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Abstract – A great number of plant species is collected 

selectively in the habitat by leaf-cutting ants, but it is 

unknown about anatomy of leaves and silicon content of 

preferred plants. Thus, our study was investigated the leaf 

anatomy and silicon content in the foraged plants by grass-

cutting and leaf-cutting ants Atta bisphaerica and Atta 

sexdens rubropilosa. Food preference differs between the two 

studied ants, with A. s. rubropilosa preferentially foraging on 

dicotyledons and A. bisphaerica on grasses. Our results 

showed that the leaves of grasses are extremely vascularized 

and contain large numbers of lignified cells, while in dicot 

leaves the vascular bundles are more distant and cells with 

lignified walls are rarer. Furthermore, analysis of the silicon 

content of preferred plants clearly showed a higher silicon 

content of grasses compared to most dicotyledons. Our study 

contributes to a better understanding of the so far unknown 

anatomy of leaves and silicon content of preferred plants by 

and leaf-cutting ants Atta bisphaerica and Atta sexdens 

rubropilosa. 
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I. INTRODUCTION  
 

The leaf-cutting ants use several alimentary sources for 

diet composition, provided mainly from plant sap [1]-[3], 

symbiotic fungus [4], [5] and proctodeal trophallaxis with 

larvae in the colony [6]. 

This alimentary structural complex is based on plant 

selection, used as substrate for the symbiotic fungus 

cultivation [4], [7]-[9]. Thus, a great number of plant 

species is collected selectively in the habitat [10]. 

However, some species of leaf-cutting ants have 

preferential in certain plants (dicotyledons) and others 

grasses (monocotyledons) [11].  

The leaf of grasses contains lignified cells [12], which 

are more resistant to cutting, as well as solid particles of 

silica (SiO2nH2O) is located in the epidermal cells [13]. 

These features have been associated with a many 

functions, including protection against fungal, prevention 

to water loss, structural support and protection against 

herbivores [14]-[16]. Moreover, silica accumulation in 

grasses increases leaf abrasiveness, causing the wear and 

deterioration of mandibles and impairing insect feeding 

[17]-[18].  

The objective of the present study was to investigated 

the leaf anatomy and silicon content in the foraged plants 

by grass-cutting and leaf-cutting ants Atta bisphaerica 

and Atta sexdens rubropilosa. 

 

II. MATERIAL AND MATHODS 
 

A. Studied Species 
Plant materials foraged by the two leaf-cutting ant 

species (A. bisphaerica and A. s. rubropilosa) were 

selected: Paspalum sp., Acalypha sp., Ligustrum sp., 

Eucalyptus sp., Citrus sp., and Gmelina arborea, 

respectively.   
B. Anatomical study of the foraged plant material 

The anatomical study was conducted at the Laboratory 

of Plant Anatomy, Department of Botany, Institute of 

Biosciences, UNESP, Botucatu, SP. Samples of the leaf 

blade of Paspalum sp. were collected across the A. 

bisphaerica trail near the entry holes of the nests, which 

were located in a pasture area. For A. s. rubropilosa, the 

samples were collected in a laboratory colony. Foraging 

was performed by opening one of the connections of the 

colony, providing access to an arena where Acalypha sp., 

Ligustrum sp., Eucalyptus sp., Citrus sp., and Gmelina 

arborea plants were available. The fragments were 

collected as they were cut by the workers. 

After collection, the fragments were fixed in 50% FAA 

for 24 h and cut transversely with a Ranvier microtome. 

The sections obtained were cleared in 20% sodium 

hypochlorite, washed in water-1% acetic acid and distilled 

water, and stained with Safrablau [19]. Semi-permanent 

slides were mounted with glycerin jelly and examined 

under an Olympus BX41 light microscope. Relevant 

results were documented with an Olympus Camedia C-

7070 digital camera coupled to the microscope. 

