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@HEE Vulnerability of groundwater in the semiarid region

==. of Bahia, municipality of Tucano, by GOD method

Yuri dos Santos Nascimento*
Janisson Batista de Jesus?

Ricardo Lacerda Gomes?

Abstract

Human activities can promote contamination of aquifers, compromising the quality of
groundwater. Therefore, it is important to map the risks of vulnerability of natural environments, and
one of the most used methods is the GOD (Groundwater occurrence; Overall aquifer class; Depth to
groundwater). The present study has the objective of analyzing the vulnerability of aquifers to conta-
mination in the municipality of Tucano, using GOD method. For the study, geological and hydrogeo-
logical data from 449 tubular wells obtained from the SIAGAS database (CPRM) were analyzed. G
parameter was defined for the majority of the area as an unconfined aquifer, O parameter received
values between 0.4 and 0.8 (due to variation of the lithological composition along the area) and D
parameter, corresponding to the depth of the static level, was between 0.6 and 0.9, indicating a
superficial water table. The GOD method indicated the occurrence of four classes of vulnerability:
insignificant (1.28 %), low (71.99 %), average (23.79 %) and high (2.94 %). It was verified a low to
medium vulnerability in most of Tucano territory, indicating low risk of contamination for the aquifer;
an index pointing out high vulnerability was found only in the portion of Itapicuru River.

Keywords: Aquifer. Contamination. Geoprocessing.

Introduction

Near 97% of fresh water available for human use can be found in the underground layers (MEI-
RA et al., 2014); however, natural quality of these water reserves may be at risk due to their excessive
exploitation, uneven soil occupation and non-compliance to legislation (RIBEIRO et al., 2011). That
may be due to eventual releases of pollutants on soil surface, they can reach aquifers if met with
favorable infiltration and percolation environment (BATISTA et al., 2016).

Groundwater is usually of good quality; therefore, 39% of Brazilian municipalities collect them
through tubular wells. In the state of Bahia, 78 cities are supplied solely by this water source, and 32
use groundwater as a complement to their supply (ANA, 2010).

In the municipality of Tucano, northeast Bahia, the tubular wells are registered in the Un-
derground Water Information System (SIAGAS, 2016), at the Geological Service of Brazil (Mineral
Resources Company - CPRM). These wells are intended for domestic industrial and commercial use,
providing water for animals, among other uses (VIEIRA et al., 2005). In addition, groundwater is of
great touristic importance for the semi-arid region because of thermal waters that attract visitors,

1 Faculdade Dom Luiz de Orleans e Bragancga, engenheiro civil. yuri.dnsantos@gmail.com. BR 110, Km 7, Pombalzinho, Ribeira do
Pombal (BA), CEP: 48.400-000.

2 Universidade Federal do Rio Grande do Sul, Programa de Pés-Graduagao em Sensoriamento Remoto, janisson.eng@gmai.com.
3 Universidade Federal da Bahia, ricardolacerdal 2@hotmail.com.
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generating income and development for the locality. Therefore, it is important to supervise the quali-
tative and quantitative standard of these waters, since wells that are not monitored can become con-
tamination routes for groundwater, affecting water quality in the aquifer (FERON; REGINATO, 2014).

According to Feron and Reginato (2014), there are distinct factors that must be not only in-
tegrated but analyzed in order to assess the vulnerability of aquifers. These factors may be natural
(soil cover, existence of confined layers, structure and composition of rocks, among others) or through
human intervention, according to Marquezan (2008). Thus, agricultural, industrial, urban and mining
activities pollute by emission and leachate, excessing the soil natural attenuation capacity on cover
layers (FOSTER et al., 2002).

The ideal is to maintain groundwater quality by analyzing the vulnerability and risk of conta-
mination in order to identify regions that present different risks of impurities (REGINATO; AHLERT,
2013). One of the most used methods in those analyzes is the GOD method, an acronym of each
phase: Groundwater occurrence, Overall aquifer class and Depth to groundwater. The methodology
proposed by this method, besides being very useful, serves to guide soil occupation, avoiding areas
that may have greater potential for aquifers contamination, assisting, thus, in the management of
water resources (SANTOS et al., 2013).

The GOD method for assessing the vulnerability of the aquifer to contamination is of simple
application and it was widely tested in the Caribbean and Latin America in the 1990s (FOSTER et
al., 2002), nowadays, it is widely used in Brazil (SOUZA et al. , 2004, MONTEIRO; PEIXOTO, 2013,
TERRA et al., 2013, DUARTE et al., 2016, SABADINI et al., 2017).

Therefore, when considering the potential risk of contamination of aquifers and anthropogenic
exploration activity, the present study was carried out with the goal of analyzing the vulnerability of
groundwater to contamination, using the GOD method, in the municipality of Tucano, state of Bahia.

