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Allelopathic potential, which is characterized by harmful or beneficial effects on a species, is a hypothesis 

that could explain the success of a vegetable species in process of invasion. For that reason, this study aims 

to investigate the allelopathic effect of the fresh leaf extract from Azadirachta indica on the germination 

and early growth of native species (Mimosa caesalpiniifolia, Pityrocarpa moniliformis, Astronium 

urundeuva, Cenostigma pyramidale, and Libidibia ferrea) in the seasonally dry tropical forest (caatinga). 

The raw extract was prepared with 200g of fresh leaves in 1L of distilled water, diluted in six treatments. 

The experiment followed a completely randomized design (CRD), with four repetitions of 25 seeds, and 

paper towel moistened with extract as substrate. The number of germinated seeds was counted daily. At the 

end of the experiment, radicle length (RL), germination percentage (GP), germination speed index (GSI), 

and average germination time (AGT) were evaluated. P. stipulacea’s GP and GSI averages and A. 

urundeuva’s AGT  decreased as extract concentration increased. As far as RL is concerned, in intermediate 

concentrations the extract hindered P. moniliformis and L. ferrea’s growth but favored C. pyramidale and 

A. urundeuva’s. Results allow us to infer that A. indica has an allelopathic effect on native species and 

might interfere with their rooting in the field, which in turn would affect the succession and balance of the 

forest over time, since the community structure and the ecosystemic processes would be impacted. 
Keywords: biological invasion, Caatinga, exotic species 

 

O potencial alelopático, caracterizado pelos efeitos danosos ou benéficos sobre uma espécie, é uma hipótese 

para explicar o sucesso de uma espécie vegetal em processo de invasão. Deste modo, foi investigado o 

efeito alelopático do extrato de folhas frescas de Azadirachta indica sobre a germinação e o crescimento 

inicial de espécies nativas (Mimosa caesalpiniifolia, Pityrocarpa moniliformis, Astronium urundeuva, 

Cenostigma pyramidale, Piptadenia stipulacea e Libidibia ferrea) de Floresta Tropical Sazonalmente Seca 

(caatinga). O extrato bruto foi elaborado com 200g de folhas frescas em 1L de água destilada, diluído em 

seis tratamentos. O delineamento experimental foi inteiramente casualizado, com quatro repetições de 25 

sementes, tendo como substrato papel-tolha umedecido com extrato. Contou-se diariamente a quantidade 

de sementes germinadas. Ao fim do experimento avaliou-se: comprimento da radícula (CR), porcentagem 

de germinação (PG), índice de velocidade de germinação (IVG) e tempo médio de germinação (TMG). 

Registrou-se uma redução das médias de PG e IVG, para P. stipulacea, e de TMG, para A. urundeuva, com 

o aumento da concentração de extrato. Nos valores de CR o extrato reduziu o crescimento de P. 

moniliformis e L. ferrea e favoreceu A. urundeuva e C. pyramidale, em concentrações intermediárias. Os 

resultados encontrados inferem que A. indica exerce efeito alelopático em espécies nativas, podendo 

interferir no estabelecimento dessas em campo, o que afetaria a sucessão e o equilíbrio da floresta ao longo 

do tempo, uma vez que a estrutura da comunidade e os processos ecossistêmicos seriam impactados.  
Palavras-chave: invasão biológica, Caatinga, espécies exóticas 

1. INTRODUCTION  

Impacts caused by invasive exotic species are based on the disturbance or alteration of 

environmental variables involving mostly biodiversity loss and changes in the provision of some 

environmental services, especially those developed by native species [1, 2, 3, 4]. The presence of 

http://www.scientiaplena.org.br/
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an invasive exotic species causes changes in structure and composition of vegetable communities, 

and thus impairs the functioning of ecosystems, representing a threat to natural environments [1, 

2]. 

There are different hypotheses to explain the success of a plant species in an invasion process 

[5], such as propagule pressure [6], lack of enemies or predators [7, 8], evolution of increased 

competitive ability [9], and allelopathic advantage against native species [10, 11]. The latter 

hypothesis proposes that some exotic species develop or already have mechanisms for releasing 

unprecedented biochemicals – "unique weapons" – that are able to inhibit the germination and 

growth of neighboring native plants, which in turn impair essential processes for maintaining the 

natural community diversity [10, 12, 13, 14]. In this context, the exotic species Azadirachta indica 

A. Juss (popularly known as nim indiano), is considered invasive by several authors [15, 16, 17], 

but there is still a lot be studied in order to measure the potential and impacts of this species 

invasion in native plant communities [18]. 

Azadirachta indica is originated from India and was brought to Brazil in the 1980s for 

silvicultural studies on the use of its wood, leaves, and seeds [18]. Currently, it has been broadly 

used as an afforestation species in different areas of the country, particularly the Northeastern 

region [19, 20, 21, 22, 23], where there are favorable conditions for its establishment, growth, and 

reproduction [18, 24, 25].  

Previous studies, such as Mondal et al. (2020) [26] and Xuan et al. (2004) [27], reported the 

allelopathic effect of A. indica. They identified the negative influence of this species through the 

decrease of germination, chlorophyll content, leaf humidity, and root length of Oryza sativa L. 

(rice); Rickli et al. (2011) [28] found similar results for the radicle growth of Lactuca sativa L. 

(lettuce) and Phaseolus vulgaris L. (common bean), in addition to germination speed and increase 

of average germination time of L. sativa and Glycine max (L.) Merr. (soybean); Hussain et al. 

(2019) [29] revealed decrease of morphological and physiological characteristics (dry weight, 

fresh weight, germination, plant total height, number of leaves, specific leaf area, root length, and 

chlorophyll content) of Zea mays L. (corn) individuals. 

Similar studies investigated how the extract of exotic species affect native trees aiming to 

associate the allelopathic effect with the invasion potentiation. Araújo et al. (2017) [12] studied 

the effect of the exotic Cryptostegia madagascariensis Bojer ex Decne. (Madagascar rubber vine) 

on Piptadenia stipulacea (Benth.) Ducke, Libidibia ferrea (Mart. ex Tul.) LP Queiroz, and 

Mimosa caesalpiniifolia Benth.; Hartmann et al. (2017) [30] observed the effect of the exotic 

Brachiaria brizantha Stapf (palisade grass) on Parapiptadenia rigida (Benth.) Brenan; lastly, 

Costa and Freire (2018) [31] investigated the extract effect of the exotic Prosopis juliflora 

(Sw.) DC. (mesquite) on Mimosa tenuiflora (Willd.) Poir. Nevertheless, results show that the 

obtained effects depend on the species involved in the interaction, since contact with allelopathic 

compounds causes deleterious effects to seed emergence and to seedlings in the case of some 

species, increasing the invasive potential [12, 14]; but on other species there is not any negative 

allelopathic interference [13]. 

