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1. Introduction

Nutritional deficiencies in soils are among the 
main limiting factors for the functioning of tropical 
ecosystems, negatively affecting the species diversity 
and the structure of plant communities (Walker and 
Syers, 1976; Dalling et al., 2016; Delavaux et al., 2017). 

Reduced amounts of nutrients and soil organic matter in 
the soil can affect the growth, reproduction and chemical 
composition of plants, and external inputs or the constant 
cycling of nutrients is crucial for the maintenance of these 
ecosystems (Brearley et al., 2003; Cleveland et al., 2013; 
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Resumo
Alguns estudos relatam o efeito positivo de resíduos orgânicos de formigueiros nas propriedades do solo e na 
estrutura da comunidade de plantas adjacentes em experimentos de campo, mas há uma lacuna sobre o efeito em 
espécies individuais. O objetivo do presente estudo foi comparar o desenvolvimento de Turnera subulata Smith, 
uma espécie ornamental, na presença do substrato de descarte (SD) de formigueiros produzido pela formiga 
cortadeira Acromyrmex balzani (Emery, 1890) por meio de experimento em casa de vegetação. O experimento foi 
conduzido com dois tratamentos: solo controle e solo com 25% de SD. As plantas foram mantidas em vasos de 1L 
por 90 dias. Foram avaliados os parâmetros: altura da planta, diâmetro do caule, comprimento da raiz, número de 
folhas, massa seca da raiz, biomassa seca e fresca da parte aérea. Além disso, o conteúdo relativo de clorofila e os 
nutrientes foliares foram usados como parâmetros fisiológicos. Como resultado, as plantas que cresceram no solo 
com SD apresentaram valores significativamente maiores de todos os parâmetros avaliados quando comparadas 
ao tratamento controle (p < 0.001). Concluímos que esse biofertilizante contribuiu para a produção de plantas 
mais vigorosas, podendo atuar na dinâmica local de nutrientes nos ecossistemas onde A. balzani ocorre. Além 
disso, por ser relativamente abundante e fácil de coletar, o SD de A. balzani tem potencial para ser utilizado como 
biofertilizante na produção de plantas de ciclo de vida curta.
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from NR. However, there are still gaps to be filled, such 
as, for example, the evaluation of the vigor of plants that 
grow on nest refuse, by observing the morphological and 
nutritional attributes of the plants. Once in contact with a 
nutrient-rich spot, plants can invest more in growth and 
reproduction, probably having a greater physiological 
capacity in terms of absorption and storage of nutrients 
in leaf tissues (Farji-Brener and Werenkraut, 2015, 2017).

In the present study, we tested the hypothesis that 
the NR produced by Acromyrmex balzani (Emery, 1890) in 
the region of study has a positive effect as a biofertilizer, 
changing soil nutrient content and increasing the vigor 
of an ornamental and pioneer herbaceous species 
Turnera subulata Smith. This hypothesis predicts that 
plants cultivated with NR will present better development 
characteristics (height, stem diameter, number of leaves, 
root length and fresh and dry biomass), associated with 
nutritional attributes (high levels of chlorophyll, N and 
P content), compared to plants grown on the control 
substrate.

2. Material and Methods

2.1. Study species

2.1.1. Acromyrmex balzani (Emery, 1890) (Formicidae: 
Attini)

The leaf-cutting ant A. balzani is widely distributed in 
Brazil (Rando and Forti, 2005), commonly found in pasture 
or anthropogenic areas (Sousa-Souto et al., 2013). Their 
colonies are relatively small when compared to other 
cutter species (± 1m) (Poderoso et al., 2009). Externally, the 
nests of A. balzani have tubes constructed of fragments of 
straw and other plant residues and a mound of soil in the 
form of a semicircle (Figure 1b). This species has external 
waste disposal chambers that are easily seen and collected, 
with high potential as a biofertilizer (Santos et al., 2018).

