serve as a strategy to reduce the proliferation of large quantities of 

fuelwood near the donor plant. These chemical compounds play a role in plant 

defense, competition, and fire management in fire-prone ecosystems. (Williamson et 

al., 1992). Mallik (2003) affirmed that fire is an important factor in reducing the 

concentration of allelochemicals in forest soils, burning through the humus and litter 

high concentrations of growth inhibitors. The main objective of this paper is to discuss 

the allelopathic and its fire-related impacts in cerrado community in order to provide 

us to solve ecological issues concerning to the sustainable development of the region. 

ALLELOPATHIC ACTIVITIES IN BRAZILIAN CERRADO ECOSYSTEMS  

Allelopathy is a key process regulating plant regeneration in many world 

ecosystems. In forest ecosystems, allelochemicals produced by invasive plants can 

inhibit the growth of competing vegetation, thereby providing the invader with a 

competitive advantage (Li et al., 2010). The interest of allelopathic study in forest 

ecosystems rises as a result of inadequate natural regeneration and reduced growth of 

planted seedlings that has been attributed to the release of allelochemicals by 

herbaceous vegetation (Kruse, 2000). For instance, phenolic allelochemicals of 

ericaceous plants have been associated to the regeneration failure of conifers in boreal 

and temperate forests (Mallik, 2003). By forming protein-phenol complexes, the 

allelochemicals cause a further reduction of available nitrogen causing a soil nutrient 
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imbalance. In Brazilian cerrado ecosystems, many studies of allelopathy have focused 

on invasive species and plants for agriculture interest or on identifying and isolating 

chemical substances with potential use as herbicides. A number of plants have been 

investigated more or less thoroughly for allelopathic activity towards cultivated plants 

(Table 1).  

Table 1. Allelopathic potential of various plants species in cerrado ecosystem 
Species Family Fraction of 

plants extract 
/leachates 

Allelopathic effect References 

Shrubs     
Andira humilis 
Mart. 

Fabaceae leaf, stem germination and growth 
of Lactuca sativa L., 
Raphanus sativus L. and 
Sesamum  indicum L. 

Periotto et al. 
(2004); 
Menezes et al. 
(2008) 

Aristolochia 
esperanzae O. 
Kuntze 
 

Aristolochiacea
e 

leaf, root seedling growth of 
Raphanus sativus L., 
Sesamum  indicum L. and 
Triticum aestivum L. 

Gatti et al. 
(2004, 2010); 
Jatoba (2010) 

Campomanesia 
adamantium Camb. 

Myrtaceae leaf root growth of Sesamum  
indicum L. 

Borghetti et al. 
(2005) 

Davilla elliptica St. 
Hil. 

Dilleniaceae leaf germination of Lactuca 
sativa L.  

Gatti (2008) 

Diospyros hispida 
A.D. 

Ebenaceae leaf germination of Lactuca 
sativa L., Sesamum 
indicum L. (strong 
inhibition on dry 
season) 

Gatti (2008) 

Miconia albicans 
(Sw.) Triana 

Melastomatace
ae 

leaf germination and root 
growth of Cucumis 
sativus L, Lycopersicum 
esculentum Mill., Lactuca 
sativa L., Sesamum 
indicum L. 

Gorla and 
Perez (1997); 
Gatti (2008) 
 

Schefflera vinosa 
(Cham. & 
Schltdl.) Frodin 

Araliaceae leaf germination of Lactuca 
sativa L., Sesamum 
indicum L. 

Gatti (2008) 

Solanum lycocarpum 
St. Hil. 

Solanaceae seed 
 
leaf, fruit 
 
 

germination of Cosmos 
sulphureus Cav. 
germination, shoot/root 
growth of Sesamum 
indicum L., 
protein synthesis of 
Sesamum indicum L. 

Borghetti, 
Pessoa (1997);  
Oliveira et al. 
(2004ab); Aires 
et al. (2005); 
Jeronimo et al. 
(2005) 

Trembleya 
parviflora (D.Don) 
Cogn 

Melastomatace
ae 

leaf root  development of 
Sesamum  indicum L. 

Borghetti et al. 
(2005) 

Herbaceous     
Brachiaria 
decumbens Stapf. 

Poaceae leaf 
 
 
 

initial growth of Glycine 
maxL., Lactuca sativa L., 
Zea mays L., Euphorbia 
heterophylla L. and grass 

Maciel et al. 
(2003); Ramos 
& Valente 
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shoot, root 

(Phalaris canariensisL., 
Melinis minutiflora P. 
Beauv.) 
 
germination of Cajanus 
cajan L. Millsp. 

(1997); Barbosa 
(2008) 
 
 
 
Fagioli et al. 
(1997) 

Pennisetum 
americanum (L.) 
Leeke] 
 

Poaceae leaf germination, 
mycorrhizal 
colonization and initial 
growth of Zea mays L., 
Glycine max L. and 
Phaseolus vulgaris L. 

Faria et al. 
(2009) 

Pyrostegia venusta 
(Ker Gawl.)Miers  

Bignoniaceae leaf main root length and 
number of secondary 
root of Cucumis sativus 
L.  

Silva et al. 
(2011) 

Stizolobium 
aterrimum Piper & 
Tracy 

Fabaceae leaf germination, 
mycorrhizal 
colonization and initial 
growth of Zea mays L., 
Glycine max L. and 
Phaseolus vulgaris L. 

Faria et al. 
(2009) 

Trees     
Anadenthera 
macrocarpa 
(Benth.)  
 

Fabaceae leaf germination of Brassica 
chinensis L., Lactuca 
sativa L. 

Silva et al. 
(2010) 

Astronium 
graveolens Jacq. 

Anacardiaceae leaf germination of Brassica 
chinensis L. and Lactuca 
sativa L. 

Silva et al. 
(2010) 

Caryocar 
brasiliensis Camb. 
 

Caryocaraceae leaf germination and initial 
growth of  Biden pilosa 
L., weed (Digitaria 
horizontalis Willd,, 
Melinis minutiflora P. 
Beauv.), Panicum 
maximum Jacq. vr. and 
Zea mays L. 

Aires (2007); 
Moreira et al. 
(2009) 

Copaifera 
langsdorffii Desf. 

Fabaceae leaf, stem,  
soil below the 
canopy 

germinanation and root 
development of Lactuca 
sativa L. 

Santana (2006); 
Silva et al. 
(2012) 

Eugenia dysenterica 
Mart. Ex. DC. 
 