It is therefore expected that the aqueous extract of A. indica fresh leaves may have a significant 

influence on germination and early growth of native species in the seasonally dry tropical forest 

(caatinga). This influence shall affect germinability in a negative way, decreasing germination 

speed values, increasing germination time, and reducing radicle length, making it difficult or even 

impossible for native species to establish in new areas. 

2. MATERIAL AND METHODS 

2.1 Characterization and preparation of the samples 

Seeds of six native species found in the caatinga were used in this research: Mimosa 

caesalpiniifolia Benth (sabiá), Piptadenia stipulacea (Benth.) Ducke (jurema branca), 

Pityrocarpa moniliformis  (Benth.) Luckow & RWJobson (catanduva); Astronium urundeuva Fr. 

(M. Allemão) Engl. (urunday); Cenostigma pyramidale (Tul.) Gagnon & G.P. Lewis 

(catingueira); and Libidibia ferrea (Mart. ex Tul.) LPQueiroz (Brazilian ironwood). The first two 

https://www.ipni.org/a/12653-1
https://www.ipni.org/a/6376-1
https://www.ipni.org/a/921-1
https://www.ipni.org/a/2063-1
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https://www.ipni.org/a/16855-1
https://www.ipni.org/a/15956-1
https://www.ipni.org/a/36007-1
https://www.ipni.org/a/20012341-1
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were donated by the Embrapa Semiárido experimental farm, located in the city of Ibaretama, state 

of Ceará, Brazil, and kept in a plastic bag in a refrigerated environment, and the other ones were 

collected in the Serra das Almas Private Reserve of Natural Heritage, maintained by the Caatinga 

Association in Crateús, state of Ceará, which were also stored in plastic bags, but kept at ambient 

temperature and humidity conditions. Species selection was based upon their common presence 

in the seasonally dry tropical forest, in which the farm “Não me Deixes”, in the city of Quixadá, 

is located [32], and also on their suitability for planting in these areas of Ceará [33]. 

Part of the seeds of each species was placed in an oven at 105±3 °C for 24 hours to determine 

the moisture content (MC), following the guidelines for seed analysis [34]. A 0.001g precision 

scale was used to determine the weight of a thousand seeds (WTS). The seeds were counted 

manually and eight repetitions of 100 seeds were done for each species [34]. 

According to previous research, four of the species under study required dormancy breaking 

treatments. The seed dormancy of M. caesalpiniifolia was overcome with immersion in freshly 

boiled water for one minute [35], P. moniliformis’s with immersion in concentrated sulfuric acid 

for 20 minutes [36], L. ferrea’s with immersion in concentrated sulfuric acid for 10 minutes [37], 

and P. stipulacea’s with immersion in boiling water for two minutes [38]. The seeds of A. 

urundeuva [39] and C. pyramidale [40] had no dormancy. 

2.2 Germination test 

Germination tests were carried out in the Laboratory of Microbiology and Limnology 

(LAMILI), in the Laboratory of Wastes, Effluents and Biogas (LAREB), which is part of the 

Federal Institute of Education, Science and Technology (IFCE), in the city of Quixadá, and in the 

Biology Laboratory from the Educator Training Institute, located in the Federal University of 

Cariri (UFCA). 

After breaking dormancy for those seeds that needed it, seeds of all species were washed in 

distilled water and then disinfected following the methods used by Costa, Nepomuceno and 

Santana (2010) [41], which consisted in immersion in 70% ethanol for one minute, followed by 

a 15-min immersion in a sodium hypochlorite solution (2.5% active chlorine) mixed with two 

drops of neutral detergent and four washes in distilled water. 

Fresh leaves from 15 individual trees, collected from the afforestation area at IFCE, in 

Quixadá, were used to produce the aqueous extract of A. indica employed in tests. Then, the 

material was weighed to prepare the crude extract (100%), according to the ratio of 200g of leaves 

to each liter of distilled water, which were processed in a blender and filtered with a standard 

sieve [28]. Next, the crude extract was diluted to produce the other treatments, which were tested 

for pH in a bench pH-meter, stored in closed recipients, and kept at ambient conditions [42, 43]. 

All treatments were composed of an aqueous extract of A. indica fresh leaves at six 

concentrations: 0 (T1), 20 (T2), 40 (T3), 60 (T4), 80 (T5) and 100% (T6). T1 was the control 

treatment and consisted only of distilled water [28]. Germination assays of the species M. 

caesalpiniifolia, P. moniliformis, A. urundeuva, and P. stipulacea were carried out in a BOD 

Incubator at 25 ± 3°C, and the ones of L. ferrea and C. pyramidale, in an oven with air circulation 

at 30 ± 3°C, both in continuous darkness, assuming that the species are neutral photoblastic [44, 

45]. The experiment followed a completely randomized design (CRD), with six treatments and 

four repetitions of 25 seeds, adding up to a 100 seeds per treatment. 

As a germination substrate, a double layer of paper towel was cut to fit the size of 9-cm 

diameter Petri dishes and moistened with the extract of A. indica leaves, at the proportion of 2.5 

times the weight of the paper, and, whenever necessary, moistened again in all replications of the 

test [34]. 