2.1.2. Turnera subulata Smith (Turneracea)

The herb T. subulata is a pioneer species, widely 
distributed and quite common in the study region 
(Figure 1a). Popularly known as ‘flor-do-guarujá’ or 
‘chanana’, its populations occur in natural environments, 
mainly in post-disturbance areas (Arbo, 2005; Arbo et al., 
2015). Due to its ease of cultivation and wide occurrence, 
T. subulata has been used as an ornamental and medicinal 
plant, especially in the south and southeast of Brazil 
(Arbo, 2005; Arbo et al., 2015). It is a ruderal species of 
shrub size, with yellowish flowers and attractive corollas 
for pollinators (Schlindwein and Medeiros, 2006). It is 
commonly observed near or even on external chambers 
of discarding ants (personal observation). It is important 
to note that the species T. subulata is not part of the list of 
plant species cut by A. balzani and possibly other species 
of leaf-cutting ants, in view of the presence of trichomes 
on its leaves (Kitayama et al., 2010). We consider this 
herb as a good model to test our hypothesis because it is 
frequently observed close to A. balzani colonies.

Delavaux et al., 2017). Although the causes of nutritional 
deficiencies in the soil are diverse, it is known that in 
newly disturbed environments this limitation is partly 
attributed to the reduction of soil organic matter content 
and the low rate of nutrient mineralization (Neill et al., 
1995, 1996; Sousa-Souto et al., 2013; Delavaux et al., 
2017). The negative effects of low availability of nutrients 
in the soil in these environments are often mitigated by 
the activities of “ecosystem engineers” (Lavelle, 1997).

Despite being considered important agricultural pests, 
leaf-cutting ants (Atta spp. and Acromyrmex spp.) can also 
act as ecosystem engineers in natural environments and 
provides ecological services (Wirth et al., 2007; Alho, 
2008; Meyer et al., 2011, 2013). For example, some field 
experiments report that changes in the physical-chemical 
structure of soils affect the structure of adjacent vegetation, 
whether due to the construction and maintenance of nests, 
forming micro habitats rich in nutrients (Moutinho et al., 
2003; Sousa-Souto et al., 2008; Meyer et al., 2013; 
Farji-Brener and Werenkraut, 2015), or by opening clearings 
in the forest (Corrêa et al., 2010; Meyer et al., 2011).

For maintenance and expansion of the colonies, 
leaf-cutting ants continuously collect fragments of 
vegetation and transport them to their fungus chambers. 
The material resulting from fungal decomposition, including 
seeds, leaves and arthropod carcasses, is accumulated in 
piles within nests or outside them (Moutinho et al., 2003; 
Sousa-Souto et al., 2008; Poderoso et al., 2009; Pirk and 
Farji-Brener, 2013). These biological structures, popularly 
identified as nest refuse (NR) or nest waste, can form 
points in the landscape where the availability of nutrients 
is fast and constant (Sousa-Souto et al., 2008; Cerda et al., 
2012, Farji-Brener and Werenkraut, 2015). However, the 
resulting benefits to vegetation can vary, since access to 
waste will depend on several factors, such as depth of the 
root system, type of plant layer, the nutritional aspects of 
the plant species involved as well as the place of disposal 
of the refuse (if outside the colony or in the underground 
chambers of the nests) (Coutinho, 1984; Sternberg et al., 
2007; Farji-Brener and Werenkraut, 2015).

In general, changes in vegetation structure due to 
NR are mainly related to greater availability of nitrogen, 
phosphorus and potassium (Sternberg et al., 2007; 
Farji-Brener and Ghermandi, 2008; Farji-Brener and 
Werenkraut, 2015). This ease of access to nutrients often 
increases the abundance, diversity and productivity of 
plants, as well as speeding up the nutrient cycle in various 
ecosystems, including arid and newly disturbed regions 
(Moutinho et al., 2003; Cerda et al., 2012; Santos et al., 
2019). However, an aspect that is still little addressed 
is the understanding of the isolated effect of NR (in a 
greenhouse experiment), mainly to explain changes in the 
development and reproduction of individual plant species 
(Farji-Brener and Werenkraut, 2015, 2017). Recent studies 
indicate that pioneer plant species showed a marked 
development when kept in contact with NR, verified by 
higher biomass above ground (Santos et al., 2019), a greater 
amount of fruits (Farji-Brener and Ghermandi, 2008) 
and a higher number of flowers (Fernandez et al., 2018). 
These improvement in the performance of plant species in 
these studies is attributed to a greater supply of nutrients 
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2.2. Experimental design

The experiment was conducted in a greenhouse, located 
in the Department of Agronomy of the Federal University 
of Sergipe (UFS), in São Cristóvão, Sergipe, Northeast Brazil 
(10° 55 ’46” S and 37° 06’ 13” W).