C. Quantification of silicon in the foraged plant 

material 
For this study, samples of the foraged plants were 

collected, dried in a forced air circulation oven (65 ºC), 

ground, and sent to the Laboratory of Soil-Plant 

Relationship, Department of Agriculture, College of 

Agricultural Sciences (Faculdade de Ciências 

Agronômicas - FCA-UNESP), Botucatu, SP. 10 used to 

analyze silicon in plant tissue. Mean silicon levels were 

compared by analysis of variance (α=0.05%). 
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III. RESULTS 
 

A. Anatomical study of the foraged plant material 

Acalypha sp 
The leaf blade of Acalypha sp. has uniseriate epidermis 

covered with a moderately thick cuticle (Fig. 1). Stomata 

occur on the abaxial surface of the leaf blade and are 

arranged at the same level of the common epidermal cells. 

The mesophyll is dorsiventral and consists of a layer of 

palisade parenchyma and four to six layers of spongy 

parenchyma (Fig. 1). Idioblasts containing calcium 

oxalate crystals are observed in the mesophyll (Fig. 1). 

The vascular bundles are small and located distant from 

one another. 

In the midrib region (Fig. 1), the cortex is formed by 

four or five layers of collenchyma and six to eight layers 

of parenchyma cells. The vascular system is composed of 

primary phloem and xylem.The scarcity of lignification is 

remarkable and the vessel members are the only cells with 

lignified walls (Fig. 2).  

Gmelina sp. 

The leaf blade of Gmelina sp. has uniseriate epidermis 

covered with a thin cuticle (Fig. 3). Stomata are found on 

the abaxial surface of the leaf blade and are arranged at 

the same level of the common epidermal cells. Glandular 

and non-glandular trichomes are found on both leaf blade 

surfaces, but are more abundant on the abaxial surface 

(Fig. 3). The mesophyll is dorsiventral and consists of one 

to two layers of palisade parenchyma cells and three or 

four layers of shorter parenchyma cells with reduced 

intercellular spaces (Fig. 3). The vascular bundles are 

surrounded by a sheath of parenchyma extending in the 

direction of the epidermis of the abaxial and adaxial leaf 

blade surfaces (Fig. 3).  

In the midrib region, glandular and non-glandular 

trichomes also occurs in the epidermis (Fig. 4). The 

cortex is formed by about four layers of collenchyma cells 

and four to five layers of parenchyma cells (Fig. 4). The 

vascular system consists of primary phloem and xylem 

and the scarcity of lignified elements is a notable feature 

throughout the leaf blade (Fig. 4). 

Eucalyptus sp. 

The leaf blade of Eucalyptus sp. has uniseriate 

epidermis covered with a thick cuticle (Fig. 5). Stomata 

are found on both leaf blade surfaces and are arranged at 

the same level of the common epidermal cells. The 

mesophyll is exclusively constituted by five or six layers 

of elongated parenchyma cells (Fig. 5). Oil cavities are 

observed in the mesophyll and are more common in the 

adaxial portion of the leaf blade (Fig. 5). The vascular 

bundles are surrounded by a sheath of lignified fibers 

(Fig. 5). 

In the midrib region, the cortex consists of three to four 

layers of collenchyma and four or five layers of 

parenchyma cells (Fig. 6). A well-established cambial 

zone is observed between the xylem and phloem (Fig. 6). 

Citrus sp. 

The leaf blade of Citrus sp. has uniseriate epidermis 

(Figs. 7 and 8) covered with thick cuticle. Stomata are 

found on the abaxial leaf surface and are arranged at the 

same level of the common epidermal cells. Idioblasts 

containing prismatic crystals of calcium oxalate are 

observed in the epidermis on both leaf surfaces (Figs. 7 

and 8). The mesophyll is dorsiventral and consists of two 

to three layers of palisade parenchyma and about 10 

layers of spongy parenchyma (Figs.  7). Oil cavities are 

found in the mesophyll, beneath the epidermis, and are 

more common on the adaxial surface of the leaf (Fig. 7). 