Material and methods

Area of study and data collection

The study was carried out in the municipality of Tucano, Bahia, with a total area of 2,817.74
km?, located between the UTM (X/Y) coordinates: 552151,32 / 8740373,09 and 482422,268 /
8817963,622, in northeast Bahia, in the central portion of Itapicuru River Basin, located in the
semi-arid climatic region, with annual rainfall lower than 700 mm, vegetation cover with pastures in-
terspersed with areas of Caatinga vegetation (INEMA, 2017) and this type of soils: Latosols, Planosol
and Vertisol, these are the predominant soils in the municipality (EMBRAPA SOLOS, 2016).

The depth (static water table level) and lithological composition of each well, of a total of 449,
as well as lithology of the study area were acquired from Geological Survey of Brazil website (CPRM,
2017), through Groundwater Information System (SIAGAS) and from Data, which in turn provides
data on the wells in Brazil, which were used for the present study of a time series of 01/01/1938 to
10/08/2013.

GOD Method

The GOD method is divided into three phases (groundwater confinement rate, characteristic of
the stratum of the aquifer and depth of the water table), it considers different conditions and establish
a greater or lower potential of vulnerability of the aquifer (FIGURE 1) based on the characteristics of
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each aquifer; for each characteristic, it was attributed a specific “weight” according to their composi-
tion, associated to the one verified in the municipality of Tucano.

The lithotype and lithology data were used to define the degree of confinement and the coverage
strata, they were converted into a Raster matrix file and the values were assigned to each characteris-
tic. In Phase 3, from the static groundwater vector data of each well, the Inverse Distance Weighting
(IDW) method was performed, grouping the values according to the five depth classes of the method
and exporting to a new Raster.

Figure 1. GOD method to classify aquifer contamination vulnerability.
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All data were worked on ArcGIS 10.2.2, each Phase of the GOD method was performed inde-
pendently in order to subsequently cross (multiply) the information of each pixel with its respective
assigned value and generate the final map vulnerability of the aquifer.

Results and discussion

The geological strata from the analyzed wells, which involve the lithologic characteristics that
influenced the formation of the soil and the degree of consolidation of the vadose zone, presented two
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defined units: Supracrustal Coverage and Crystalline Basement (TABLE 1), which have a correlation
with their ligotype associated with the substrate characteristic and, consequently, the degree of vul-

nerability.

Table 1. Classification of existing geological formations in the municipality of Tucano (BA).

Geological Unit

Ligotypes

Characteristics

Supracrustal Coverage

Subarkoses sandstone, Coal,
Shale, Siltstone

Sedimentary - Intergranular /
Unconfined

Supracrustal Coverage

Sandy argilite,
Conglomerate sandstone

Sedimentary - Intergranular /
Unconfined

Supracrustal Coverage

Calcilutite, Sandstone,
Conglomerate Sandstone, Conglomerate

Essentially Intergranular
with influence Cérstica / -

Supracrustal Coverage

Conglomerate, Shale, Sandstone,
Siltstone, Silexite

Sedimentary - Intergranular /
Unconfined

Supracrustal Coverage

Sand deposits,

Gravel deposits

Half porous behavior /

Unconfined

Supracrustal Coverage

Clay deposits,

Half porous behavior/

Gravel deposits Unconfined
Crystalline Basement Granodiorite and Granite Fissural / —
) Metabasalt, )
Crystalline Basement ) Fissural / —
Iron flock formation (BIFs)
Metasandstone, Metaconglomerate, .
Supracrustal Coverage Fissural / —
Metachert
Contact between
Crystalline Basement and Metadacite, Metatuff Fissural / —
Supracrustal Coverage
Contact between Migmatite, Kinzigite,
Crystalline Basement and Fissural / —

Supracrustal Coverage

Calcissilicatica rock, Quartzite

Supracrustal Coverage

Siltstone, Carbonaceous shale,
Calcilutite, Sandstone

Sedimentary - Intergranular / -

Supracrustal Coverage

Siltstone, Shale, Argilite, Sandstone
Unconfined

Sedimentary - Intergranular /

Source: Prepared by the authors (2017).

Table 1 shows the supracrustal cover, which is associated to the sequence of the Marizal
For-mation of the Tucano region, is the unit that best represents the recharge area for Tucano basin,
due to the fact that it is covered by sedimentary package (MESTRINHO et al. , 2006) and
because of the characteristics of the ligotipo, which has a higher permeability index, although it
has a clayey characteristic with local silico-sandy spots, whereas the permeability index is lower for
the Crystalline Basement sector even if it is fractured, conferred by the ligotipo composition.
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The degree of groundwater confinement is directly related to the depositional cycle of the ba-
sin and to the lateral continuity of the sedimentary layers, indicating a free vertical and horizontal
dynamic of the water flow at the most sandy recharge points; consequently, these points will have a
higher permeability. Note that the groundwater in the studied area is mostly unconfined, assuming
the highest values in the confinement stage (FIGURE 2), while the regions of geological compositions
of fissured rocks obtained the lowest values.