The sample design consisted of two treatments: the 
control treatment (CONT) composed of one litre of soil and 
the NR treatment, composed of the mixture of CONT + NR 
by A. balzani, in the proportion of 25% (250 mL). Both the 
soil and the NR were obtained in areas of the Campus of 
the Federal University of Sergipe. We randomly selected 
30 colonies of A. balzani and collected the NR from the 
external chambers between August and October 2019. 
The NR was screened in a stereomicroscope and sieved 
to remove possible seeds still present and visible soil 
particles. After that, the substrate was stored in a freezer 
at 10 °C until use. The control soil used in the composition 
of the two treatments was collected in subsamples (n = 5) 
at a depth of 05–20 cm, respecting a minimum distance 
of three meters from ant nests. The soil went through the 
solarization process to inactivate possible pathogens and 
seeds present (Katan, 2015).

2.3. Seedling production

The plants used in the experiment were obtained 
from seeds collected from 35 individuals of T. subulata at 
the experiment site (UFS/Campus). Sowing was done in 
polystyrene trays with 128 cells and a volume of 40 cm3, 
containing only CONT soil. Three seeds were sown per 
cell. The seedlings were kept for 30 days in the tray with 
daily irrigation. After 30 days, plants were transferred to 
1-L pots (n = 100), containing a layer of crushed stone of 
25% of the container volume to facilitate drainage and 
75% of the volume filled with 50 pots for the CONT and 
50 vessels for the NR treatment. The seedlings were kept in 
a greenhouse with humidity and temperature of 27 ± 2 °C, 
and daily watering.

2.4. Soil analysis

Five days after transplanting the seedlings, we collected 
20 soil samples (10 g), ten from the NR treatment and 
ten from the control, to determine the concentration of 

macronutrients N, P, K and soil organic matter (SOM). 
These variables were chosen because the content of the 
NPK formulation is used as a reference in practically all 
cultivated crops, including ornamental plants (Baligar and 
Bennett, 1986). Besides, natural soils are generally acidic 
and low in M.O (Batjes, 1996). Thus, these variables serve 
as a reference to assess how much NR is able to change 
these original properties.

All samples were dried in an oven at 60 °C and sieved 
through a 2-mm mesh to remove the remaining vegetation 
and standardise the samples. Nitrogen (N) was determined 
by Kjeldahl (Dieckow et al., 2007), followed by chamber 
distillation with hydrochloric acid.

The phosphorus (P) content was determined by the 
formation of the complex blue phosphorus-molybdic 
described by Mehlich (1978). The potassium (K) content 
was quantified by atomic absorption spectrophotometry, 
based on the Mehlich (1978) extractor. Soil organic matter 
(SOM) was quantified by converting organic carbon by 
oxidation with potassium dichromate in sulfuric medium, 
following the methodology of Anderson and Ingram 
(1994). Finally, the pH was determined in H2O, following 
the methodology proposed by Raij and Quaggio (1983).

2.5. Assessment of vegetative development

At 90 days after transplanting, we evaluated the 
following characteristics of the plants: total height (cm), 
stem diameter (SD) (mm), root length (RL) (cm), number 
of leaves (NL), fresh aboveground biomass (FAB) and dry 
aboveground biomass (DAB). Plant height, root length and 
stem diameter were measured with a 0.01 mm pachymeter.

To determine the FAB, all plants were washed under 
running water to remove excess soil. Afterwards, the plant 
aboveground portion was weighed on a digital scale with 
a precision of 0.001 g. For the measurement of the DAB, 
the individuals were individually dried in an oven at 60 °C 
for 48 hours, and each part was weighed on a digital scale, 
with an accuracy of 0.001 g.