Cells containing clusters of raphides are observed in the 

mesophyll (Fig. 8). The vascular bundles immersed in the 

mesophyll are constituted by primary phloem and xylem 

and exhibit a cap of fibers with lignified walls 

surrounding the phloem (Figs. 7 and 8).  

In the midrib region, the cortex is composed of 

collenchyma and parenchyma cells (Fig. 9). The vascular 

system is externally surrounded by a sheath consisting of 

four or five layers of fibers with lignified walls (Fig. 9). 

An installed cambium zone is observed between the 

xylem and phloem (Fig. 9). 

Ligustrum sp. 

The leaf blade of Ligustrum sp. has uniseriate 

epidermis covered with a moderately thick cuticle (Fig. 

10). Stomata are found on the abaxial leaf surface and are 

arranged at the same level of the common epidermal cells. 

Sessile and scarce glandular trichomes are observed on 

both leaf blade surfaces and are inserted into small 

recesses in the epidermis (Fig. 10). The mesophyll is 

dorsiventral and consists of one or two layers of palisade 

parenchyma and five layers of spongy parenchyma (Fig. 

10). The vascular bundles immersed in the mesophyll are 

small and close to each other (Fig. 10).  

In the midrib region (Fig. 11), the cortex is formed by 

three or four layers of collenchyma and about eight layers 

of parenchyma. A well stablished cambial zone is 

observed between the phloem and xylem (Fig. 11). In 

general, a finding that calls attention is the scarcity of 

lignification, with the vessel members of the xylem being 

the only cells with lignified walls (Fig. 11). 

Paspalum sp. 

The leaf blade of Paspalum sp. has uniseriate 

epidermis. The common epidermal cells present thick 

lignified walls (Figs. 12) Clusters of bulliform cells are 

found on the adaxial surface of the leaf blade (Fig. 13). 

Stomata are present on both leaf blade surfaces (Figs. 12 

and 13). In the mesophyll, the chlorophyll parenchyma 

cells extend radially around the vascular bundles 

characterizing Kranz anatomy (Figs. 12 and 13). Groups 

of fibers with lignified walls are found beneath the 

epidermis on both leaf blade surfaces (Figs. 12). A well-

delimited endodermis surrounds the vascular bundles, 

which are numerous and disposed close to each other, 

(Figs. 12 and 13). Perivascular fibers are present in the 

vascular bundles with larger caliber (Fig. 13). 

B. Quantification of silicon in foraged plant 

material 
A significant difference in mean silicon content was 

observed between the plant species studied (ANOVA, F6, 

14 = 16.6624, p < 0.0001). Paspalum sp. (10515.6±863.2 

mg kg-1) did not differ from Gmelina sp. (9601.0±686.0 

mg kg-1), but differed from Ligustrum sp. (6515.0±343.0 
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mg kg-1), Citrus sp. (7887.0±686.0 mg kg-1), Acalypha 

sp. (6858.0±343.0 mg kg-1) and Eucalyptus sp. 

(6972.3±523.9 mg kg-1) (Tukey post-test, p < 0.001). The 

silicon content of Gmelina sp. differed from that of 

Ligustrum sp., Acalypha sp. and Eucalyptus (Tukey post-

test, p < 0.001), but not from Citrus sp. Ligustrum sp. 

differed from Acalypha sp. and Eucalyptus sp. (Tukey 

post-test, p < 0.001). 

 

 
Figs. 1-6. Micrographs of cross-sections of the leaf blades. 1-2. 

Acalypha sp. 1. General view showing uniseriate epidermis and 

dorsiventral mesophyll. Observed idioblasts with calcium 

oxalate crystals in the mesophyll. 2. Midrib showing epidermis, 

cortex with collenchyma and parenchyma, and vascular system. 

3-4. Gmelina sp. 3. Overall view showing uniseriate epidermis 

with glandular and non-glandular trichomes and dorsiventral 

mesophyll. Note the extent of the bundle sheath extension. 4. 