Myrtaceae leaf germination and initial 
growth of  Biden pilosa 
L., weed (Digitaria 
horizontalis Willd,, 
Melinis minutiflora P. 
Beauv.), and culture 
crops ( Zea mays L., 
Sesamum indicum L.) 

Aires (2007); 
Gatti et al. 
(2005) 

Kielmeyera 
coriaceae Mart. 

Cluciaceae leaf germination of Lactuca 
sativa L., Sesamum 
indicum L. 

Gatti (2008) 

Magonia pubescens 
St. Hil.  

Sapindaceae seed layer germination and initial 
growth of Cucumis 

Alves & 
Teixeira (2012) 
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 sativus L. 
Ouratea spectabilis 
(mart.) Engl. 

Ochnaceae leaf germination of Latuca 
sativa L. 

Silva et al. 
(2006) 

Piptocarpha 
rotundifolia 
( Less.) Baker 

Asteraceae leaf germination of Lactuca 
sativa L., Sesamum 
indicum L. 

Gatti (2008) 

Pouteria ramiflora 
(Mart.) Radlk. 

Sapotaceae leaf germination of Latuca 
sativa L. 

Silva et al. 
(2006) 

Qualea grandiflora 
Mart. 

Vochysiaceae leaf germination of Latuca 
sativa L. 

Felippe (1990); 
Silva et al. 
(2006) 

Qualea parviflora 
Mart. 

Vochysiaceae leaf germination and initial 
growth of  Biden pilosa 
L., weed (Digitaria 
horizontalis Willd,, 
Melinis minutiflora P. 
Beauv.) and Zea mays L. 

Aires (2007) 

Stryphnodendron 
adstringens (Mart.) 
Coville 

Fabaceae leaf germination and 
development of Latuca 
sativa, Cucumis sativus L,  
Lycopersicum esculentum 
Mill. 

Barreiro et al. 
(2005); Silva et 
al. (2006); 
Manoel et al. 
(2009) 

 
1. Allelopathic effects studied 
 

The Fabaceaes, so far, are the plants family most studied including cerrado 

shrubs, herbaceous and trees.  Stryphnodendron adstringens (Mart.) Coville is a cerrado 

trees that are widely distributed in state of Pará and Mato Grosso do Sul (Barreiro et 

al., 2005). Allelochemicals agents present on the tree are tannins, alkaloids, flavonoids, 

(Simões et al., 1999) where the bark has a tendency for higher production of tannins 

in the warm and wet season (Santos et al., (2006). Other Fabaceae, Brachiaria 

decumbens Stapf. have a great competitive ability over cerrado herbaceous species and 

are considered the most threatening invasive plants in the community (Zaidan e 

Carreira, 2008). This fact brought up to study the possibility of the plants to have 

allelopathic effects (Maciel et al., 2003; Ramos & Valente, 1997; Barbosa, 2008; Fagioli 

et al.,1997). One of shrub species studied is Aristolochia esperanzae O. Kuntze that 

produced allelochemicals terpenoides, lignoides, alkaloid and phenol derivatives 

(Lopes & Bolzani, 1988). The leaf and root extracts demonstrated a significant 

reduction in the size of  root xylem cells and in the primary root of Sesamum indicum 

(Gatti et al., 2010),  Lactuca sativa (lettuce), Raphanus sativus (radish) seedlings (Gatti 

et al., 2004) and on the initial growth of Triticum aestivum L. Jatoba (2012). The 

majority reported results are inhibition effect on seed germination, effects on 
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coleoptile elongation and on radicle, shoot and root growth. Few studies have been 

directed to the effects on plants physiologies and structures such as the effect of 

alkaloid and phenol derivative of Solanum lycocarpum St. Hil., a common native shrub 

in cerrado on protein synthesis (Jeronimo et al., 2005).  It may be due to the complexity 

of allelopathic interaction based on plant physiology whereas seedlings growth is 

generally considered to be the most susceptible stages. The authors demonstrated the 

allelochemical effect on the changes in protein turnover. Protein homogenates were 

prepared from root and shoot parts after 48 hours of incubation both in water and in 

the extract at 1%. Six hours before protein extraction 35S-methionine (about 30 

µCi/seedling) was applied on the root hairs. The proteins were dissolved in a modified 

Laemmli buffer (Tris 80mM, SDS 2%, β-mercaptoethanol 2%, pH 6.8), centrifuged at 

10000 rpm/10 min and the supernatant stored at -18°C. The protein samples (20 µg per 

lane) were run in a SDS-PAGE gel electrophoresis at 50 mA. After, the gels were 

stained in coomassie blue, dried and exposed to kodak t-mat films for up to seven days.  

2. Identification and isolation of allelochemicals 

Allelochemicals are released into the environment through root exudation, 

volatilisation, leaves and residue decomposition. Though, most studies were 

developed through the screening of fraction of plant extracts or leachates (mostly from 

leaf) for their effects on seed germination of various crops such as cucumber, sesame 

seed, tomato, lettuce, wheat, etc. Several laboratory experiements used organic 

solvents for identification and isolation of chemical substances such as ethanol (Silva, 

2010, 2006), hexane (Silva, 2006, 2011), chloroform, ethyl acetate (Silva, 2006; Oliveira 

2012). For example, laboratory experiment showed that the acetyl acetate leaves 

extracts of Solanum lycocarpum provided stronger allelopathic activity on root 

inhibition of receptor plants (Oliveira, 2012). However, according to Inderjit & 

Dakshini (1995), to obtain ecologically relevant data, the use of organic solvents is not 

recommended. Moreover, an experiment with natural soil collected beneath the 

canopy of suspected plants can provide the best evidence for the release of phytotoxic 

chemicals (Silva, 2012).  
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3. The concentration of allelochemicals released 

Allelochemicals are released and added to the soil over a time period and also 

continually removed and/or immobilised from the soil solution by plant uptake, 

adsorption to soil particles, and degradation by microorganisms (Kruse, 2000). 

However, the actual release rate of allelochemicals from living plants may be difficult 

to be estimated. The main factors that can alter the rate of production the allelopathic 

compounds consequently the release compounds are seasonality and plants maturity 

stages. For instance, the aqueous extracts of plants leaves (Davilla elliptica St. Hil., 

Diospyros hispida A.D., Kielmeyera coriacea Mart., Miconia albicans (Sw.) Triana and 

Schefflera vinosa Cham. & Schltdl. Frodin) collected at dry season registered greater 

inhibition rate on Lactuca sativa L. seedling than leaves collected at rain season (Gatti, 

2008). The allelopathic effect of leachates of young leaves of Andira humilis Mart. on 

germination and root growth of Sesamum indicum L. were beyond to the leachates of 

mature leaves (Menezes et al., 2008). The allelopathic effect in soil is influenced by 

factors such as soil pH, organic matter content, nutrient and moisture content (Kruse, 

2000). Therefore, to observe the actual release of the allelochemicals, the laboratory 

experiment could be designed by comparing the allelopathic effect of aqueous plants 

extract and soil samples collected under the canopy. 