Figure 2. Maps with values assigned by the GOD method for each phase: confinement, lithology and depth
in the municipality of Tucano-BA.
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Source: Prepared by the authors (2017).

Lithology considers the values for the texture typologies, soil and rocks present in the vadose
layer, this layer is located above the water table of each well; the lowest value (0.4) was characte-
rized by the presence of clay deposit. In the wells with sandstone sediments, values of 0.6 to 0.8
were accepted, values of 0.5 (in the central portion of the studied area) were the most representative,
influenced by the clay layer of the lithological material. 0.7 value was observed in all eastern regions,
being also spatially significant in the area, indicating the influence of strata occurrence.

In terms of distance values from the surface to the static groundwater level, the most repre-
sentative values were 0.8 and 0.9, which shows how superficial the aquifer is in the studied region,
since the lowest value of 0.6 (depth greater than 50 m) was verified in some points throughout the
entire municipality.

From the analyzes of the three phases of the GOD method, it was observed the groundwater
of the study area expresses a low (71.99 %) and average (23.79 %) vulnerability (FIGURE 3), with
small areas considered (1.28 %) regarding contamination risk, and only the section referring to the
Itapicuru river showed itself as high (2.94 %), obtaining a value of 0.504; this section is in the limit
for the class of medium to high and it is related to deposits of sand and gravel. This result of higher
risk of contamination associated with the fluvial plains was also verified by Montero and Peixoto
(2013), they observed extreme values of vulnerability along the Aguapei and Tibiriga rivers, therefore,
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the authors recommend rigid restrictions for handling and transporting contaminating substances and
for implanting polluting activities near those areas.

Figure 3. Map of the vulnerability of the aquifer by the GOD method, in the municipality of Tucano-BA
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The low vulnerability index for the Tucano region was also observed by Mestrinho et al. (2006),
when analyzing the GOD method in the whole extension of the Itapicuru River Basin, they found
values under 0.5; according to them, that is due to the presence of the Tucano sedimentary basin.
However, they do not detail the mapping of groundwater in the municipality as it was carried out in
the present study.

Although Phase 3 indicates shallow groundwater, which increases the risk of contamination,
the other Phases of the GOD method (confinement criteria and lithological occurrence) were condition
factors to classify the area vulnerability. Meira et al. (2014) observed a similar situation, observing
the predominance of the moderate vulnerability class in 2/3 of the area of the Guarani aquifer, where
there is the influence of soil type (Argisol) with high depth of the water table. The same conclusion
was reached by Reginato and Ahlert (2013), who studied the Serra Geral aquifer system. Both
aquifers, with groundwater level close to the surface, presented an expressive average and low vul-
nerability. However, for the Guarani, high risk areas were associated exactly to the shallow sites, in
association with the other components of the method, while in the present study, high vulnerabilities
were related to the sandy layer.
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Duarte et al. (2016), when studying groundwater of Humaitd and Amazonas, verified a me-
dium and high vulnerability to the contamination, explained by the fact that it is an unconfined aqui-
fer, with a shallow static level, and it had the influence of the lithological Phase, which had sandy
sediments of the vadose layer as its constituents. On the other hand, Souza et al. (2015) did not verify
a high risk to the contamination even though they had a free, superficial aquifer, with silts and clays
as cover layers, which guarantees less permeability to the contaminants.

There is a significant low vulnerability of groundwater contamination in the municipality of Tu-
cano and, according to Oliveira et al. (2007), groundwater alternates from good quality to acceptable
quality, for the authors, there is an improper pattern of these waters in areas close to the municipality,
and it should be noted the underground water flows from neighboring regions may harm the water
quality of the aquifer, paying attention to the underground water flow that has its preferential hydro-
dynamics in the Itapicuru Basin NW-SE, subordinated locally to a NS flow, towards the river channel,
NS alignment in the central part of the sedimentary domain (Tucano municipality) (PURIFICATION
et al., 2016).

Therefore, even if there is no high risk of environmental vulnerability of groundwater in the mu-
nicipality of Tucano, it is important to monitor the study region in order to reduce anthropic impacts
that may favor the contact of pollutants to aquifer waters.

Conclusions

The GOD method allowed mapping the vulnerability of groundwater in the municipality of Tu-
cano, indicating a low risk of contamination for the aquifer; there are points classified as medium to
insignificant and only the Itapicuru River index pointing out a high vulnerability.

The assessment of potential groundwater contamination must be continuous and include other
methods in order to observe different potentials of the methods and differences on them, aiming to
ensure the aquifers good quality and the proper management of water resources.