2.6. The relative chlorophyll content (RCC)

The relative chlorophyll content (RCC) in plant leaves 
is a powerful indicator of foliar nitrogen that may indicate 
plants with higher nutritional quality (Djumaeva et al., 

Figure 1. Detail of the studied species. (a) Turnera subulata in the study area; (b) nest mound of Acromyrmex balzani with a nest refuse 
pile on the right and the colony entrance, characterized by three small straw holes (left).
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2012; Sousa-Souto et al., 2018). The RCC was determined 
with the aid of a chlorophyll meter (ChlorofiLOG® model 
CFL 1030) that provides measurements of the contents of 
chlorophyll a, b and total (a + b), expressed in RCC units 
(Barbieri-Junior et al., 2012; Sousa-Souto et al., 2018). Since 
there were no variations in the proportions of chlorophyll a 
and b, we considered for analysis only the total chlorophyll 
content. For the RCC samples, the first three leaves of 
each plant were evaluated. Measurements were made 
on the median adaxial part of each of the three leaves 
of the plant, according to the methodology described in 
Barbieri-Junior et al. (2012) and Sousa-Souto et al. (2018). 
Only mature leaves were evaluated, without signs of 
senescence, signs of predation or presence of pathogens. 
Three readings were made per plant in all 50 plants per 
treatment, resulting in a total of 300 RCC measurements. 
The average chlorophyll value was then calculated for 
each plant.

Despite having a good correlation with Nitrogen leaf 
content, RCC is basically used in agronomic research 
(Barbieri-Junior et al., 2012; Djumaeva et al., 2012) and 
its use in ecological studies is insipient. Thus, we chose 
to adopt both measures (RCC and leaf N analysis) so that 
the RCC method could be a reference in future ecological 
research.

2.7. Analysis of leaf N and P content

For leaf nutrient analysis (N and P) we selected 20 plants, 
ten plants for each treatment. All intact leaves from each 
sampled plant were used. The leaves were washed in 
running water and dried in an oven at 60 °C for 72 hours. 
The material was ground to a fine powder, weighed on a 
precision scale (about 2 g), and packed in Eppendorf tubes 
for further analysis. After this procedure, the total nitrogen 
content of the samples was determined by the Kjeldahl 
method Dieckow et al. (2007). P levels were obtained by 
colorimetry, according to Pittman et al. (2005).

2.8 Statistical analysis

Differences in soil nutrient content, as well as in the 
development (height, stem diameter, number of leaves, root 
length, fresh and dry aboveground biomass) and nutritional 
variables (leaf nutrient and RCC) of the plants in relation 
to the treatments were compared by Student’s T test or 
Mann-Whitney (Wilcoxon rank test), according to the 
normality of the data. The analyzes were performed with 
the aid of the R software, version 4.0.2 (R Core Team, 2020).

3. Results

3.1. Chemical soil analysis

The chemical composition of the soil differed statistically 
between NR and CONT treatments (p < 0.001). The NR 
treatment showed high overall increases in the levels of 
N (1.45 times), P (2.9 times), K (88.7%), SOM (2.7 times) 
and pH when compared to the CONT treatment (Table 1).

3.2. Analysis of vegetative development

The soil with NR positively affected all development 
parameters evaluated (Figure 2). Plants grown with NR 
showed a 44.14% increase in stem diameter (Figure 2a), a 
49.77% increase in root length (Figure 2b) and 1.9 times 
greater plant height as well as a greater number of leaves 
(Figure 2c and 2d). There was an increase of 3.6 times in 
the dry aboveground biomass (Figure 2e), and an 8.5-fold 
increase in the fresh aboveground biomass (Figure 2f) 
when compared to the CONT treatment.

3.3. The relative chlorophyll content (RCC)

The RCC values of T. subulata plants were positively 
affected by the type of substrate (p < 0.001) (Table 2). The 
NR treatment plants showed higher levels of chlorophyll 
with a significant increase of 47.16% compared to the CONT 
treatment plants.

3.4. Analysis of leaf N and P contents

The analysis of leaf nutrients showed differences 
between treatments (p < 0.001). Plants of T. subulata 
that grew in the NR treatment showed significantly high 
values of P (71%) and N (102%) compared to the control 
plants (Table 2).

4. Discussion

In the present study, we confirmed the hypothesis 
tested that plants treated with NR present greater 
vigour and biomass than non-treated plants and we 
demonstrated that the beneficial effects of nest refuse 
go beyond the increase in soil fertility. In just five days 
after the incorporation of NR into the soil, we observed 
an increase to about 1.8 to 4 times in the levels of N, P, K 
and soil organic matter. Such elements are essential for 
the development of plants, as they accelerate vegetative 
growth and act in the development and maturation of 
reproductive structures (Hilhorst and Karssen, 1989; Taiz 
and Zeiger, 2013; Singh and Reddy, 2014).