In order to maintain the sanitary conditions of materials and equipment defined by the Ministry 

of Agriculture, Livestock, and Supply in its guidelines for seed analysis [34], the germination 

incubator was washed with soap and water, and disinfected with 70% ethanol. The Petri dishes 

and paper were previously autoclaved at 121°C for 20 minutes. 
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2.3 Data collection and analysis 

Germinated seeds were counted daily from the third day after the start of each test until 

stagnation in their number. Seeds were considered germinated if their radicle length was longer 

than 2 mm [42, 46, 47]. By counting germinated seeds, it is possible to determine the following 

variables: 

Germination Percentage (GP), which considers the total number of germinated seeds 

according to the parameter stated previously, and the total number of plants sown. As the name 

suggests, it is expressed in percentage (%) [46]; 

Germination Speed Index (GSI), which considers the daily number of germinated seeds and is 

obtained through the formula of Maguire (1962) [48]. It lists the number of germinated seeds 

from the first to the umpteenth count (Ei) and the number of days elapsed from sowing also from 

the first to the umpteenth count (Ni). Results are then expressed in number of seedling emergences 

per day (N/d): 

𝐼𝑉𝐺 =  ∑
𝐺𝑖

𝑁𝑖

𝑛

𝑖=1

 

 

Average Germination Time (AGT), which follows Baskin and Baskin formula [49], and 

corresponds to the average time (days) necessary to reach the maximum number of emergences, 

considering the number of seedlings emerged between each count (ni), and the average time 

between the beginning of emergence and the umpteenth count (ti). 

Besides, in the last count for each species, the radicle length was measured with a 0.01-mm 

accuracy digital caliper [42, 69]. 

In order to evaluate if there were differences between treatments for each species, the obtained 

data for each parameter were submitted to Shapiro-Wilk test for normality. As they had normal 

distribution (p > 0.05), they went through one-way analysis of variance (ANOVA one-way) and 

the averages were compared using Turkey Test. When they did not have normal distribution (p < 

0.05), the data were submitted to Kruskal-Wallis test. For both tests the significance level used 

was 5% of probability. Analyses took place in the R v3.3.1 environment [50]. 

3. RESULTS  

Moisture content (MC) and weight of a thousand seeds (WTS) ranged from 5.67 to 9.39%, 

and from 11.28 to 191.95g, respectively. Cenostigma pyramidale had the lowest MC (5.67%) and 

the highest WTS (191.95g), while seeds from A. urundeuva were the most humid (9.39%) and 

the lightest (11.28g). For P. moniliformis and L. ferrea, MC and WTS were 7.73 and 7.57%, and 

28.65 and 129.23g, respectively. In the case of M. caesalpiniifolia there were not enough seeds 

to calculate WTS, therefore 7.23% is its only figure, which corresponds to MC. Besides, pH 

values were also measured: they varied from 6.33 (T6) to 6.54 (T2) with an average of 6.47 ± 

0.06. 

Piptadenia stipulacea was the only species which presented meaningful GP and GSI 

differences between treatments. There was reduction in the total number of germinated seeds, and 

in the speed of germination (Table 1). Although allelochemical reaction is specific to each species, 

and the other species are more tolerant, results found for P. stipulacea corroborate our hypothesis 

that allelochemicals in extracts may cause negative effects on the germination of Caatinga species. 
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Table 1 – Average values of germination percentage (GP, in %), and germination speed index (GSI, in number of emergences per day) of six native species from the 

Seasonally Dry Tropical Forest submitted to different concentrations of an aqueous extract made of Azadirachta indica leaves. Caption: TR = Treatment, T1 = 0%, T2 = 

20%, T3 = 40%, T4 = 60%, T5 = 80%, and T6 = 100% of raw extract, SW = Shapiro-Wilk. Averages followed by the same small letter in the column do not differ from each 

other by the Turkey Test at 5% probability. 

 

TR 

Mimosa 

caesalpiniifolia 

Astronium 

urundeuva 

Pityrocarpa 

moniliformis 

Cenostigma 

pyramidale 

Libidibia  

Ferrea 

Piptadenia 

stipulacea 

 GP GSI GP GSI GP GSI GP GSI GP GSI GP GSI 

T1 26a 8.48a 55a 13.16a 34a 7.86a 55a 8.91a 75a 20.11a 91ª 3.85ab 

T2 30a 10.49a 66a 14.55a 43a 10.13a 74a 16.01a 80a 24.50a 85ab 3.84ab 

T3 33a 12.19a 75a 15.42a 42a 7.98a 75a 14.53a 74a 22.82a 98ª 4.00ab 

T4 25a 8.40a 78a 15.29a 39a 8.18a 74a 12.62a 84a 22.10a 86ab 4.91ª 

T5 18a 6.07a 81a 14.41a 31a 4.72a 67a 10.77a 71a 17.45a 86ab 4.08ab 

T6 25a 7.26a 77a 14.31a 18a 3.05a 48a 8.76a 67a 15.88a 77b 3.39b 

SW 

(p-value) 

0.93 

(0.10) 

0.96 

(0.44) 

0.97 

(0.72) 

0.98 

(0.81) 

0.95 

(0.25) 

0.90 

(0.02) 

0.96 

(0.43) 

0.97 

(0.65) 

0.94 

(0.19) 

0.95 

(0.27) 

0.92 

(0.07) 

0.94 

(0.15) 



J. A. X. Mota et al., Scientia Plena 16(12), 124202 (2020)                                           6 

124202 – 6 

When it comes to average germination time (AGT), A. urundeuva was also the only species 

that showed significant variation between treatments, which is in consonance with the hypothesis 

raised. It had the lowest AGT when submitted to the control treatment (4.22 days), and got higher 

values as concentration increased. The top AGT (5.33 days) happened under an 80% dilution of 

A. indica’s crude extract (Table 2). 

Results obtained for radicle length (RL) were different between species, for some even the 

opposite of what was expected. This scenario allows the separation of species into three distinct 

groups: one in which the aqueous extract of A. indica leaves had negative allelopathic effect (RL 

reduction), one in which the effect was neutral (no influence on RL), and one in which the effect 

was positive (RL increase). 

The negative effect was observed in P. moniliformis and L. ferrea. These two tended to have 

RL reduction in elevated concentrations of extract, in which the lowest values match seeds 

submitted to T5 (16.94 and 60.89mm, respectively). In the neutral group, constituted by M. 

caesalpiniifolia and P. stipulacea, the aqueous extract of A. indica leaves did not have any 

influence on RL (Table 2). 

The positive effect group is formed by A. urundeuva and C. pyramidale. They had their RL 

favored by the aqueous extract of A. indica. Seeds of A. urundeuva submitted to the control 

treatment had shorter radicles (14.26mm), while longer ones were obtained when the seeds were 

submitted to intermediate treatments (the values were between 25 and 27mm between T3 and 

T5). In the case of C. pyramidale, the lowest value was found in the control treatment (29.19mm) 

and the highest in T4 (65.47mm). Both species suffered negative effect in relation to previous 

treatments when submitted to T5 and T6 (Table 2). 
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Table 2 – Average values of average germination time (AGT) and radicle length (RL) of seeds from six native species found in the Seasonally Dry Tropical Forest submitted 

to different concentrations of an aqueous extract of Azadirachta indica leaves. Caption: TR = Treatment, T1 = 0%, T2 = 20%, T3 = 40%, T4 = 60%, T5 = 80%, and T6 = 

100% of raw extract, SW = Shapiro-Wilk. Averages followed by the same small letter in the column do not differ from each other by the Turkey Test at 5% probability. 