Vulnerabilidade das aguas subterraneas na regiao semiarida
da Bahia, municipio de Tucano, pelo método GOD

Resumo

As atividades humanas podem promover a contaminacao dos aquiferos, comprometendo a
qualidade das aguas subterraneas. Por isso, é importante mapear os riscos de vulnerabilidade dos
ambientes naturais, um dos métodos mais utilizados para tanto é o GOD (sigla de Groundwater
occurrence; Overall aquifer class; Depth to groundwater). Sendo assim, o presente trabalho tem o
objetivo de analisar a vulnerabilidade a contaminacao dos aquiferos do municipio de Tucano utilizan-
do 0 método GOD. Para o estudo foram analisados dados geoldgicos e hidrogeoldgicos de 449 pocos
tubulares obtidos no banco de dados SIAGAS (CPRM). O parametro G foi definido na maioria da area
como aquifero nao confinado, o parametro O recebeu valores entre 0,4 e 0,8 (devido a variacao da
composicao litologica ao longo da area) e o parametro D, correspondente a profundidade do nivel
estatico ficou entre 0,6 e 0,9, indicando um lencol freatico superficial. O método GOD indicou a ocor-
réncia de quatro classes de vulnerabilidade: insignificante (1,28 %), baixa (71,99 %), média (23,79
%) e alta (2,94 %). Verificou-se que o municipio de Tucano, na maior parte do territério, possui uma
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vulnerabilidade baixa a média, indicando um baixo risco de contaminacao do aquifero, tendo apenas
na porcao do Rio Itapicuru um indice apontando alta vulnerabilidade.
Palavras-chave: Aquifero. Contaminacao. Geoprocessamento.
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Abstract

The normalized difference vegetation index (NDVI) obtained via radiometer is important to
determine the physiological state of plant, being a promising tool for decision making as to the best
time for the application of agricultural pesticides, to analyze the threshold of economic damage. The
use of drones with digital camera embedded in agriculture is in broad expansion. Through digital
images analyzed in computer programs and correlated with NDVI it is possible to determine the leaf
cover in plants. The aim of this study was to confirm the use of digital images at 30 m in height to
determine the leaf cover, correlating them with NDVI values obtained on the ground. Therefore, 30 m
height photos were taken with the help of a drone and three stages of maize development (N4, N8
and R1), which were considered as treatments; afterwards, the images were analyzed in software to
survey the leaf cover. The NDVI data were obtained in the same areas at a height of 0.5 m from the
crop canopy, and it were submitted to the Scott Knott Test at 5 % significance and Pearson correlation.
There was no statistical difference between methods and the Pearson correlation coefficient value
(0,952) confirms strong evidence for correlation between the two methods. Thus, it can be concluded
that the use of drone with embedded digital camera has promising use for the determination of leaf
cover in maize.

Keywords: Refletance. Digital image. Maize. NDVI.
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Introduction

Remote sensing is understood as an ensemble of techniques that captures spectral information
of plants pigments, measuring culture reflectance without contact of measuring device or any kind
of object (SILVA JUNIOR et al., 2008). Thus, it is possible assess health and vigor of plants through
data reading, being it a non-invasive technique that causes no damage (NILSSON, 1995).

By observing changes in the angle of leaves over time in a plant, it can be detected hydric
stress; the color of leaves can inform limitations and nutritional imbalance, besides the possibility of
identifying attack of pests and diseases (BARTON, 2012). According to Malenovsky et al. (2009),
the acquired data can be used to estimate, for example, chlorophyll content, water content or index
of a leaf area.

Many multispectral sensors are capable of measuring electromagnetic radiation reflected or
emitted by the vegetation (MALENOVSKY et al., 2009). The equipment used to obtain value of
reflectance is the radiometer and its application on agriculture was only possible due to the development
of proximal sensors, such as GreenSeeker®, N-Sensor and Crop Circle (BREDEMEIER et al., 2013).

The behavior of reflectance measures at different cultivation conditions are relevant information
to be used on models to estimate damages (HIKISHIMA et al., 2010), for productivity forecast (ALI
et al., 2014; CAO et al., 2015), agriculture of precision, fertilizers application (CHANG et al., 2014)
and premature detection of lesions caused by herbicides (YAO et al., 2012).

The GreenSeeker® is an instrument that provides normalized difference vegetation index (NDVI)
via reflectance measures, the interpretation of the NDVI provides quick and direct information about
nutritional conditions, physiological state, stress and potential crop yields (GROHS et al., 2009;
GUTIERREZ-SOTO et al., 2011).

Nowadays, digital cameras are promising equipment to measure area leaf on field (ADAMI et
al., 2008), since they are portable and acquire images with good resolution, in a quick and simple
way (GODOY et al., 2007). Zabot et al. (2008) state that the use of digital images is an easy tool to
work with, being possible to collect many images in reduced time to process them with the support of
specifics programs that read images. These specifics programs can detect, quantify and classify plant
diseases from digital images at visible spectrum (BARBEDO, 2013). Another vantage is that analyses
made with digital images have low costs, it can cost less than ten percent of the measurer leaf area
equipment price (GONG et al., 2013).

Digital images manipulation through image editor software provide indexes which express the
plant’s green color. The use of quick technics, as digital image analysis, that allows evaluation directly
on field, can optimize decisions making on the application of pesticides (BACKES et al., 2010).