Section of the midrib showing the uniseriate epidermis with 

trichomes, cortex consisting of collenchyma and parenchyma, 

and vascular system. 5-6. Eucalyptus sp. 5. Overall view 

showing uniseriate epidermis, mesophyll with palisade 

parenchyma cells and oil cavities, and vascular bundles. 6. 

Midrib showing uniseriate epidermis, cortex with collenchyma 

and parenchyma, and vascular system with well-established 

cambial zone. BSE: bundle sheath extension; CO: collenchyma; 

CR: crystal; CZ: cambial zone; NT: non-glandular trichome; 

OC: oil cavity; PH: phloem; PP: palisade parenchyma; SP: 

spongy parenchyma; GT: glandular trichome; VB: vascular bun- 

-dle; XY: xylem;. Scale bars: 1, 3, 5 = 100 μm; 2, 4, 6 = 150 μm. 

 
Figs. 7-13. Micrographs of cross-sections of the leaf blades. 7-9. 

Citrus sp. 7-8. Overall view showing uniseriate epidermis with 

idioblasts of calcium crystals, dorsiventral mesophyll with oil 

cavities idioblasts with raphides, and vascular bundles. 9. Midrib 

showing uniseriate epidermis, cortex with collenchyma and 

parenchyma, and vascular system surrounded by a sheath of 

lignified fibers. Observe the well-established cambial zone. 10-

11. Ligustrum sp. 10. Overall view showing uniseriate epidermis 

with sparse glandular trichomes and dorsiventral mesophyll. 11. 

Midrib showing uniseriate epidermis, cortex with collenchyma 

and parenchyma, and vascular system with a well-established 

cambial zone. 12-13. Paspalum sp. Sections showing cells with 

lignified walls, bulliform cells and stomata in the epidermis; 

mesophyll with chlorophyll parenchyma arranged radially 

around vascular bundles. Observe the endodermis with large 

cells around the vascular bundles and groups of fibers beneath 

the epidermis. BC: bulliform cells; CO: collenchyma; CP: 

chlorophyll parenchyma; CR: crystal; CZ: cambial zone; EN: 

endodermis; GT: glandular trichome; OC: oil cavity; FI: fibers; 

PA: parenchyma; PH: phloem; PP: palisade parenchyma; RP: 

raphides; SP: spongy parenchyma; VB: vascular bundle; XY: 

xylem. Scale bars: 7, 8, 10, 12, 13 = 100 μm; 9, 11 = 150 μm. 

 

IV. DISCUSSION 
 

Food preference differs between the two studied ants, 

with A. s. rubropilosa preferentially foraging on 

dicotyledons and A. bisphaerica on grasses [21]. This fact 

is due to the biome that these species inhabit. The 

morphological structure of the leaf blades of the preferred 

plants supports the differences in the behavior of leaf 

cutting and cultivation of the symbiotic fungus by the 

workers. The leaves of grasses are extremely vascularized 

and contain large numbers of lignified cells, while in dicot 

leaves the vascular bundles are more distant and cells 
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with lignified walls are rarer (see anatomical description). 

These results corroborate the fact that grass-cutting ants 

perform a less thorough processing of the plant material 

compared to leaf-cutting ants because of the greater 

hardness and shear strength of these leaves, which impair 

their digestibility by the animals. In grasses, the presence 

of epidermal cells with lignified walls is the first 

mechanical barrier that protects the leaves against 

herbivory and pathogen attack [21]. Thus, although it is 

known that glandular and non-glandular trichomes, 

calcium crystals and structures producing secondary 

metabolites play an important role in the defense of plants 

against the attack of herbivores and pathogens [23]. In the 

present study the abundance of cells with lignified walls 

exerted a greater influence on the degree of processing of 

plant fragments by leaf-cutting ants. 