4. Allelopathy and competition  

The allelopathic effects are depended on the release of a chemical plant in the 

environment, whereas competition involve removal or reduction of an environmental 

factor such as water, minerals, light, etc. (Rice, 1974). Primarily, to justify the 

existence of allelopathy plants can be noticed by field investigation or by observing 

the growth inhibition zones around and beneath the plants where neighboring plants 

are suppressed (Inderjit, Callaway, 2003). Field observations by Periotto et al. (2004) 

suggested to hypothesize that there might be allelopathic effect of Andira humilis Mart. 

on other plant species, since this species form homogenous groups and undermines 

the establishment of other. However, bare zone can be also misleading.  Weidenhamer 

et al. (1989) pointed out that separating allelopathic effect from resource competition 

would give better understanding. The authors demonstrated experimentally that 
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allelopathy and resource competition can be distinguished by the density-dependent 

test. Rech et al. (?) observed the presence of competition resource between Fabaceae 

trees and the neighbor plants. Copaifera langdorffii Desf. (Fabaceaes family) grow in 

the biome, and the soil collected below the canopy of the trees proved to have 

allelopathic effect on Lactuca sativa (Silva et al., 2012). 

5. Research point of view  

Nevertheless, to our knowledge there is scarcity of information relating to 

allelopathic interaction by higher plants and their understory components in this 

community. 

 
 

 

Figure 2 and 3. The leaves and fruit of Solanum lycocarpum St. Hil. (left) and the leaves of Aristolochia 
esperanzae O. Kuntze (right). The pictures were taken in Uruaçu, north region of Goiás, Brazil. 

 
 

  
 
Figure 4 and 5. The tree of Stryphnodendron adstringens (Mart.) Coville (left) and the fruit of Magonia 
pubescens St. Hil. (right). The pictures were taken in Uruaçu, north region of Goiás, Brazil. 
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Cerrado fire cycle  

Fire is a common characteristic of the savanna. Its presence is more frequent 

than any other biome and is considered to be an important ecological factor in cerrado 

ecosystems. Charcoal fragments found in the soil of cerrado around Brasilia, were 

evidence that fire was already present in this area at least 1200 years before the arrival 

of the Portuguese discoverers (Mutch, 2003). Fires often break out during a dry season, 

but may also commonly occur in the transition from the dry and rainy seasons when 

lightning is prevalent.  

The pattern of soil temperatures in cerrado is not different from other savannas 

ecosystems, where about 97% of burnt matter belongs to the ground layer vegetation, 

mainly grasses (Ramos, 2003). Cerrados like any other savannas are typically dry and 

are prone to accumulations of highly volatile fuels. The distribution of trees and 

woody elements, featuring the savannas allows the arrival of sunlight at ground level 

and promotes the development of abundant herbaceous layer forming grassy. These 

grasses have their leaves and floral parts desiccated in the dry season in the periods of 

May to September. This material is thin and dry to form a highly flammable fuel 

(Pivello, 2009).  When the lightning is prevalent, the lightening bolt strikes a tree 

trunk, then the smoke rises from woody fuel, hit the grasses and the fire begins. 

However, today in many areas, the fires happen at a yearly caused by pasture 

management though, natural fires are also regularly present in places like Emas 

National Park and Chapada dos Guimares Park. Fires in the area of Emas National 

Park can be categorized into: natural fires caused by lightning and anthropogenic 

factors (accidental and intentional). In the period 1995 to 2003, no report the incidence 

of lightning storm during dry season (June – August), but the incidence frequently 

occurred during the months from September to February (França et al., 2007).  

At an earlier time, in cerrado biome, a natural fire regime was linked to a native 

plant Vellozia flavicans (Canela-de-ema) (Fig. 6). The plant is a flammable resin rich 

and was assumed to burn naturally under the strong sun in the periods of drought. 

Pinto et al. (1996) experimented the 2,6% hexane extract of V.  flavicans root, steam 

and leaf and demonstrated that they contain diterpenes resin acidic. The terpenes fit 
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into the fire cycle, since they are hydrocarbon in nature and are rapidly volatilized and 

burn off the soil (Harborne, 2003). During dry season, the sun reflects its beam in the 

quartz crystal that is abundant in the region then the light will heat a spot in 

the Canela-de-ema to provoke a natural fire on a regular basis every five years. 

According to the field observation, another plant named Bavichia vergilioides (semente 

de sucupira) which is abundant in the cerrado region, rich in natural oils and burn 

easily, could be one of the fuel materials to help the spread the fire. 

 
 
Fig. 6.  Vellozia flavicans (Canela-de-ema), a native plant, a flammable resin rich. Picture was drawn in 
the field of  Goiás, Brasil. 

Post-fire impacts  

Coutinho (1982) confirmed that frequent fire favors the maintenance and 

expansion of savanna formations. Burning causes modification in plant structure and 

in competition of species.  

Burning causes qualitative and quantitative modifications in plant community 

structure (Souza & Soares, 1983; Eiten & Sambuichi, 1996), in the timing and intensity 

of flowering (Coutinho, 1982), in population dynamics (Raw & Hay, 1985) and in the 

competitivity of species (Viro, 1974), making it possible to select plants with 

protective structures against fire. 

Species Family  Fire effect  

Heteropterys 
pteropetala(Adr. Juss.) 

Malpighiaceae  seed affected by early fire Schmidt et al. 
(2005) 

Kielmeyera coriaceae 
Mart. 

Cluciaceae  seed germinated within 
two weeks following the 
burning 

Cirne & 
Miranda (2008) 
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Diospyros hispida A.D. Ebenaceae  found more  in burned 
area than unburned area in 
reserved area of cerrado 
(51:33 individual) 

Lucena et al. 
(2008) 

Qualea parviflora Mart. Vochysiaceae  burned area produced 
more flowers and fruits 

Palermo & 
Miranda (2012) 

Schefflera vinosa 
(Cham. & Schltdl.) 
Frodin 

Araliaceae  no difference in 
population observed 
before and after fire 

simposium 

Nutrient transfer 

Fires, whether they are natural or human made, give importance ecological 

impacts to cerrado. The fires alter the cycling of nutrients, physical, moisture, and 

characteristics of the soil. There is an acceleration of remineralization on biomass and 

nutrients transfer to the soil surface in the ash deposits. During the combustion 

process, several previously bound nutrients are released in their elemental or radical 

form. Cations (positive ions) are stable at typical combustion temperatures and 

remain onsite after burning in the form of ash, when the ash form are leached into the 

soil, they exchange with H+ ions, resulting increase in H+ ions in solution and increase 

the pH of the soil. The higher pH elevates the nutrient cycling of diverse elements 

critical for plant germinating and growth, including nitrogen and phosphorus (British 

Columbia, 2004). However, during a fire not all of the nutrients be transferred to the 

soil surface in the ash deposits, great volume of it are exported to the atmosphere. 