VANTs and Drones represent a large variety of acknowledged agricultural assignments
(FREEMAN; FREELAND; 2014), highlighting monitoring of natural resources, environment,
atmosphere, hyperspectral imaging, lakes and river observation, such as agricultural practices imaging
and soil use (JORGE et al., 2011).

The processing of digital images obtained through Drones and VANTs on softwares would
dynamically evaluate larger areas of planting if compared to portable sensors, for example, GreenSeeker®.

Therefore, the objective of this work was to correlate digital images data obtained by Drone and
processed on software with NDVI data collected on land with the purpose to determine leaf cover.
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Material and methods

The experiment was conducted at Universidade Estadual de Londrina (UEL), located in Londrina
city, Parana, Brazil, 23°19'40,92” South latitude and 51°12’19,20” East longitude, 560 above sea
leavel, in the 2013/14 harvest.

Digital images such as values of NDVI were obtained from three different phases of maize
culture: V4, V8 and R1, which were used as treatments.

NDVI (Normalized Difference Vegetation Index) is the normalized vegetation index, defined as:

NIR — RED

NIR + RED
\s

NDVI =

At which:
RED: radiation in the range of red (650 nm) incident on plant surface
NIR: near infrared (770 nm) reflected by it

Reflectance lectures (NDVI) were carried out 0,5 meters of distance from culture canopy, in
central lines area, on gaps of b meters, totaling 14 lectures, with 3 repetitions each. The equipment
used for reflectance measures was GreenSeeker®, model RT100, from NTech consisting of an
adjustable sensor at increments of 15°, attached in an arm, also adjustable, that allows to keep it
parallel to vegetation surface. The electric source is necessary to provide energy for optical sensor
and the notebook. The notebook with programs is necessary for obtaining and storing data which are
recorded on SD card (FIGURE1L).

Figure 1. Components of GreenSeeker®, model RT100.

| Portable Computer | —
e source |

¢

Source: adapted from GUTIERREZ-SOTO et al. (2011).

Digital photos were taken from a digital photographic machine: Go Pro of MP, attached to a
drone Phanton 2Vision Quadcopter Digital (FIGURE 2) to 30 meters from height. The images were
divided in 14 parts with the same dimensions of reflectance measures, the central parts were used to
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reduce fisheye effect of the camera after being processed on Life Cycle Assessment Software (LCAS),
a software that analyzes leaf cover.

Figure 2. Drone Phantom 2 Vision Quadcopter with the camera Go Pro®.
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The LCAS was used to qualify leaf cover by counting green pixels on digital photos. LCAS,
responsible for determination of coverage degree through RGB components analysis of digital images,
was developed in the programming language Borland C++ Builder 6.0, compatible with Windows
32 bits system.

The statistic software used to compare means by Scott Knott's test was SASM-Agri (CANTERI
et al., 2001).

Source: PHANTOM 2 (2015).

Results and discussions

Digital images captured at 30 meters height were processed by LCAS, Figure 3 exemplifies leaf
cover determination (%) in each one of the treatments through the software.
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Figure 3. Sample of digital images taken at 30 meters height (1a, 2a and 3a), analyzed by the LCAS software
to get maize leaf cover (%) (1b, 2b and 3b).

Source: Elaborated by the authors (2019).

Means were compared by Scott-Knott's Test, at 5 % of significance, at NDVI data from three
stages of maize studied; it was observed statistical difference for the three treatments: N4, N8 and
R1 (TABLE 1). The same was verified for leaf cover data obtained from digital images taken by a
Drone, at 30 meters height from the ground, and processed by the LCAS (TABLE 1).

Table 1. Comparison means, 5 % significance, for the N4, N8 and R1 treatments for NDVI and leaf cover
obtained through embedded digital camera linked to a drone and processed by image analysis software.

Treatment NDVI Leaf cover (%)
N4 340,57 a 15,53 a
N8 413,44 b 17,86 b
R1 665,19 c 99,44 ¢

* Means followed by different letters differ by the Scott-Knott s Test (P < 0.05).
Source: Elaborated by the authors (2019).

By performing Pearson correlation between leaf cover and NDVI data, it was obtained the
value of 95,5 %. Michels (2014) found 96,1 % of correlation between NDVI and leaf cover through
digital images analysis of soy taken at 2 meters height, a similar value to the ones found in this
work. These results show that even with a significant raise of distances in the images collection,
with consequent increase in the evaluated area and studying cultures with distinct architectures, the
capacity of verifying leaf cover differences was not affected. Since the results corroborate the
values obtained by Michels (2014), it could ascertain a transportability of leaf cover analyzed by
LCAS to differentiated structure cultures, as the case of soy and maize.
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Conclusion

The leaf cover values in different situations on fields evaluated through processed digital images
taken at 30 meters height and analyzed by LCAS demonstrated strong correlation with the values
obtained from NDVI data. Therefore, it can be concluded the use of Drone is promising for leaf cover
analysis.
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Utilizacao de drone com maquina fotografica digital
embarcada para a determinacao de cobertura foliar