 

TR 

Mimosa 

caesalpiniifolia 

Astronium 

urundeuva 

Pityrocarpa 

moniliformis 

Cenostigma 

pyramidale 

Libidibia 

ferrea 

Piptadenia 

stipulacea 

 AGT RL AGT RL AGT RL AGT RL AGT RL AGT RL 

T1 4.03a 63.58a 4.22c 14.26c 1.75a 28.67a 5.30a 29.19c 4.55a 62.12ab 6.25ª 43.28ª 

T2 3.85a 75.65a 4.57bc 23.56ab 2.14a 28.46a 6.54a 55.49b 4.67a 70.91a 6.03ª 47.44ª 

T3 3.43a 78.52a 4.75abc 27.55a 1.91a 23.00ab 4.87a 56.85b 3.93a 70.95a 6.07ª 41.18ª 

T4 3.95a 82.70a 5.02ab 26.31ab 1.82a 23.84ab 7.17a 65.47a 5.05a 70.81a 5.02ª 44.71ª 

T5 4.00a 78.10a 5.33a 25.10ab 1.29a 16.94b 7.64a 51.74b 5.50a 60.89b 5.83ª 44.75ª 

T6 5.60a 75.80a 5.22ab 23.05b 0.77a 19.12ab 9.78a 45.72bc 5.83a 65.48ab 5.92ª 43.20ª 

SW 

(p-value) 

0.89 

(0.01) 

0.94 

(0.10) 

0.97 

(0.74) 

0.99 

(0.72) 

0.89 

(0.01) 

0.96 

(0.25) 

0.91 

(0.03) 

0.98 

(0.43) 

0.97 

(0.71) 

0.99 

(0.20) 

0.95 

(0.25) 

0.84 

(0.002) 
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4. DISCUSSION 

4.1 Characterization of botanical material 

Moisture content values ranged from 5.67 to 9.39%, which are considered low but within the 

expected for seeds from caatinga species [51]. Other germination studies also registered similar 

humidity for M. caesalpiniifolia, 8% [52], A. urundeuva, 10% [53], P. moniliformis, 7-9% [54], C. 

pyramidale, 6.22% [55] and L. ferrea, 7.46% [56]. 

Obtaining the weight of a thousand seeds was important to assemble germination tests, which 

allowed the separation of a mass containing the necessary amount (600 seeds) for each test, and 

hence reducing waste in the case of seeds that went through dormancy break. In addition, such 

values indicate that the state of seed maturity and health is close to the ones found in previous 

successful studies which involved the species [57, 58, 59]. The highest values of WTS were found 

for L. ferrea and C. pyramidale, a fact generally associated with bigger seeds [34], which implicate 

higher water absorption mainly in the beginning of germination [49]. Because of that, rewetting 

was necessary as early as the third day of experiment. 

Controlling pH and concentration of extracts is essential because they might contain substances 

such as sugars, amino acids, and organic acids which influence ionic concentration and are 

osmotically active [60]. The average pH value (6.47 ± 0.06) registered in this paper was close to 

neutral and within the limits of 6 to 7.5, which are ideal for germination [49], so this parameter 

probably did not interfere with the experiments performed, corroborating the observations of Rosa 

et al. (2011) [42]. 

4.2 Germination speed index and germination percentage 

Allelopathic compounds do not always interfere in a significative way with all species and 

variables analyzed [61, 62], which explains why each germination variable (GP, GSI, and AGT) 

shows a meaningful difference in one species only. Ferreira and Borguetti (2004) [60] state that 

germination is less sensitive to allelochemicals, while length is the variable which best expresses 

the effects of allelochemical compounds on seedlings, for they are sensitive to toxicity and stay in 

direct contact with extracts. 

It should be noted that GP values for M. caesalpiniifolia, besides being the lowest in the whole 

experiment, were also lower than values from other germination tests involving the species under 

the same conditions of substrate and temperature [52]. It is thought that seed viability was impaired 

under storage conditions in a low temperature fridge, and also due to a curculionid proliferation 

which precluded WTS counting and harmed seed vigor [63, 64]. 

Non-significative variation in GP and GSI values was also observed in tests with the native M. 

caesalpiniifolia, L. ferrea, and P. stipulacea when under the effect of C. madagascariensis’ 

extracts. This species, which comes from Madagascar, was introduced into the semiarid region and 

has a high invasive potential [12]. M. caesalpiniifolia showed no GP effect when submitted to the 

leaf or fruit extracts of P. moniliformis either [65]. As for the rest of the species (A. urundeuva, P. 

moniliformis, and C. pyramidale) there could not be found any studies which investigated the 

allelopathic effect on GP and GSI so that their values could be used for comparison. Therefore, our 

work is the first one to test the influence of allelopathic compounds of exotic species on GP and 

GSI of these native species, giving its contribution so that the impacts they suffer and the possible 

consequences to the natural community are known. 

In principle, the small variation between the averages found for GP and GSI represents the 

influence of the studied extract’s allelopathic effect, but it is important to take other germination 

variables into account [12, 28, 49]. 
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4.3 Average germination time 

AGT is taken as a great indicator to assess how quickly a species occupies an area, that is the 

lower the AGT, the bigger the odds a species settles. It also indicates environment noise or 

interference in the metabolic processes of germination [46, 47]. A. urundeuva, the only species 

which had significative AGT difference, distinguishes itself by rapid germination (four days) 

without any pre-germination treatments [39, 68]. Nevertheless, our results showed that the aqueous 

extract of A. indica increased A. urundeuva’s AGT gradually, which suggests that in natural 

conditions the native species may delay establishing its seeds, while the exotic one may favor its 

offspring and have an advantage in competition scenarios. This prediction is worrisome specially 

when it comes to a species like A. urundeuva, which has been explored in multiple ways and had 

its natural populations reduced [66]. 