Fortunately, the nutrient volume exported to the atmosphere will returns back 

through precipitation processes in three or a little more years. (Continho, 1980). 

Changes in vegetation structure and physiognomy 

Miranda & Sato (2005) stated that cerrado fires can result in major changes in 

structure and floristic composition. However, the impacts of fire on plants are 

dependent on fire frequency, periodicity and intensity. These variables are dependent 

on abiotic factors such as incidence of lightning strikes and seasonal temperature and 

precipitation patterns, as well as on certain biotic factors, the plants themselves 

(Williamson et al., 1992). Fires in cerrado do not cause direct deaths for the established 

woody plants. Many of the native herbs in shrub lands are adapted specifically to the  
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fire cycle and can survive high intensity fires with their germination being enhanced 

various fire effects such as heat and charcoal (Keeley, 1991). With regard to the flora 

of herbaceous component, studies have shown high resistance to fire and drought, 

given the types of morphologic and physiologic, and some plants are annuals, 

developing during the rainy season and most are perennial underground organs as 

having rhizomes, bulbs and xilopodes that can re-sprout after the fire (Filgueiras, 

2002).  

Vegetation re-sprouting and flower blooming  

Many plant species seem to be favorable by fire for reproduction and flower 

blooming within a few days or weeks after fire. Stryphnodendron adstringens (Mart.) 

Coville is a good example of this incredible regenerative capacity. In the 

herbaceous/subshrub, it needs a few days to resume underground organs to sprout, 

many of its species re-sprouting start with the production of flowers. This stimulus 

or floral induction is due to complete elimination of the aerial parts of plants that 

makes them flourish (Jancoski, 2010). 

Seed dispersion and germination 

Seed of herbaceous and shrub species may germinate readily upon wetting and 

incubation in the beginning of rain season. In other species, all or portion of the seeds 

will not germinate unless they receive some particular treatment. Under natural 

conditions seed of these species may lie dormant in the soil until exposed to 

temperatures sufficient to stimulate germination (Keeley & Keeley, 1989). This may 

occur on site devoid of shrubs where soil temperatures can exceed 70oC (Christensen 

& Muller, 1975) or on burned sites. An example of the germination response to heat 

was examined by Cirne & Miranda (2008) on native cerrado vegetation in Brazil, 

Kielmeyera coriacea (Clusiaceae) fruit. After a long period of maturation, lasting most 

of the subsequent dry season, the fruits are totally open and the seeds can be easily 

detached and dispersed by wind in synchrony with the beginning of the rains (Ribeiro 

et al., 1985; Cirne & Miranda, 2008). The result showed that the fruit collected before 
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the fire did not germinate, on the other hand, on the prescribed fire, most fruits opened  

 

within two weeks following the burning and 70% of them germinated. By eliminating 

the dry grass that accumulates on the ground, the fire helps the spread of these species, 

therefore, removes the weed which prevents or hinds the movement of seeds. There 

are species in which the head of the seeds is impermeable to water. The sudden and 

rapid temperature rise in a fire can cause the appearance of cracks in the seed coat and 

thus make it permeable, favoring their germination (Jancoski, 2010). Cirne & Miranda 

(2008) also stated that fruit opening on post-fire may occur due to the exposure to the 

high temperatures that kill living tissues resulting in desiccation and subsequent 

rending of the fruit structure (Cirne & Miranda, 2008).  

Removal of allelopathic compounds 

Despite the impacts of high temperatures, high rates of germination can also 

be achieved by inactivation of inhibitors of germination and/or by the release of 

chemical compounds necessary for this process. Cerrado is rich of plants which 

produce secondary metabolite especially phenolic compounds, the group of flavonoids, 

quercetin and rhamnose. These compounds increase concentration of inhibitory factor 

in the soil that impedes the germination and plant growth. Many phenolic compounds 

also form recalcitrant complexes with soil organic nitrogen reducing the nitrogen 

accessibility to vascular plants.  Therefore, the phenol-regulated accumulation of 

humus and the reduction of nitrogen available for plants inhibit tree seedling 

establishment and growth (Keech et al., 2005). Muller (1968) stated that in the 

California chaparral, the leaves of mature Adenostoma fasciculatum 

(Chamise or Greasewood) shrub produce toxin on their surfaces that are leached of 

the foliage that allelopathically inhibit the germination of herb seed. When fire 

removes the shrub canopy the herb seeds are released from the inhibitory effect of the 

allelopathic chemicals. Pietikainen et al. (2000) and Keech et al. (2005) affirmed that 

fire-produced charcoal is able to regulate soil phenolic compounds released by E. 

hermaphroditum in the European boreal forests.  
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DISCUSSION 

Allelopathy interaction between higher plants or understory components in the cerrado 

Complicatedly, the ecological effect of cerrado is characterized by fire, either 

natural or intentional. The existence of some species that tolerate or are dependent on 

fire is further evidence that fire has been a major ecological factor in this ecosystem. 

Post-fire impacts reported in this biome were nutrient transfer, changes in vegetation 

structure and physiognomy, vegetation re-sprouting, flower blooming and seed 

dispersion (Miranda & Sato, 2005; Filgueiras, 2002; Jaconski, 2010; Cirne & Miranda, 

2008).  However, to our knowledge, no study has been referred directly to fire-related 

impacts on removal of allelochemical concentration from the soil of this community.   

Several studies were done in the California chaparral where fires occur with a 

frequency of once every 10-40 years (Muller et al., 1968, Christensen and Muller, 1975, 

Keeley and Keeley, 1989). The condition of the soil ….. (compared to cerrado, find 

similarity). The dense shrubland is dominated by Adenostoma fasciculatum.  