Resumo

O indice de vegetacao por diferenca normalizada (NDVI) obtido via radidmetro apresenta
importancia para determinar o estado fisiolégico de planta, sendo uma ferramenta promissora para
a tomada de decisao quanto ao melhor momento para aplicacado de defensivos agricolas, e analisar
o limiar de dano econémico. A utilizacdo de drones com maquina fotografica digital embarcada
na agricultura esta em ampla expansao. Por meio das imagens digitais analisadas em programas
computacionais e correlacionadas com o NDVI é possivel determinar a cobertura foliar em plantas.
O objetivo deste trabalho foi confirmar a utilizagdo de imagens digitais a 30 m de altura para
determinacao da cobertura foliar correlacionando-as com os valores de NDVI obtidos em terra. Para
isso, foram retiradas fotos digitais a 30 m de altura, com o auxilio de drone, em trés estadios de
desenvolvimento do milho (N4, N8 e R1), os quais foram considerados tratamentos; posteriormente,
as imagens foram analisados em software para levantamento da cobertura foliar. Os dados de NDVI
foram obtidos nas mesmas areas a uma altura de 0,5 m do dossel da cultura e submetidos ao teste
de comparacao de médias Scott Knott a 5 % de significancia e de correlagao de Pearson. Nao houve
diferenca estatistica entre os métodos, o valor de correlacao de Pearson apresentou coeficiente de
0,952, o que confirma uma forte evidéncia a correlacao entre os dois métodos. Assim, pode-se
concluir que o uso de drones com camera digital incorporado tem uso promissor para a determinagao
da cobertura foliar em milho.

Palavras-chave: Refletancia. Imagem digital. Milho. NDVI.
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Abstract

Chemical control is used to restrain the attack of weeds on cultivated crops in Brazil; however,
the overuse of chemical products can cause damage to the crops. This study aimed to evaluate the
phytotoxicity caused by pre-emergence (PRE) and post-emergence (POST) herbicides in sugarcane
cultivars and their influence in agronomic and technological traits as well as to verify the existence
of correlation between the herbicides effect and the measured traits. The experiment was carried out
in a randomized complete block design with three replications, considering the factorial combination
of five sugarcane cultivars and five control strategies, being four herbicides and one control. The
sensitivity was evaluated at 30, 60 and 90 days after application, through a scale of intoxication
symptoms. The herbicides with active ingredients diuron + hexazinone and ametryn presented more
phytotoxicity effect; the cultivars RB867515 and SP81-3250 showed greater toxicity symptoms
when exposed to the agrochemicals. Plant height was the only trait influenced by the herbicides. It
was observed a significant correlation between the trait number of stems and phytotoxicity effect.
Keywords: Saccharum spp. Cultivars. Phytotoxicity.

Introduction

Sugarcane planting is one of the earliest relevant economic activities in Brazil, being part of the
national agribusiness as the third most important agricultural commodity (MAPA, 2017), playing a
meaningful economic and social role. This importance is attributed mainly to its versatility and multiple
uses as raw material to sugar and alcohol production; as electric energy by the sugarcane bagasse
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burning; in natura for animal feed; as raw material in the manufacture of products as cachacga, syrup,
brown sugar; also, to manufacture biodegradable plastics. According to the National Supply Company
(CONAB, 2017), the production of sugarcane estimated for the 2017/18 harvest is 647.6 million
tons and the estimated harvest area is about 8.84 million hectares.

The weeds presence during the sugarcane (Saccharum spp.) and other crops development
affect the yield, quality, harvest, transport and processing. Chemical management is the main method
used to control invasive species due to its variety, for being an economical and high yielding method.
Usually, the herbicides are selective and control weeds without affecting the main crop; however, the
plants tolerance to a particular herbicide can be changed if it is used incorrectly (RIZZARDI; FLECK,
2004; TORRES et al., 2012).

The response of sugarcane cultivars to herbicides depends on biotic and abiotic factors. Thereby,
it is important to evaluate the herbicide absorption by the plant as well as the effects of toxicity to
validate doses, active ingredients and timing of application, which contribute for the plant to express
its genetic potential (CERDEIRA et al., 2015; ODERO et al., 2015).

Several studies about weed control with systematic application of herbicides in pre and
post-emergence conditions have demonstrated that, when the sugarcane is exposed to the action
of agrochemicals, it can have morphological, physiological and technological changes (VIATOR;
GRIFFIN; ELLIS, 2002; TORRES et al., 2012, ODERO et al., 2015).

Therefore, it is necessary to evaluate the relationship between the possible negative effects
caused by the use of herbicides and the important economic traits of the crop. This becomes more
complex because of the large amount of products available in the market and the different cultivars,
considering the interaction between them may be very specific.