4.4 Radicle length 

The negative effect observed for P. moniliformis and L. ferrea confirms the results found in 

other experiments which used extracts of exotic species, A. indica inclusive. Araújo et al. (2017) 

[12] found out that seeds of L. ferrea had their radicle length shortened under the effect of a fresh 

leaf and litter extract made from C. madagascariensis. Something similar was also noticed by 

Rickli et al. (2011) [28] concerning the radicle length of Lactuva sativa L. (lettuce), Glycine max 

L., and Bidens pilosa L. (hairy beggarticks) under different extract concentrations of A. indica. It 

is worth highlighting that the root system is important for absorbing nutrients and water, and for 

supporting the plant, therefore malformation problems like radicle length reduction interfere with 

the establishment of individuals, as Carvalho et al. (2016) [67] took notice. Such characteristic is 

pointed out in the allelopathy literature as one of the main indicators of the phenomenon [12, 28, 

47]. 

The radicle length neutrality observed for M. caesalpiniifolia when submitted to the aqueous 

extract of A. indica leaves is different from the negative reaction found by Pacheco et al. (2017) 

[65] and Araújo et al. (2017) [12], who evaluated the RL of the same species submitted to the 

extracts of P. moniliformis and C. madagascariensis, respectively. Positive results found for A. 

urundeuva and C. pyramidale demonstrated that some of the native species tested tolerate low 

extract concentrations, which allows us to infer that the presence of fresh leaves of A. indica in the 

field does not interfere with the germination of those species in a negative way. Hartmann et al. 

(2017) [30] also reported a positive effect on seedling growth for the native species Parapiptadenia 

rigida (Benth.) Brenan when submitted to leaf extracts made from the exotic Megathyrsus maximus 

(Jacq.) BKSimon & SWLJacobs. The same authors suggest that it is not possible to state 

categorically which physiological process influenced this growth, although it can be a consequence 

of the phenomenon known as hormesis, i.e., when a toxic substance in much lower doses than those 

which have toxicity stimulates the plant development. Such results may be useful for the production 

of forest seedlings of A. urundeuva and C. pyramidale, since the use of the extract in an adequate 

dose stimulated the longest radicle length. Nonetheless, it is important that the variables are 

evaluated together, and that studies which assess the initial development of these species submitted 

to different extract concentrations are accomplished.  

5. CONCLUSION 

The results found allow us to conclude that A. indica in fact has an allelopathic effect on 

germination and early stages of growth in five out of the six species studied. Germination 

percentage and germination speed index were affected by the leaf extract only for P. stipulacea. 

When average germination time is regarded, the species A. urundeuva was the only one to show a 

significative difference, increasing the average number of days till germination at the end of the 

experiment. Now, as far as radicle length is concerned, extract concentrations of A. indica harmed 

P. moniliformis and L. ferrea at the same time that favored A. urundeuva and C. pyramidale in 

intermediate concentrations. It should be noticed that these last two species had their RL average 

https://www.ipni.org/a/15956-1
https://www.ipni.org/a/1118-1
https://www.ipni.org/a/12576-1
https://www.ipni.org/a/9666-1
https://www.ipni.org/a/13296-1
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values reduced when they were submitted to higher extract concentrations. The only species which 

remained indifferent to the aqueous extract of A. indica fresh leaves was M. caesalpiniifolia. 

We believe that results such as the ones found in this study contribute to a better understanding 

of the dynamics in an environment influenced by the presence of the exotic species investigated, 

and draw attention of managers and society in general to planning the protection and preservation 

of native species; and although laboratory tests such as this one in fact prove that the allelopathic 

effect exists, it is necessary to encourage and develop field and laboratory experiments that assess 

other characteristics, like using other plant parts to contain allelopathic compounds – roots, 

branches, dry leaves or leaf litter, for instance or testing the effect on more native species and how 

they establish in the field. 

6. REFERENCES  

1. Cook-Patton SC, Agrawal AA. Exotic plants contribute positively to biodiversity functions but reduce 

native seed production and arthropod richness. Ecology. 2014;95:1642-1650, doi: 10.1890/13-0782.1. 

2. Parron LM, Garcia JR, Oliveira EB, Brown GG, Prado RB. Serviços ambientais em sistemas agrícolas e 

florestais do bioma Mata Atlântica. Brasília: Embrapa; 2015. 

3. Peerzada AM, Bajwa AA, Ali HH, Chauhan BS.  Biology, impact, and management of Echinochloa 

colona (L.) Link. Crop Protection. 2016;83:56-66, doi: 10.1016/j.cropro.2016.01.011. 

4. Sitzia T, Campagnaro T, Kowarik I, Trentanovi G. Using forest management to control invasive alien 

species: helping implement the new European regulation on invasive alien species. Biological invasions. 

2016;18:1-7, doi: 10.1007/s10530-015-0999-8. 

5. Lorenzo P, Hussain MI, Gonzalez L. Role of allelopathy during invasion process by alien invasive plants 

in terrestrial ecosystems. New York: Springer; 2013. Capther 1, Allelopathy: Current trends and future 

applications; p. 3-21. 

6. Simberloff D. The role of propagule pressure in biological invasions. Annual Review of Ecology, 

Evolution, and Systematics. 2009;40:81-102, doi: 10.1146/annurev.ecolsys.110308.120304. 

7. Bourscheid K, Reis A. Dinâmica da invasão de Pinus elliottii Engelm. em restinga sob processo de 

restauração ambiental no Parque Florestal do Rio Vermelho, Florianópolis, SC. Biotemas. 2010;23:23-

30. 

8. Fey SB, Herren CM. Temperature‐mediated biotic interactions influence enemy release of nonnative 

species in warming environments. Ecology. 2014;95:2246-2256, doi: 10.1890/13-1799.1. 

9. Feng Y, Li1 Y, Wang R, Callaway RM, Valiente-Banuet A, Inderjit. A quicker return energy‐use strategy 

by populations of a subtropical invader in the non‐native range: a potential mechanism for the evolution 

of increased competitive ability. Journal of Ecology. 2011;99:1116-1123, doi: 10.1111/j.1365-

2745.2011.01843.x. 

10. Callaway RM, Ridenour WM. Novel weapons: invasive success and the evolution of increased 

competitive ability. Frontiers in Ecology and the Environment. 2004;2:436-443, doi: 10.1890/1540-

9295(2004)002[0436:NWISAT]2.0.CO;2. 