Table 1. Mean ± standard deviation of the contents of macronutrients (g/kg), soil organic matter (SOM) and pH between two treatments: 
Control and nest refuse (NR).

Treatment N P K SOM pH

CONT 0.43 ± 0.02 b 32.99 ± 12.04 b 0.62 ± 0.03 b 0.94 ±0.04 b 3.85 ±0.05 b

NR 1.08 ± 1.83 a 128.7 ± 4.11 a 1.17 ± 0.1 a 3.55 ± 0.22 a 5.88 ± 0.1 a

CONT: Soil Control; NR: 75% Soil control + 25% of NR of A. balzani. N – nitrogen; P – phosphorus; K – potassium; SOM – soil organic matter; 
pH – potential of hydrogen. Means followed by equal letters in each column do not differ with a significance level of 5% (t-test; p < 0.05).



Brazilian Journal of Biology, 2023, vol. 83, e244732 5/9

Nest refuse benefits an herbaceous plant

Nitrogen is a key nutrient for the production of several 
plant species (Pedri et al., 2015). It is a component of 
many biological compounds that plays an important 
role in photosynthetic activity (Taiz and Zeiger, 2013; 
Alvarenga et al., 2019) and its deficiency is one of the main 
limiting factors for the vegetal development (Shah et al., 
2003). Since nitrogen is part of the enzymes associated 
with chlorophyll synthesis, the chlorophyll concentration 
reflects the relative status of N in plant tissues (Chapman 
and Barreto, 1997). Phosphorus acts directly in the 
formation of TAP, the “energy unit” of plants (Taiz and 
Zeiger, 2013; Singh and Reddy, 2015; Alvarenga et al., 
2019), and potassium, in turn, participates in osmotic 
regulation of cells and also in the activation of many 
enzymes (Hawkesford et al., 2012; Taiz and Zeiger, 2013). 
In addition, the increase in soil pH in NR treatments helps 
the mineralization of soil organic matter, which in turn 
provides greater retention of water and nutrients for plants 
(Farji-Brener, 2010; Sousa-Souto et al., 2012).

It is unequivocal that NR provides nutrients for 
plants and that this availability has an impact on their 
nutritional status (Farji-Brener and Werenkraut, 2015). 
This fact has already been demonstrated in species 
of ants that deposit their residues externally, such as 
Acromyrmex lobicornis (Emery, 1888) (Farji-Brener and 
Ghermandi, 2008; Farji-Brener, 2010) and Atta colombica 

(Guérin-Méneville, 1844) (Haines, 1978). Another previous 
study demonstrated the role of NR as islands of colonization 
of herbaceous species and their role in increasing plant 
biomass (Santos et al., 2019). The presence of NR not only 
improves the nutritional quality of the soil but also allows 
rapid assimilation and improvement in plant nutritional 
aspects, increasing the content of nutrients in the tissues 
and the rate of photosynthesis. The present study not 
only confirms such benefits occurring both at the soil 
level (increased soil fertility) and the individual plant 
level (higher content of leaf nutrients), but also shows 
that the presence of NR in the soil alters other nutritional 
responses, such as an increase in the relative chlorophyll 
content (RCC).

Figure 2. Boxplot of attributes evaluated in T. subulata plants after thirty days between two treatments: (a) stem diameter (mm); (b) root 
length (cm); (c) plant height (cm), (d) the number of leaves, (e) dry aboveground biomass (g) and (f) fresh aboveground biomass (g). 
Horizontal lines inside each box indicate the median.

Table 2. Mean ± standard deviation of the levels of leaf 
macronutrients (g/kg) and chlorophyll between treatments.