Christensen and Muller (1975) performed experiment of allelopathy and post fire 

effects. A fire occurring often cause the denature of allelopathic compounds, resulting 

in a plentiful herbaceous plants appeared during the first growing season in A. 

faciculatum stand. Under laboratory testing, the aqueous A. fasciculatum leaf (rich of 

phenolic compound) demonstrated a strong inhibition effect on four species: Lactuca 

serriola, Centaurea melitensis, Cryptantha intermedia, and Erigeron divergens. Field 

observations were done during the study periods showed that these four species 

inhibited by A. fasciculatum were never found under the shrub cover while they 

germinated or produced new sprout in the first and second years following the fire, in 

the burned chaparral area. Similar result was obtained following the artificial clearing 

site. Other factors such as changes of soil moisture, soil texture, and light had little 

direct effect on postfire germination and growth. However, Keeley & Keeley (1989) 

confirmed that there is lack of evidences that allelochemicals provide an important 

role in canopy regeneration and suggested that seed dormancy is the primary factor in 

the early post-fire succession.   

Allelochemicals are released to the soil over a time period and also continually 

removed from the soil solution by plant uptake, adsorption to soil particles, and 
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degradation by microorganisms (Cheng 1995, Kruse, 2000). The actual release rate of 

allelochemicals from living plants may be difficult to calculate but the estimation of 

chemical concentration removed by fire might be performed.  

Regarding to an understanding that fire has been a major force in maintaining 

the characteristic structure and composition of the cerrado ecosystem, therefore, the 

need of fire management implication is an urgent. An intentional controlled fire can 

be set within a restricted area, with heat intensity and fire spread to meet the 

management objectives. Ramos (2003) suggested that different strategies have to be 

applied to establish an appropriate fire regime by maintaining size, rotation and 

burnings techniques. 

CONCLUSION 

Studies demonstrated that many vegetations of cerrado region produced 

allelochemicals. The compounds present in roots, leaves, seeds, flowers, rhizomes, 

stems and pollen of plants pollute the soil and can influence the growth of other plants 

or its understory. Many authors confirmed that fire regime whether natural or human-

made plays a key role to remove the allelochemicals effects from the soil. Fire 

produced charcoal, is able to regulate soil phenolic compounds released by toxic herbs. 

However, it is still difficult to point out that allelopathy is the most responsible factor 

for seedling survival and plants regeneration on cerrado vegetation. More work is 

needed on post-fire impacts that refer to allelopathic plant and their competitors in 

this biome. 

REFERENCES  

AIRES SS, Ferreira AG, Borghetti F. Efeito alelopático de folhas e frutos de Solanum 
lycocarpum A. St.-Hil. (Solanaceae) na germinação e crescimento de Sesamun 
indicum L. (Pedaliaceae) em solo sob três temperaturas. Acta Bot. Bras. 2005; 19(2):339-
344. 

ALVES MC, Teixeira AZA. The Effect of Hydrophilic Gel from the Second Layer 
of Tingui (Magonia pubescens St. Hil.) Seed on Germination and Early Development 
of Cucumber (Cucumis sativus L.). Estudos dos Biologia, 2012. 

BARBOSA EG, Pivello VR, Meirelles ST. Allelopathic evidence in Brachiaria 
decumbens  and its potential to invade the Brazilian Cerrados. Braz. arch. biol. Technol. 
2008; 51(4):825-831. 



Revista Ibero- Americana de Humanidades, Ciências e Educação- REASE      
 
 
 

 
Revista Ibero-Americana de Humanidades, Ciências e Educação. São Paulo, v.9.n.06. jun. 2023. 

ISSN - 2675 – 3375 
 

19 

BARREIRO AP, Delachiave MEA, Souza F. Efeito alelopático de extratos de parte 
aérea de barbatimão [Stryphnodendron adstringens (Mart.)Coville] na germinação e 
desenvolvimento da plântula de pepino. Rev Bras Pl Med. 2005; 8(1):4-8. 

BORGHETTI F, Pessoa DMA. Autotoxicidade e alelopatia em sementes de Solanum 
lycocarpum St. Hil.(Solanaceae). Pp. 54-58. In: L.L. Leite & C.H. Saito (orgs.). 
Contribuição ao conhecimento ecológico do cerrado. Editora da UnB, Brasília, DF. 
1997. 

BORGHETTI F, Silva LCR, Pinheiro JD, Varella BB, Ferreira AG. Aqueous leaf 
extract of cerrado species in Central Brazil. Proceedings of the 4th World Congresso 
n Allelopathy, Australia: Harper, 2005. 

BRITISH Columbia, Ministry of Agriculture, Food and Fisheries. Fire effects on soil. 
2004. Available on: 
http://www.agf.gov.bc.ca/range/publications/documents/fire2.pdf. 

CHOU CH, Muller CH. Allelopathic mechanisms of Arctostaphylos glandulosa var. 
zacaensis. American Midland Naturalist. 1972; 88:324-347. 

CHRISTENSEN NL, Muller CH. Effects of fire on factors controlling plant growth 
in Adenostoma chaparral. Ecological Monographs. 1975; 45:29-55. 

CIRNE P, Miranda HS. Effects of prescribed fires on the survival and release of seeds 
of Kielmeyera coriacea (Spr.) Mart. (Clusiaceae) in savannas of Central Brazil. Braz. J. 
Plant Physiol. 2008; 20(3):197-204. 

COUTINHO LM. As queimadas e seu papel ecológico. Brasil Florestal. 1980; 44:7-23. 

CRIST CR, Sherf AF. Walnut wilt. Cornell University, Horticulture Extension, 
Bulletin, Ithaca, NY, 1973. 

EINHELLIG, F.A. Interaction involving allelopathy in cropsystems. Agronomy 
Journal. 1996; 88: 886-893. 

FAGIOLI M, Rodrigues TJD, Almeida ARP, Alves PLCA. Efeito inhibitório da 
Brachiaria decumbens Stapf. Prain. e B. brizantha (Hochst Ex A. Rich.) Stapf. Cv. 
Marandu sobre a germinação e vigor de semente de guandu (Cajanus cajan (L.) Millsp.) 
B. Industr.anim., N. Odessa. 2000; 57(2):129-137. 

FARIA TM, Junior FGG, Sá ME, Cassiolato AMR. Efeitos alelopáticos de extratos 
vegetais na germinação, colonização micorrízica e crescimento inicial de milho, soja e 
feijão. R. Bras. Ci. Solo, 33:1625-1633, 2009.  

FILGUEIRAS TS. Herbaceous plant communities. In: PS Oliveira, RJ Marquis ed. 
The Cerrados of Brazil: ecology and natural history of neotropical savanna. New 
York: Columbia University Press, 2002, p.121-139. 

FRANÇA H, Neto MBR, Setzer A. O Fogo no Parque Nacional das Emas. 
BIODIVERSITAS. 2007, 140 pp. 