Furthermore, analysis of the silicon content of preferred 

plants clearly showed a higher silicon content of grasses 

compared to most dicotyledons. The presence of silicon in 

plant tissues is a mechanism to reduce herbivory by 

vertebrates [24] and invertebrates [25] by means of an 

increase in shear strength and its abrasive effect on 

mandibles, acting as a food deterrent [26]. One way to 

reduce the abrasive effect on mandibles is the 

incorporation of inorganic components in the latter, which 

renders them more resistant when interacting with the 

environment. For example, a high correlation between 

mandibular tooth hardness and zinc content has been 

observed in A. s. rubropilosa [27], but this mineral 

enrichment is unknown for grass-cutting species which 

forage plants with a high silicon content. 

Thus, our study contributes to a better understanding of 

the so far unknown anatomy of leaves and silicon content 

of preferred plants by and leaf-cutting ants Atta 

bisphaerica and Atta sexdens rubropilosa. 

 

V. ACKNOWLEDGMENT 
 

R.S. Camargo thanks Coordenação de Aperfeiçoamento 

de Pessoal de Nível Superior (CAPES) for the 

Postdoctoral fellowship. L.C. Forti thanks Conselho 

Nacional de Desenvolvimento Cientifico e Tecnológico 

for the research assistance (301917/2009-4). 

 

VI. REFERENCES 

  
[1] M. Littledyke, J. M. Cherrett (1976). Direct ingestion of plant 

sap from cut leaves by the leaf-cutting ant Atta cephalotes (L.) 

and Acromyrmex octospinosus (Reich) (Formicidae, Attini). 
Bull Entomol Res 66: 205-217. doi: http:// 

dx.doi.org/10.1017/S0007485300006647. 

[2] M. Bass, and J. M. Cherrett, Fungal hyphae as a source of 
nutrients for the leaf-cutting ant Atta sexdens. Physiological 

Entomology 20:1-6, 1995H. Poor, an Introduction to Signal 

Detection and Estimation.   New York: Springer-Verlag, 1985, 
ch. 4.  

[3] L.C. Forti, and A. P.P. Andrade. Ingestão de líquidos por Atta 

sexdens (L.) (Hymenoptera, Formicidae) durante a atividade 
forrageira e na preparação do substrato em condições de 

laboratório. Naturalia 24: 61-63, 1999.M. Young, the Techincal 

Writers Handbook.  Mill Valley, CA: University Science, 1989. 
[4] N. A. Weber, Gardening ants: The Attines. Philadelphia:  

memoirs of the American Philosophical Society, 146pp. 1972. 

[5] R. J. Quinlan, and J. M. Cherrett. 1979. The role of fungus in 

the diet of the leaf-cutting ants Atta cephalotes (L). Ecological 

Entomology 4: 151-160. 
[5] M. Schneider, 2000. Observations on brood care behavior of the 

leaf-cutting ant Atta sexdens L. (Hymenoptera: Formicidae). 

Abstract 3547. Page 895 in Abstract of the XXI International 
Congress of Entomology (20-26 August 2000, Foz do Iguaçu). 

Embrapa Soja, Londrina 

[6] E. O. Wilson, (1980). Caste and division of labor in leaf-cutter 
ants (Hymenoptera, Formicidae). I: The overall pattern in A. 

sexdens. Behav Ecol Sociobiol 7: 143-156. Doi 

10.1007/BF00299521 
[7] E.O. Wilson, (1983). Caste and division of la IV: Colony 

ontogeny of A. cephalotes. Behav Ecol Sociobiol 14: 55-60. Doi 

10.1007/BF00366656bor in leaf-cutter ants (Hymenoptera, 
Formicidae: Atta).  

[8] A. P. P. Andrade,et al (2002). Behavior of Atta sexdens 

rubropilosa (Hymenoptera: Formicidae) workers during the 
preparation of the leaf substrate for symbiont fungus culture. 

Sociobiology 40(2): 293-306. 

[9] A. Hölldobler and E. O. Wilson. (1990). The ants. Cambridge, 
Harvard University Press, 733p. 