11. Silva JG. Efeitos da arbórea introduzida Hovenia dulcis Thunb. (Rhamnaceae) sobre o componente 

arbóreo-arbustivo regenerante da Floresta Atlântica do Sul do Brasil [master’s dissertation]. Porto Alegre 

(RS): Universidade Federal do Rio Grande do Sul; 2012. 65 p. 

12. Araújo HTN, Brito SF, Pinheiro CL, Medeiros Filho S. A alelopatia aumenta o potencial invasor de 

Cryptostegia madagascariensis Bojer ex Decne.? Enciclopédia Biosfera. 2017;14:1-12, doi: 

10.18677/EnciBio_2017A1. 

13. Jeschke M, Keesing F, Ostfeld RS. Novel organisms: comparing invasive species, GMOs, and emerging 

pathogens. Ambio. 2013;42:541-548, doi: 10.1007/s13280-013-0387-5. 

14. Latif S, Chiapusio G, Weston LA. Allelopathy and the role of allelochemicals in plant defence. Advances 

in Botanical Research. 2017;82:19-54, doi: 10.1016/bs.abr.2016.12.001. 

15. Fabricante JR, Santos JPB, Araújo KCT, Cotarelli VM. Utilização de espécies exóticas na arborização e 

a facilitação para o estabelecimento de casos de invasão biológica. Biotemas. 2017;30:55-63. 

16. Sampaio AB, Schmidt IB. Espécies exóticas invasoras em unidades de conservação federais do Brasil. 

Biodiversidade Brasileira. 2014;2:32-49, doi: 10.5007/2175-7925.2017v30n1p55. 

17. Zenni RD, Ziller SR. An overview of invasive plants in Brazil. Brazilian Journal of Botany. 2011;34:431-

446, doi: 10.1590/S0100-84042011000300016. 

18. Neves EJM, Carpanezzi AA. Prospecção sobre o cultivo do nim (Azadirachta indica) no Brasil. Colombo: 

Embrapa Florestas; 2019. 

https://doi.org/10.1890/13-0782.1
https://www.embrapa.br/busca-de-publicacoes/-/publicacao/list/autoria/nome/junior-ruiz-garcia?p_auth=n7z4eBTU
https://www.sciencedirect.com/science/article/pii/S0261219416300102#!
https://www.sciencedirect.com/science/article/pii/S0261219416300102#!
https://www.sciencedirect.com/science/article/pii/S0261219416300102#!
https://doi.org/10.1016/j.cropro.2016.01.011
https://doi.org/10.1890/13-1799.1
https://doi.org/10.1111/j.1365-2745.2011.01843.x
https://doi.org/10.1111/j.1365-2745.2011.01843.x
https://doi.org/10.1890/1540-9295(2004)002%5b0436:NWISAT%5d2.0.CO;2
https://doi.org/10.1890/1540-9295(2004)002%5b0436:NWISAT%5d2.0.CO;2
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.18677%2FEnciBio_2017A1
https://dx.doi.org/10.1007%2Fs13280-013-0387-5
https://www.sciencedirect.com/science/journal/00652296
https://www.sciencedirect.com/science/journal/00652296
https://doi.org/10.5007/2175-7925.2017v30n1p55
https://doi.org/10.1590/S0100-84042011000300016


J. A. X. Mota et al., Scientia Plena 16(12), 124202 (2020)                                           11 

19. Bezerra MBS, Castro VG, Botrel RT. Arborização da Avenida Jerônimo Rosado no município de 

Baraúna-RN, Brasil. Revista da Sociedade Brasileira de Arborização Urbana. 2017;12:122-131, doi: 

10.5380/revsbau.v12i1.63516. 

20. Lucena JN, Souto PC, Camaño JDZ, Souto JS, Souto LS. Arborização em canteiros centrais na cidade de 

Patos, Paraíba. Revista Verde de Agroecologia e Desenvolvimento Sustentável. 2015;10:20-26, doi: 

10.18378/rvads.v10i4.3761. 

21. Moro MF, Westerkamp C, Araújo FS. How much importance is given to native plants in cities treescape? 

A case study in Fortaleza, Brazil. Urban Forestry and Urban Greening. 2014;13:365-374, doi: 

10.1016/j.ufug.2014.01.005. 

22. Rufino MR, Silvino AS, Moro MF. Exóticas, exóticas, exóticas: reflexões sobre a monótona arborização 

de uma cidade brasileira. Rodriguésia. 2019;70:e03562017, doi: 10.1590/2175-7860201970051. 

23. Sousa LV, Teixeira IEO, Medeiros MGFM, Silva AL, Oliveira FA. Levantamento de espécies de 

cobertura vegetal nativas e exóticas encontradas no campus oeste da Universidade Federal Rural do Semi-

Árido. Revista Verde de Agroecologia e Desenvolvimento Sustentável. 2015;10:70-75, doi: 

10.18378/rvads.v10i5.4095. 

24. Lima KDR, Chaer GM, Rows JRC, Mendonça V, Resende AS. Seleção de espécies arbóreas para 

revegetação de áreas degradadas por mineração de piçarra na caatinga. Revista Caatinga. 2015;28:203-

213. 

25. Moreira FTA, Araújo LVC, Silva GH, Assis MM, Ferreira AES. Características dendrométricas de um 

povoamento de nim indiano (Azadirachta indica A. Juss) no semiárido paraibano. Revista Verde de 

Agroecologia e Desenvolvimento Sustentável. 2012;7:194-198. 

26. Mondal S, Duary B, Mondal B, Panda D. Allelopathic effect of aqueous leaf extracts of selectec trees on 

germination and seedling growth of rice. Journal of Environmental Biology. 2020;41:255-260, doi: 

10.22438/jeb/41/2/MRN-1218. 

27. Xuan TD, Eiji T, Hiroyuki T, Mitsuhiro M, Khanh TD, Chung Ill-Min. Evaluation on phytotoxicity of 

nem (Azadirachta indica A. Juss) to crops and weeds. Crop Protection. 2014;23:335-345, doi: 

10.1016/j.cropro.2003.09.004. 

28. Rickli HC, Fontes AMT, Silva PSS, Pilatti DA, Hutt DR. Efeito alelopático de extrato aquoso de folhas 

de Azadirachta indica A. Juss. em alface, soja, milho, feijão e picão-preto. Semina: Ciências Agrárias. 