FRANK, JR. Influence of horsenettle  (Solanum carolinense) on snapbean  (Phaseolus 
vulgaris). Weed Science. 1990; 38:220-223. 



Revista Ibero- Americana de Humanidades, Ciências e Educação- REASE      
 
 
 

 
Revista Ibero-Americana de Humanidades, Ciências e Educação. São Paulo, v.9.n.06. jun. 2023. 

ISSN - 2675 – 3375 
 

20 

GATTI AB, Ferreira AG, Arduin M, Perez SCGA. Allelopathic effects of aqueous 
extracts of Artistolochia esperanzae O.Kuntze on development of Sesamum indicum L. 
seedlings. Acta bot. bras.  2010; 24(2):454-461.  

GATTI AB, Perez SCJGA, Lima MIS. Atividade Alelopática de extratos aquosos de 
Aristolochia esperanzae O. Ktze na germinação e crescimento de  Lactuca sativa L. e 
Raphanus sativus L. Acta bot. bras. 2004; 18:459-472. 

GÜNTNER C, Gonzales A, Reis R, Gonzales G, Vazquez A, Ferreira A. Effect of 
Solanum glicoalkaloids on potato aphid Macrosiphum euphorbiae. Journal of Chemical 
Ecology. 1997; 23(6):1651-1659. 

HANAWALT RB. Inhibition of annual plants by Arctostaphylos. In: Biochemical 
interactions among plants. Washington DC: National Academy of Sciences. 1971, 
p.33-38. 

HARBORNE JB. Introduction to ecological biochemistry. 4ed. UK: Elsevier, 2003. 

Inderjit & Dakshini, K.M.M. 1994. Allelopathic effect of Pluchea lanceolata 
(Asteraceae) on characteristics of four soils and tomato and mustard growth. 
American Journal of Botany 81: 799-804. 

JANCOSKI HS. Efeito do fogo sobre a vegetação arbórea e herbácea em campo de 
Murundus no parque estadual do Araguaia-MT. Dissertação de Mestrado, 
Universidade de Brasília, 2010. 

JATOBA LJ. Compostos com potencial alelopático em Aristolochia esperanzae O. 
Kuntze. Dissertação de Mestrado, UFSCar, 2012. 

JERONIMO  CA, Borghetti F, Sa CM. Allelopathic effect of Solanum 
lycocarpum leaf extract on protein synthesis in sesame seedlings. The Regional 
Institute Ltd., 4th world congress on allelopathy, 2005. 

JOSE S, Gillespie AR. Allelopathy  in black walnut (Juglans nigra L.) alley cropping: 
II. Effects of juglone on hydroponically grown corn (Zea  mays  L.)  and  soybean  
(Glycine  max  L.  Merr.) growth and physiology, Plant Soil. 1998; 203:199-205.  

KEECH O, Carcailet C, Nilsson MC. Adsorption of allelopathic compounds by 
wood-derived charcoal: the role of wood porosity. Plant and Soil. 2005; 272:291-300. 

KEELEY, JE. Seed germination and life history syndromes in California chaparral. 
Botanical Review. 1991; 57:81-116. 

KEELEY JE, Keeley SC. Allelopathy and the fire induced herb cycle. In: Keeley SC 
ed. The California chaparral: paradigms reexamined. Los Angeles: Natural History 
Museum of Los Angeles County. 1989, p. 65-72. 

KLINK CA, Machado RB. Conservation of the Brazilian Cerrado. Conservation 
Biology. 2005; 19(3):707-713. 

KRUSE M, Strandberg M, Strandberg B. Ecological effects of allelopathic plants – a 
review. NERI technical report, n.315, 2000. 

LABOURIAU MLS. A semente de Magonia pubescens  St. Hil.  Morfologia e 



Revista Ibero- Americana de Humanidades, Ciências e Educação- REASE      
 
 
 

 
Revista Ibero-Americana de Humanidades, Ciências e Educação. São Paulo, v.9.n.06. jun. 2023. 

ISSN - 2675 – 3375 
 

21 

germinação. An Acad Bras Ciênc. 1973; 45:501–536. 

LI ZH, Wang Q, Ruan X, Pan CD, Jiang DA. Review Phenolic and plant allelopathy. 
Molecules, 2010, 15:8933-8952. 

LOPES LMX, Bolzani VS. Lignans and diterpenes of three Aristolochia species. 
Phytochemistry, 1988, 27:2265-2268. 

LORENZI H, Matos FJA. Plantas medicinais no Brasil:  nativas e exóticas cultivadas.  
Nova Odessa: Instituto Plantarum, 2002. 512p. 

MACIEL CD G, Corrêa MR, Alves E, Negrisoli E, Velini ED, Rodrigues JD, Ono 
EO, Boaro CS F. Influência do manejo de palhada de capim-braquiária (Brachiaria 
decumbens) sobre o desenvolvimento inicial de soja (Glycine max) e amendoim-bravo 
(Euphorbia heterophylla). Planta Daninha. 2003; 213:635-373.                  

MALLIK A U. Allelopathy and competition in coniferou forests. Environmental 
Forest Science. 1998; 54:309-315. 

MALLIK AU. Conifer regeneration problems in boreal and temperate forest with 
ericaceous understory: role of disturbance, seedbed limitation and keystone change. 
Critical Review in Plant Science. 2003; 22:341-366. 

MANOEL DD, Doiche CFR, Ferrari TB, Ferreira G. Atividade alelopática dos 
extratos fresco e seco de folhas de barbatimão (Stryphnodendron adstringens (Mart.) 
Coville) e pata-de-vaca (Bauhinia forficata link) sobre a germinação e desenvolvimento 
inicial de plântulas de tomate. Semina. 2009; 30(1):63-70. 

MCPHERSON J K, Muller  C H. Allelopahtic effects of  Adenostoma fasciculatum 
“chamise”, in the California chaparral. Ecol. Monogr. 1969; 39:177–198. 

MENDONCA RC, Felfili JM, Walter BMT, Silva-Junior MC, Rezebde AV, 
Filguiras TS, Nogurira PE, Fagg CW. Flora vascular do bioma Cerrado: checklist com 
12.356 especies. In: S.M. Sano, S.P. Almeida, J.F. Ribeiro (eds.). Cerrado: ecologia e 
flora. Brasília, Embrapa Cerrados. 2008,  p. 423-442. 

MIRANDA HS, Sato MN. Efeitos do fogo na vegetação lenhosa do Cerrado. In: A 
Schariot, JC Sousa-Silva, JM Felfili ed. Cerrado: ecologia, biodiversidade e 
conservação. Brasília, Ministério do Meio Ambiente, 2005. 