In this sense, this study aimed to evaluate the phytotoxicity caused by pre-emergence (PRE)
and post-emergence (POST) herbicides in sugarcane cultivars and their influence in agronomic and
technological traits; furthermore, it intended to verify the existence of correlation between the effect
of the herbicides and the measured traits.

Material and methods

The experiment was carried out in the commercial area of sugarcane production of Cachaga
Artesanal Joao Mendes company, in Perdoes/MG city, located 842 m above sea level, 21°05'S and
45°05" W. According to Képpen, the regional climate is Cwb, with precipitation and temperature
average of 1493.2 mm and 19.3°C (DANTAS et al., 2007).

Planting was carried out on November 2012, in a conventional cane-of-year system, in a
randomized complete block design with three replications, considering the factorial combination of
five sugarcane cultivars: RB867515, SP89-1115, SP80-1842, SP79-1011, SP81-3250 and four
herbicides with different active ingredients (TABLE 1). The experimental plot consisted of four rows, 4
m long, with 1.4 m between rows and 12 sugar cane gems per linear meter, considering two central
rows as effective area. Hand weeding was done for all plots.
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Table 1. Active ingredients, formulations, commercially recommended doses, commercial brands and timing of
application in days after planting (DAP).

3 —
Herbicide Formulation?/ L orr.z.g/ha'l) Commercial Brand Ap{)él;:t)lon
Ametryn CS 6.0 Gesapax 500 8 (PRE)
Diuron+hexazinone WDG 2.5 Velpar K WG 8 (PRE)
Clomazone EC 3.0 Gamit 8 (PRE)
MSMA CS 2.5 Volcane 30 (POST)

1/ CS - concentrated suspension, EC - emulsifiable concentrate and WDG- water dispersible granules;
2/ recommended dose.
Source: Elaborated by the authors (2016).

Herbicides were applied using a pressurized costal sprayer, which has 2 m long of herbicide
application bar and four flat nozzle fan-type (Teejet XR 11002), spaced in 50 cm, calibrated for the
commercially recommended doses; the phytotoxicity evaluations were performed by two evaluators
at 30, 60 and 90 days after application (DAA). It was used the EWRC (1964) scale of intoxication
symptoms adapted by Rolim (1989), ranging from O (no damages) to 100 (total destruction) (TABLE
2).

Table 2. Percentage scale for evaluation of plants intoxication symptoms

Scale Description Damages
0 No effects No damages
10 Slight discoloration and smaller plants
20 Light effects Discoloration and smaller plants
30 More pronounced damages, but not lasting
40 Moderate damage, possibility of recovery
50 Moderate effects Lasting damage, difficult recovery
60 Lasting damage, no recovery
70 Severe damage with plants death
80 Severe effects Crops almost totally destroyed
90 Only few surviving plants
100 Total effect Total destruction

Source: Adapted from Rolim (1989).

Agronomic and technological traits of the treatments were measured one year after planting.
The estimated traits were: 1) Stalks number per linear meter (SN): counting of total stalks dividing
them by the plot area; 2) Mean stalk diameter of ten plants (SD): using a digital caliper rule; 3) plant
height (PH): measured in meters from ground level to the insertion of the first leaf of ten plants, using
measuring tape; 4) stalks mean mass (SMM): weighing of stalks/number of stalks; 5) tons of stalks
per hectare (TSH): total weight of the plot area, in kilograms, converted into tons per hectare.
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At the harvest, samples of ten randomly selected stalks from each experimental plot were
collected to determine the technological traits. At the Agronomic Institute of Campinas/Agribusiness
Technology Agency of Sao Paulo - IAC/Apta, it was performed the analysis of: 1) apparent percentage
of sucrose in sugarcane (Pol% cane); 2) percentage of insoluble matter contained in sugarcane (Fiber%
cane); 3) percentage of soluble solids contained in sugarcane juice (Brix% cane juice); 4) apparent
purity (Purity% cane); 5) total recoverable sugar (TRS) expressed as kilograms of sugar per 1,000
kilograms of sugarcane; 6) tons of Pol per hectare (TPH) (CONSECANA, 2006).

For joint variance analysis, it was adopted the split-plot in time model (STEEL; TORRIE, 1980),
detailed in Equation 1:

Vi = B+ G+ i+ Dt Chck €k P+ €+ CPy + P+t + £y M

At which: Yifjk: observation of the plot that received the / cultivar, with the f control, in the j
block, at the k DAA; u: constant common to all observations; c.: effect of cultivar /; t. : effect of control
f; bj: effect of block j; ct, : effect of the interaction cultivar / (c) and control f (t); e random error
associated with interaction c, t, b, e ct; p,: effect of DAA k; cp,: effect of the interaction cultivar / (c)
and DAA k (p,); tp,,: effect of the interaction control f (t) and DAA k (p,); ctp,,: effect of the interaction
cultivar i (c), control 7 (t) and DAA k (p,); €, experimental error (b).