2011;32:473-484, doi: 10.5433/1679-0359.2011v32n2p473. 

29. Hussain I, Baloch MS, Khanand EA, Khan AA. Morphological and physiological response of maize to 

some allelopathic plant extracts. Pakistan Journal of Weed Science Research. 2019;25:137-145. 

30. Hartmann KCD, Fontes AMT, Cassol FDR, Mendonça RVLC. Atividade alelopática de espécies 

invasoras sobre a germinação e o desenvolvimento inicial de arbórea nativa. Floresta. 2017;47:229-235, 

doi: 10.5380/rf.v47i3.50222. 

31. Costa RMC, Freire AL. O. Efeito alelopático de extratos aquosos de Proposis juliflora (SW.) D.C. na 

emergência e no crescimento inicial de plântulas de Mimosa tenuiflora (WILLD.) Poiret. Nativa. 

2018;6:139-146, doi: 10.31413/nativa.v6i2.4768. 

32. Costa RC, Araújo FS, Lima-Verde LW. Flora and life-form spectrum in an area of deciduous thorn 

woodland (caatinga) in northeastern, Brazil. Journal of Arid Environments. 2007;68:237-247, doi: 

10.1016/j.jaridenv.2006.06.003. 

33. SEMA. Instrução Normativa nº 02 de 26 de janeiro de 2018. Lista espécies nativas recomendadas para 

ações de florestamento e reflorestamento no estado do Ceará. Fortaleza: Secretaria do Meio Ambiente; 

2018. 

34. Brasil, Ministério da Agricultura, Pecuária e Abastecimento. Regras para Análise de Sementes. Brasília: 

Mapa/ACS; 2009. 395p. 

35. Ribaski J, Lima PCF, Oliveira VR, Drumond MA. Sabiá (Mimosa caesalpiniaefolia) árvore de múltiplo 

uso no Brasil. Colombo: Embrapa Florestas; 2003. 

36. Silva JN, Pinto MADSC, Rocha AKP, Freire AS, Leal LSG. Temperatura influenciando a germinação de 

sementes de Piptadenia moniliformis submetidas a superação de dormência. Journal of Environmental 

Analysis and Progress. 2017;2:412-420, doi: 10.24221/jeap.2.4.2017.1458.412-420. 

37. Oliveira KJB, Lima JSS, Andrade LIF, Novo Jr. J, Benedito CP, Crispim JF. Métodos para superação da 

dormência tegumentar em sementes de Caesalpinia ferrea Mart. ex Tul. Revista Verde de Agroecologia 

e Desenvolvimento Sustentável. 2017;12:648-654. 

38. Farias RM, Freitas RMO, Nogueira NW, Dombroski JLD. Superação de dormência em sementes de 

jurema-branca (Piptadenia stipulacea). Revista Ciência Agraria. 2013;56:160-165, doi: 

http://dx.doi.org/10.4322/rca.2013.024. 

39. Nunes YRF, Fagundes M, Almeida HS, Veloso MDM. Aspectos ecológicos da aroeira (Myracrodruon 

urundeuva Allemão - Anacardiaceae): Fenologia e germinação de sementes. Revista Árvore. 

2008;32:233-243, doi: 10.1590/S0100-67622008000200006. 

https://doi.org/10.1016/j.ufug.2014.01.005
https://doi.org/10.1590/2175-7860201970051
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.22438%2Fjeb%2F41%2F2%2FMRN-1218
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.cropro.2003.09.004
https://www.wssp.org.pk/weed/login.php
https://doi.org/10.1016/j.jaridenv.2006.06.003
https://www.embrapa.br/busca-de-publicacoes/-/publicacao/list/autoria/citacao/lima-p-c-f?p_auth=OQ2vESDc
https://www.embrapa.br/busca-de-publicacoes/-/publicacao/list/autoria/citacao/oliveira-v-r-de?p_auth=OQ2vESDc
https://www.embrapa.br/busca-de-publicacoes/-/publicacao/list/autoria/citacao/drumond-m-a?p_auth=OQ2vESDc


J. A. X. Mota et al., Scientia Plena 16(12), 124202 (2020)                                           12 

40. Ferreira EGBS, Matos VP, Gonçalves EP, Ferreira RLC, Silva RB. Tratamentos pré-germinativos em 

sementes de duas espécies do gênero Poincianella. Revista Ciência Agronômica. 2014;45:566-572, doi: 

10.1590/S1806-66902014000300018.  

41. Costa GM, Nepomuceno CF, Santana JRF. Propagação in vitro de Erythrina velutina. Ciência Rural. 

2010;40:1090-1096, doi: 10.1590/S0103-84782010005000084. 

42. Rosa DM, Fontes AMT, Mauli MM, Marques DS, Palma D. Potencial alelopático de Panicum maximum 

JACQ sobre a germinação de sementes de espécies nativas. Floresta e Ambiente. 2011;18:198-203, doi: 

http://dx.doi.org/10.4322/floram.2011.038. 

43. Souza E, Zampar R. Potencial alelopático de espécies vegetais exóticas do Parque Estadual Lago Azul, 

Campo Mourão-PR. SaBios: Revista de Saúde e Biologia. 2016;11:61-70. 

44. Biruel RP, Aguiar IB, Paulo RC. Germinação de sementes de pau-ferro submetidas a diferentes condições 

de armazenamento, escarificação química, temperatura e luz. Revista Brasileira de Sementes. 

2007;29:151-159, doi: 10.1590/S0101-31222007000300018. 

45. Holanda AER, Medeiros Filho S, Diogo IJS. Influência da luz e da temperatura na germinação de 

sementes de sabiá (Mimosa caesalpiniifolia Benth.-Fabaceae). Gaia Scientia. 2015;9:22-27. 

46. Ferreira WN. Ecofisiologia da germinação e do crescimento inicial de Piptadenia stipulacea (Benth.) 

Ducke e Anadenanthera colubrina (Vell.) Brenan [Dissertação]. Fortaleza (CE): Universidade Federal do 

Ceará; 2011. 65 p. 

47. Diógenes FEP, Oliveira AK, Torres SB, Maia SSS, Coelho MFB. Atividade alelopática de extrato de 

folhas Ziziphus joazeiro Mart. – Rhamnaceae. Revista Verde. 2014;9:01-04. 