MOREIRA AG.Effects of fire protection on savanna structure in Central Brazil. 
Journal of Biogeography. 2000; 27:1021-1029. 

MOTIDOME  M,  Leekning ME, Gottlieb OR. A química das Solanaceas brasileiras 
I. A presença de solamargina e de solasodina no juá e na lobeira. Anais da Academia 
Brasileira de Ciências. 1970; 42:375-376. 

MULLER CH. The role of chemical inhibition (allelopathy) in vegetational 
composition. Bulletin of the Torrey Botanical Club, 1968, 93:332-351. 

MUTCH RW. Fire situation in Brazil. International Forest Fire News (IFFN). 2003; 
28:45-50. 

OLIVEIRA AS, Silva MS, Rabello AR, Vieira EA, Lima TR, Espíndola LS, Dos 



Revista Ibero- Americana de Humanidades, Ciências e Educação- REASE      
 
 
 

 
Revista Ibero-Americana de Humanidades, Ciências e Educação. São Paulo, v.9.n.06. jun. 2023. 

ISSN - 2675 – 3375 
 

22 

Anjos JRN, Paula JE, Alves RS. Planta nativa do Cerrado, gênero magonia, da família 
do guaraná (Sapindaceae), possui princípios ativos contra o crescimento micelial in 
vitro de fungos fitopatogênicos. IX Simpósio Nacional Cerrado e II Simpósio 
Internacional Savanas, Brasília, 2008.  

OLIVEIRA SCC, Ferreira AG, Borghetti F. Efeito alelopático de folhas de Solanum 
lycocarpum A. St.-Hil.(Solanaceae) na germinação e crescimento de Sesamum indicum 
L.(Pedaliaceae) sob diferentes temperaturas. Acta Bot Bras. 2004a; 18(3):401-406. 

OLIVEIRA SCC, Ferreira AG, Borghetti F. Effect of Solanum lycocarpum fruit extract 
on sesame seed germination and seedling growth. Allelopathy Journal. 
2004b; 13(2):201-210. 

PELLISSIER F, Souto  XC. Allelopathy in northern temperate and boreal semi-
natural woodland. Critical Reviews in Plant Sciences. 1999; 18:637-652. 

PINTO AC, Rezende CM, Antunes OAC, Correia CRD. Three Isomeric Diterpenes 
from Vellozia flavicans. Phytochemistry, 42(3):767-769, 1996. 

PIETIKAINEN J, Kiikkila O, Fritze H. Charcoal as a habitat for microbes and its 
effect on the microbial community of the underlying humus. Oikos. 2000; 89:231-242. 

PIRES, N.M.; Souza, I.R.P.; Prates, H.T.; Faria, T.C.L.; Pereira Filho, I.A.& 
Magalhaes, P.C. 2001. Efeito do extrato aquoso de leucena sobre o desenvolvimento, 
indice mitotico e atividade da peroxidase em plantulas de milho. Revista Brasileira de 
Fisiologia Vegetal 13: 55-65. 

PIVELLO VR. Os cerrados e o fogo. 2009. Available on: 
http://eco.ib.usp.br/cerrado/aspectos_fogo.htm 

PIVELLO, V. R., Shida, C. N. and Meirelles, S. T. Alien grasses in Brazilian 
Savannas: a threat to the biodiversity. Biodivers.Conserv. 1999; 8:1281-1294. 

RAMOS PCM. Fire in Cerrado and Pantanal – Ecology and Management. 2003. 
Available in: https://ams.confex.com/ams/FIRE2003/.../paper_72389.htm. 

RAMOS MBM, Valente TO. Interferência de substâncias alelopáticas extraídas de 
Brachiaria decumbens Stapf. na germinação da soja (Glycine max) e milho (Zea mays). 
In: Congresso Brasileiro da Ciência das Plantas Daninhas, 21, 1997, Viçosa, MG. 

RICE EL. Allelopathy; Academic Press: Orlando, FL, 1984, 2nd ed. 

RIBEIRO JF, Sano SM, Macedo J, Silva JA. Os principais tipos fisionômicos da 
região dos Cerrados. Planaltina, EMBRAPA-CPAC. Boletim de Pesquisa, 21, 1983. 

RIBEIRO JF, Silva JC, Batmanian GJ. Fitosociologia de tipos fisionômicos do 
Cerrado em Planaltina-DF. Rev. Bras. Bot. 1985; 8:131-142. 

RIDENOUR WM, Callaway RM. The relative importance of allelopathy in 
interference: the effects of an invasive weed on a native bunchgrass. Oecologia, 126, 
444-450, 2001. 

RIZVI SJH, Haque H, Singh VK, Rizvi V. A discipline called allelopathy. In: 
Allelopathy: Basic and Applied Aspects, ed. by Rizvi and Rizvi. Chapman & Hall: 



Revista Ibero- Americana de Humanidades, Ciências e Educação- REASE      
 
 
 

 
Revista Ibero-Americana de Humanidades, Ciências e Educação. São Paulo, v.9.n.06. jun. 2023. 

ISSN - 2675 – 3375 
 

23 

London, 1992. 

SANO EE, Rosa R, Brito JLS, Fereira LG. mapeamento semidetalhado do uso da terra 
do Bioma Cerrado. Pesq agrop bras. 2008; 43(1):153-156. 

SANTANA DG, Ranal MA, Mustafa CV, Silva RMG. Germination measurements 
to evaluate allelopathic interactions. Allelopathy Journal, v. 17, n. 1, p. 43-52, jan./april., 
2006. 

SANTOS SC, Costa WF, Batista F, Santos LR, Ferri PH, Ferreira HD, Seraphin JC. 
Seasonal variation in the content of tannins in barks of barbatimão species. Rev. bras. 
farmacogn. 2006; 16(4):552-556. 

SCHMIDT IB, Sampaio AB, Borghetti F (2005) Efeitos da época de queima sobre a 
reprodução sexuada e estrutura populacional de Heteropterys pteropetala (Adr. Juss.), 
Malpighiaceae, em áreas de Cerrado sensu stricto submetidas a queimas bienais. Acta 
Bot. Bras. 19:927-934. 

SCHWARZ A, Pinto E, Haraguchi M, de Oliveira CA, Bernardi MM, de Souza 
Spinosa H. Phytochemical study of Solanum lycocarpum (St. Hil) unripe fruit and its 
effects on rat gestation. Phytother Res. 2007; 21(11):1025-1028. 