Treatment
N P RCC

g/Kg g kg-3 mg (g MF*)-1

CONT 7.48 ± 0.21 b 0.65 ± 0.14 b 28.94 ± 0.97 b

NR 12.79 ± 0.81 a 1.31 ± 0.13 a 42.59 ± 1.01 a

CONT: Soil Control; NR: 75% Soil control + 25% of NR of A. balzani; 
N – nitrogen; P – phosphorus; RCC – relative chlorophyll content. 
Means followed by equal letters in each column do not differ with a 
significance level of 5% (t-test; p < 0.05). *MF – fresh matter. 
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Several studies show that there is a strong relationship 
between the chlorophyll content and the nutritional content 
of leaves, especially for N and P, since most of the content 
is allocated to the photosynthetic apparatus (Taiz and 
Zeiger, 2013; Rodrigues et al., 2014; Sá et al., 2017). Leaf 
chlorophyll concentration is often well correlated with plant 
metabolic activity (e.g., photosynthetic capacity and RuBP 
carboxylase activity), as well as leaf N concentration (Evans, 
1983; 1989). This relationship is particularly important in 
dystrophic habitats, where the levels of N, P and K available 
in the soil are extremely low and some plant species, such 
as herbaceous, generally tend to allocate more of these 
nutrients to photosynthetic structures (Amorim and 
Batalha, 2008; Hawkesford et al., 2012; Malik and Rengel, 
2013; Souza et al., 2016). Particularly, since NR increases 
the content of nutrients and chlorophyll in the leaves, it is 
possible that it provides greater photosynthetic efficiency 
of plants in contact with this substrate, either through 
facilitating CO2 absorption or greater RuBP activity, which is 
common in the initial phase of vegetative development in 
herbaceous plants (Centritto et al., 1999; Bhatt et al., 2010).

The positive effect of NR of leaf-cutting ants on 
vegetation can vary depending on the species involved 
and the plant stratum. For species of ants that discard NR 
in mounds outside the nest, such as A. balzani, the effects 
can be observed in the herbaceous strata, as seen in T. 
subulata. However, considering the species of ants that 
discard waste in underground chambers, such as most 
Atta and Acromyrmex species in Brazil, the same positive 
effects can occur only in the shrub or tree strata. This 
observation was initially proposed by Coutinho (1984), 
who suggested a possible ecological role of fire and the 
activities of leaf-cutting ants in the cycling of nutrients 
in Brazilian savannas (cerrado). In this study, the author 
proposes a complementary effect in which fire would 
benefit the herbaceous layer and the activities of ants 
would benefit the tree layer. The results presented here 
and seen also in a study at field level (Santos et al., 2019) 
indicate that Coutinho’s (1984) hypothesis must be updated. 
Thus, ants that dispose of waste externally can directly 
benefit the herbaceous layer, regardless of the presence 
of natural fires.

The results presented here indicate the role that NR 
from A. balzani plays by incorporating nutrients into the 
soil and increasing the development of an herbaceous 
species, indicating that this substrate has the potential to 
be used as a natural fertiliser especially for herbaceous 
species and other species with short life cycles. Such results 
reflect the greater fertility of the soil with NR and the rapid 
assimilation of these nutrients by plants, indicating that 
T. subulata performs better in these soils, despite being 
adapted to the conditions of soils with low natural fertility 
(Arbo, 2005; Arbo et al., 2015).

Our results suggest an indirect way in which leaf-cutting 
ants, through the production of organic waste, can benefit 
plants by promoting positive changes in its development 
and nutritional status (Pirk and Farji- Brener, 2013). In 
addition, the plants that access the NR of leaf-cutting ants 
can not only improve physical and nutritional performance 
but can also benefit reproductive performance (fitness), 
for example, with greater production of flowers, fruits and 

seeds, as well as increased germination rate (Santos et al., 
2019). In short, the high nutritional quality of NR, the 
positive effects observed in the development of native 
plants or for commercial use in greenhouse cultivation (this 
study, Santos et al., 2018) or at the field level (Santos et al., 
2019), make NR a potentially important natural fertilizer 
with multiple uses.

5. Conclusion

The presence of NR of A. balzani in the soil provided 
an increase in the nutrient content of the soil with rapid 
availability for the plants, considering the short period of 
the experiment. This natural fertilizer contributed to the 
production of more vigorous plants, with a higher content 
of chlorophyll and leaf nutrients when compared to the 
control treatment. As it is relatively abundant and easy 
to collect, the NR of nests of A. balzani has the potential 
to be used as an alternative substrate in the production 
of shortlife cycle plants.
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