[10] Della-Lúcia, T. M. C. 2011. Formigas cortadeiras: da 

bioecologia ao manejo. Editora UFV. Viçosa. Brazil. 421 p. 
[11] S.M, Scheffer-basso, et al (2002). Efeito de freqüência e altura 

de corte em dois genótipos de Bromus auleticus trin, ex ness. 

Revista Brasileira de Agrociência, v. 8, n. 3, p. 191-194, 2002.  
[12] Motomura H, Mita N, Suzuki M (2002). Silica accumulation in 

long-lived leaves of Sasaveitchii (Carriere) Rehder (Poaceae-
Bambusoideae). Ann Bot 90(1):149-152. doi: 

10.1093/aob/mcf148  

[13] A. Lux, M. Luxová, J. Abe et al (2003). The dynamics of silicon 
deposition in the sorghum root endodermis. New Phytol 158: 

437–441. doi 10.1046/j.1469-8137.2003.00764.x 

[14] W. E. G. Müller (2003). Silicon biomineralization: biology, 

biochemistry, molecular biology, biotechnology. Berlin, 

Springer. 

[15] T. Hattori, S. Inanaga, H. Araki, et al (2005). Application of 
silicon enhanced drought tolerance in Sorghum bicolor. Physiol 

Plant 123(4): 459-466. doi: 10.1111/j.1399-3054.2005.00481.x 

(Journal Online Sources style) K. Author. (year, month). Title. 
Journal [Type of medium]. Volume (issue), paging if given. 

Available: http://www.(URL)  

[16] F. P. Massey, M. J. Smith, X. Lambin, et al (2008). Are silica 
defences in grasses driving vole population cycles? Biol Lett 4: 

419–422. doi: 10.1098/rsbl.2008.0106. 

[17] F. P. Massey, R. Ennos, S. E. Hartley (2009). Herbivore specific 
induction of silica-based plant defences. Oecologia 152: 677-

683 doi http://dx.doi.org/10.1007/s00442-007-0703-5 

[18] F, Bukatsch Bermerkungen zur Doppelfärbung Astrablau–
Safranin. Mikrokosmos, 1972, .61: 255. 

[19] A L Elliott, G. H Snyder (1991). Autoclave-induced digestion 

for the colorimetric determination of silicon in rice straw. J 
Agric Food Chem 39: 1118-1119. Doi 10.1021/jf00006a024C. 

J. Kaufman, Rocky Mountain Research Lab., Boulder, CO, 

private communication, May 1995.  
[20] H. G. Fowler, P. Silva, L. C. Forti et al (1986) Economics of 

grass-cutting ants. In: Lofgren, C.S. & Vander Meer, R.K. Fire 

ants and leaf-cutting ants: Biology and management. Westview 
Press, Boulder, 18-35p. 

[21] P. J. Peeters (2002). Correlations between leaf structural traits 

and the densities of herbivorous insect guilds. Biological 
JournalLinnean Society 77: 43-65. doi: 10.1046/j.1095-

8312.2002.00091.x 

[22] P. G. Correa, R. M. M. Pimentel, J. S. A. Cortez (2008). 
Herbivoria e anatomia foliar em plantas tropicais brasileiras. 

Ciência e Cultura 60: 54-57.E. H. Miller, “A note on reflector 

arrays (Periodical style—Accepted for publication),” IEEE 
Trans. Antennas Propagat., to be published.  

[23] S. J. McNaughton, J. L. Tarrants (1983). Grass leaf silicification 

natural selection for an inducible defense against herbivores. 
PNAS 80:790–791. doi:10.1073/pnas.0808075106 

[24] M. Vicari, D. R. Bazely (1993). Do grasses fight back the case 

for antiherbivore defenses. Trends Ecol Evol 8(4): 137-141. doi: 
10.1016/0169-5347(93)90026-L. 