SILVA HHG, Silva IG, Santos RMG, Rodrigues-Filho E, Elias CN. Atividade 
larvicida de taninos isolados de Magonia pubescens St. Hil. (Sapindaceae) sobre Aedes 
aegypti (Diptera, Culicidae). Revista da Sociedade Brasileira de Medicina Tropical. 
2004; 37:396-399. 

SILVA GB, Martim L, Silva CL, Young MCM, Laeira AM. Potencial alelopático de 
espécies arbóreas nativas do Cerrado. Hoehnea 33(3): 331-338, 6 tab., 2006. 

SILVA RMG, Santos VHM, Borges FM, Melo FFQ, Silva LP. Potencial alelopático 
e levantamento do banco natural de sementes sob a copa de Copaifera langsdorffii Desf. 
Biosci. J., Uberlândia, v. 28, n. 4, p. 641-653, July/Aug. 2012. 

SILVA PB, Medeiros ACM, Duarte MCT, Ruiz ALTG, Kolb RM, Frei F, Santos C. 
Avaliação do potencial alelopático, atividade antimicrobiana e antioxidante dos 
extratos orgânicos das folhas de Pyrostegia venusta (Ker Gawl.) Miers (Bignoniaceae). 
Rev. Bras. Pl. Med., Botucatu, v.13, n.4, p.447-455, 2011.  

SILVA RMG, Saraiva TS, Silva RB, Gonçalves LA, Silva LP. Allelopathy potencial 
of etanol extract of Anadenanthera macrocarpa and Astronium graveolens. Biosci. J. 
Uberlândia, v. 26, n. 4, p. 632-637, July/Aug. 2010.   

SIMÕES CMO, Schemkel EP, Gosmanm G, Melo JCP, Mentz LA, Petrovick PR. 
Farmacognosia da planta ao medicamento. 5º ed. Porto Alegre/Florianópolis: UFRGS 
e UFSC, 2004. p. 643. 

SMITH BS, Pawlak JA, Murray DS, Verhaden LM, Green JD. Interference from 
established stands of silverleaf nightshade (Solanum elae agnifolium) on cotton  
(Gossypium hirsutum) lint yield. Weed Science. 1990; 38:129-133. 

SYTYKIEWICZ H. Expression Patterns of Glutathione Transferase Gene (GstI) in 
Maize Seedlings Under Juglone-Induced Oxidative Stress. Int J Mol 
Sci. 2011;12(11):7982-95.  



Revista Ibero- Americana de Humanidades, Ciências e Educação- REASE      
 
 
 

 
Revista Ibero-Americana de Humanidades, Ciências e Educação. São Paulo, v.9.n.06. jun. 2023. 

ISSN - 2675 – 3375 
 

24 

TERZI I, Kocaçalikan I, Benliolu O, Solak K. Effects of juglone on  growth  cucumber  
seedlings  with  respect  to  physiological  and anatomical parameters. Acta Physiol. 
Plant. 2003; 25:353-356. 

THAKUR A, Cahalan C. Geographical variation of Juglans regia L. in juglone content: 
rapid analysis using micro-plate reader. Curr Sci, 100, 1483–1485, 2011. 

UARROTA VG, Severino RB, Maraschin M. Maize Landraces (Zea mays L.): A new 
prospective source for secondary metabolite production. Int J Agri Res, 6(3):218-226, 
2011. 

WEIDENHAMER JD, Hartnett DC, Romeo JT. Density-dependent phytotoxicity: 
distinguishing resource competition and allelopathic interference in plants. J Appl 
Ecol,  26:613-624, 1989. 

WILLIAMSON GB, Richardson DR, Fischer NH. Allelopathic mechanism in fire-
prone communities. In: Allelopathy Basic and applied aspacts. Ed. By Rizvi & Rizvi, 
Chapman & Hall, 1992. 

CARREIRA RC, Zaidan LBP (2007) Germinação de sementes de espécies de 
Melastomataceae de Cerrado sob condições controladas de luz e temperatura. Hoehnea 
34:261-269. 

PERIOTTO F, Perez SCJGA, Lima MIS (2004) Efeito alelopático de Andira humilis 
Mart. ex Benth na germinação e no crescimento de Lactuca sativa L. e Raphanus sativus 
L. Acta Bot. Bras. 18:425-430. 

GORLA CM, Perez SCJGA (1997) Influência e extratos aquosos de Miconia albicans 
Triana, Lantana camara L., Leucaena leucocephala (Lam) de Wit e Drimys winteri Forst, 
na germinação e crescimento de sementes de tomate e pepino. Rev. Bras. Sem. 19:261-
266. 

FELIPPE GM (1990) Qualea grandiflora: the seed and its germination. Rev. Bras. Bot. 
13:33-37. 

SILVA PB, Medeiros ACM, uarte MCT, Ruiz ALTG, Kolb RM, Frei F, Santos C.  
Avaliação do potencial alelopático, atividade antimicrobiana e antioxidante dos 
extratos orgânicos das folhas de Pyrostegia venusta (Ker Gawl.) Miers (Bignoniaceae). 
Rev. Bras. Pl. Med., Botucatu, v.13, n.4, p.447-455, 2011. 

AIRES SS. Potencial alelopático de espécies nativas do cerrado na germinação e 
desenvolvimento inicial de invasoras. Dissertação de mestrado. UNB-Brazil, 2007. 

GATTI AB. Atividade alelopática de espécies do cerrado. Tese de doutorado, UFSC-
Brazil, 2008.  

MENEZES CG, Saboya PA, Borghetti F. Atividade alelopática de extratos de folhas 
de Andira humilis Mart. ex Benth em três estágios de maturação sobre o crescimento 
inicial de Sesamum indicum L. II Simpósio Internacional Savanna Tropicais, Brasilia, 
october, 2008. 

GORLA CM, Perez SCJGA (1997) Influência e extratos aquosos de Miconia albicans 
Triana, Lantana camara L., Leucaena leucocephala (Lam) de Wit e Drimys winteri Forst, 



Revista Ibero- Americana de Humanidades, Ciências e Educação- REASE      
 
 
 

 
Revista Ibero-Americana de Humanidades, Ciências e Educação. São Paulo, v.9.n.06. jun. 2023. 

ISSN - 2675 – 3375 
 

25 

na germinação e crescimento de sementes de tomate e pepino. Rev. Bras. Sem. 19:261-
266. 

PALERMO AC, Miranda HS. Effect of fire on the fruit production of Qualea 
parviflora Mart. (Vochysiaceae) in the cerrado. Revista Arvore, 36(4):685-693, 2012. 

 