48. Maguire JD. Speed of Germination-Aid in Selection and Evaluation for Seedling Emergence and Vigor. 

Crop Science. 1962;2:176-177, doi: 10.2135/cropsci1962.0011183X000200020033x. 

49. Baskin CC, Baskin JM. Seeds: Ecology, biogeography, and, evolution of dormancy and germination. 2ª 

ed. San Diego: Academic press; 2014. 

50. R Development Core Team. R: A Language and Environment for Statistical Computing. Vienna: R 

Foundation for Statistical Computing; 2016. 

51. Barbosa DCA. Estratégias de germinação e crescimento de espécies lenhosas da Caatinga com 

germinação rápida. In: Leal IR, M Tabarelli, JMC Silva, editors. Ecologia e Conservação da Caatinga. 

Recife: Editora Universitária da UFPE; 2003. p. 625-656.  

52. Alves EU, Paula RC, Oliveira AP, Bruno RLA, Diniz AA. Germinação de sementes de Mimosa 

caesalpiniaefolia Benth em diferentes substratos e temperaturas. Revista Brasileira de Sementes. 

2002;24:169-178, doi: 10.1590/S0101-31222002000100025. 

53. Virgens IO, Castro RD, Fernandez LG, Pelacani CR. Comportamento fisiológico de sementes de 

Myracrodruon urundeuva Fr. All. (Anacardiaceae) submetidas a fatores abióticos. Ciência Florestal. 

2012;22:681-692, doi: 10.5902/198050987550. 

54. Azerêdo GA, Paula RC, Valeri SV. Germination of Piptadenia moniliformis Benth. seeds under water 

stress. Ciência Florestal 2016;26:193-202, doi: 10.5902/1980509821112. 

55. Antunes CGC, Curz CRP, Ribeiro RC, Gomes HLR, Castro RD. Influência do armazenamento na 

qualidade fisiológica de sementes de Caesalpinia pyramidalis Tul. Revista Árvore 2010;34:1001-1008, 

doi: 10.1590/S0100-67622010000600005. 

56. Lima JD, Almeida CC, Dantas VAV, Silva BMS, Moraes WS. Efeito da temperatura e do substrato na 

germinação de sementes de Caesalpinia ferrea Mart. ex Tul. (Leguminosae-Caesalpinoideae). Revista 

Árvore. 2006;30:513-518, doi: 10.5902/1980509812242. 

57. Girão KT. Biometria de sementes, morfologia de plântulas e crescimento inicial de mudas de quimiotipos 

de Myracrodruon urundeuva Allemão [master’s dissertation]. Fortaleza (CE): Universidade Federal do 

Ceará; 2013. 77 p. 

58. Lima CR, Bruno RLA, Silva KRGS, Pacheco MY, Alves EU. Qualidade fisiológica de sementes de 

diferentes árvores matrizes de Poincianella pyramidalis (Tul.) LP Queiroz. Revista Ciência Agronômica. 

2014;45:370-378. 

59. Souto PC. Testes rápidos de vigor para determinar a qualidade fisiológica de sementes de Caesalpinia 

ferrea Mart. Ex. Tul [master’s dissertation]. Recife (PE): Universidade Federal Rural de Pernambuco; 

2016. 101 p. 

60. Ferreira AG, Borguetti F. Germinação do básico ao aplicado. 2ª ed. Porto Alegre: Artmed; 2014. 323 p.  

61. Jandovà K, Dostál P, Cajthaml T. Searching for Heracleum mantegazzianum allelopathy in vitro and in a 

garden experiment. Biological Invasions. 2015;17:987-1003, doi: 10.1007/s10530-014-0771-5. 

62. Pisula NL, Meiners SJ. Relative allelopathic potential of invasive plant species in a young disturbed 

woodland. Journal of the Torrey Botanical Society. 2010;137:81-87, doi: 10.3159/09-RA-040.1. 

63. Gottardi R. Avaliação de compostos bioativos no controle de Sitophilus zeamais (Col.; Curculionidae) e 

fungos em grãos de milho armazenado [master’s dissertation]. Porto Alegre (RS): Universidade Federal 

do Rio Grande do Sul; 2014. 



J. A. X. Mota et al., Scientia Plena 16(12), 124202 (2020)                                           13 

64. Grützmacher AD, Martins JFS, Cunha US, Giolo FP, Neves MB, Härter WR, Franco DF, Mattos MLT. 

Viabilidade da antecipação do tratamento de sementes de arroz com inseticidas em relação à data de 

semeadura no controle de Oryzophagus oryzae (Coleoptera: Curculionidae). Ciência Rural. 

2008;38:1830-1835, doi: 10.1590/S0103-84782008000700005. 

65. Pacheco MV, Félix FC, Medeiros JAD, Nunes SL, Castro MLL, Lopes ALS, Souza WMAT. 2017. 

Potencial alelopático dos extratos de folhas e frutos de Pityrocarpa moniliformis sobre a germinação de 

sementes de Mimosa caesalpiniifolia. Revista Agroecossistemas. 9:250-262, doi: 

http://dx.doi.org/10.18542/ragros.v9i2.5029. 

66. Viegas MP, Silva CLSP, Moreira JP, Cardin LT, Azevedo VCR, Ciampi AY, Freitas MLM, Moraes 

MLT, Sebbenn AM. Diversidade genética e tamanho efetivo de duas populações de Myracrodruon 

urundeuva Fr. All., sob conservação ex situ. Revista Árvore. 2011;35:769-779, doi: 10.1590/S0100-

67622011000500002. 

67. Carvalho IR, Souza VQ, Follmann DN, Nardino M, Schmidt D, Pelissari G, Baretta D. Desempenho 

fisiológico de cultivares de soja com regulação hídrica por Manitol. Agrarian. 2016;9:34-43. 

68. Pacheco MV, Matos VP, Ferreira RLC, Feliciano ALP, Pinto KMS. Efeito de temperaturas e substratos 

na germinação de sementes de Myracrodruon urundeuva Fr. All. (Anacardiaceae). Revista Árvore. 

2006;30:359-367, doi: 10.1590/S0100-67622006000300006.   

69. Nunes JVD, Melo D, Nóbrega LHP, Loures NTP, Sosa DEF. Atividade alelopática de extratos de plantas 

de cobertura sobre soja, pepino e alface. Revista Caatinga. 2014;27:122-130.  