[26] F. P. Massey, S. E. Hartley (2006). Experimental demonstration 

of the anti-herbivore effects of silica in grasses: impacts on 

http://dx.doi.org/10.1017/S0007485300006647
http://dx.doi.org/10.1017/S0007485300006647
http://www.(url)/
http://dx.doi.org/10.1007/s00442-007-0703-5


 

Copyright © 2017 IJAIR, All right reserved 

1010 

International Journal of Agriculture Innovations and Research 

Volume 5, Issue 6, ISSN (Online) 2319-1473 

foliage digestibility and vole growth rates. Proc. R. Soc. B.  

273(1599): 2299-2304. doi 10.1098/rspb.2006.3586 
[25] R. M. Schofield, M. H. Nesson, K. A. Richardson. (2002) Tooth 

hardness increases with zinc-content in the mandibles of young 

adult leaf-cutter ants. Naturwissenschaften, 89(12): 579-83. 
doi10.1007/s00114-002-0381-4 

 

AUTHORS’ PROFILE 
 

Lais Cristina da Silva  
 Engineer Agronomist graduated from Catholic University Dom 

Bosco (UCDB) (2007-2010), Master’s degree in Agronomy/Plant 

Protection from São Paulo State University- UNESP (2014) 
working with behavioral studies and morphology of leaf-cutting 

ants. And is at present attached to the São Paulo State University as 

a PhD student where develops researches in techniques of creating 
bugs in the laboratory and in agricultural experimental field crops, 

with emphasis on integrated pest management in corn. 

 
Dr. Roberto da Silva Camargo  
Studied Agricultural Engineer in gat São Paulo State University 

(1997-2001), Master in Agronomy (Plant Protection) at São Paulo 
State University (2002-2004) and PhD in Agronomy (Plant 

Protection). For the Post Doctor at São Paulo State University 

(2004-2007), and Universität Würzburg, Germany (2008-2010). 
Young Researcher By São Paulo State University (2011-2012). 

Post doctor at Federal University of Juiz de For a (2012-2013). He 

has experience in Agronomy, with emphasis on Agricultural 
Entomology. Currently, he is attached to São Paulo State 

University, as a postdoctoral reseacher (2013-2018). 
 

Kátia Kaelly Andrade Sousa  

Graduated in Biological Sciences in gat Universidade Federal do 

Piauí (UFPI), master's studying in Agronomy/Plant Protection from 
São Paulo State University- UNESP, Campus Botucatu, SP, Brazil. 

Working with behavioral studies of leaf-cutting ants in laboratory 

of social pest insects (LISP). 

 

Dra. Tatiane Maria Rodrigues  

Bachelor's degree in Biological Sciences, a Master's Degree in 
Biological Sciences (Botany) and a Ph.D. in Biological Sciences 

(Botany) by the Saõ Paulo State University. Works in the area of 

Plant Morphology developing research with emphasis on anatomy 
of vegetative organs and cellular ultrastructure.  Currently is 

Assistant Professor of Plant Morphology in the Department of 

Botany, IBB and Vice-coordinator of the Graduate Program in 
Biological Sciences (Botany), IBB at Saõ Paulo State University. 

 

Stefany Cristina de Melo Silva 

Biological Sciences graduated at São Paulo State University 

(Unesp), Institute of Biosciences, Botucatu (2012-2016). She has 
experience in Botany, with emphasis in Plants Anatomy. She had 

an Initiation Scientific - FAPESP scholarship and Technical 

Training level 1-FAPESP scholarship at Laboratory anatomy and 
research plants (LaPAV) in the same University. Currently, she is 

Master’s degree student in  Biological Sciences- Botany (2017-

2019) 

 

Luiz Carlos Forti 

Agronomy Engineer Professor in Plant Protection at São Paulo 
State University UNESP- Botucatu-SP, Brazil. Leader of the 

research group LISP (laboratory of social pest insects). 

 

 
  

 

 
  

 

 

 

 
 

 
 