Estimates of the phenotypic correlations measured between the traits were obtained according
to Equation 2:

r,=Cov, /VVxVy (2)

At which: Covxy estimation of phenotypic covariance between the variables X and Y; Vx, Vy: are
estimates of the mean phenotypic variances of the variables X and Y, respectively.

Variance analysis and correlation were conducted through Genes software (CRUZ, 2006).
For statistical significance, it was adopted the grouping of cultivar averages using the Scott-Knott’s
method (1974), with 5 and 1 % of probability in the joint statistical analysis. As an estimate for the
experimental precision, selective accuracy proposed by Resende and Duarte (2007) was adopted.

Results and discussion

Considering the joint statistical analysis of the days after herbicides application (DAA),
differences were observed in relation to phytotoxicity for cultivars, DAA and interaction cultivars
versus herbicides. Through the interaction, it was possible to verify there was a different response of
the cultivars in relation to the action of the herbicides, being that phytotoxicity was more evidenced
when using ametryn and diuron + hexazinone, applied to cultivars RB867515 and SP81-3250
(TABLE 3). There are reports in the literature about the interaction between cultivars and herbicides
in sugarcane cultivation, which reinforces the premise that some cultivars may be more sensitive to
some active ingredients than to others (BARELA; CHRISTOFFOLETI, 2006; ODERO et al., 2015).
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Table 3. Means of the phytotoxicity in sugarcane cultivars to the Amethryn and Diuron + Hexazinone herbicides.

Cultivars Ametryn Diuron + Hexazinone
RB867515 17.77aY 11.11a
SP81-3250 11.11a 15.56a
SP80-1842 7.77b 4.44Dh
SP79-1011 3.33b 1.11b
SP89-1115 1.11b 2.22b

YMeans followed by the same letter in the column belong to the same group by the Scott-Knott's Test at 1 %
probability.
Source: Elaborated by the authors (2016).

By analyzing the evaluation times, the cultivars showed more expressive phytotoxicity rates
at 30 DAA (TABLE 4). Monquero et al. (2011) verified that at 90 DAA no treatment with herbicide
exhibited visual symptoms of phytotoxicity in sugarcane, probably due to the efficiency loss of the
product influenced by environmental factors. According to Cerdeira et al. (2015), the estimation
of herbicide bio concentration in sugarcane depends on its degradation in the environment, water
availability, herbicide presence in soil solution and herbicide distribution in the plant.

Table 4. Means of the phytotoxicity effect on cultivars evaluated at 30, 60 and 90 days after herbicide application
(DAA).

DAA Means
30 14.93aV
60 5.86b
90 3.60b

YMeans followed by the same letter belong to the same group by the Scott-Knott test at 1% probability.
Source: Elaborated by the authors (2016).

Considering the analysis of the phytotoxic effect for the agronomic and technological traits
evaluation, it was observed a difference among the cultivars, which was already expected because
they were genotypes with distinct traits. There was a different herbicide effect only for PH trait and
there was no interference of the agrochemicals in the performance of the technological traits. There
was also no interaction between cultivars and herbicides. Velini et al. (2000), Silva et al. (2014)
and Sabbag et al. (2017), studying the selectivity of some herbicides in sugarcane cultivars, did not
observe negative effects for phytotoxicity on the technological and agronomic evaluated parameters.

Analysis of the agronomic trait SN of the cultivars in the experiment showed an increment
of stalks for the cultivars SP79-1011 (51.13) and SP81-3250 (51.06) (TABLE 5). According to
Oliveira et al. (2007) and Andrade-Junior et al. (2017), this may be due to the genetic characteristics
of each variety and to results of edaphoclimatic conditions favorable to the interaction genotype
versus environment, promoting higher performance of these genotypes. The lower NS of the cultivars
RB867515, SP80-1842 and SP89-1115 could be also due to the influence of the herbicides,
because even if they have not showed a significant effect, these cultivars may have had a physiologic
disturb when submitted to the active ingredient reducing tillering, same results found by Procépio et
al. (2015) in their studies.
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Table 5. Means of the agronomic and technological traits: Stalks mean mass (SMM), stalks number (SN), plant
height (PH), stalk diameter (SD), tons of stalks per hectare (TSH), tons of Pol per hectare (TPH), Brix% cane
juice (Brix), Purity% cane (Purity) and total recoverable sugar (TRS kg t1), of the assessed cultivars.

Traits RB867515 SP80-1842 SP79-1011 SP81-3250 SP89-1115
SMM 1.43aY 1.09b 1.15b 1.15b 1.50a
SN 37.80c 46.06b 51.13a 51.06a 44.26b
PH 2.13b 2.38a 2.01c 2.16b 2.22b
SD 32.08a 29.20b 28.53b 27.39b 32.82a
TSH 78.34b 75.38b 85.45a 86.11a 83.70a
TPH 12.53b 11.99b 13.57a 13.56a 14.63a
BRIX 21.21b 21.22b 21.11b 20.91b 22.25a
PURITY 90.80b 91.71a 90.34b 90.64b 92.35a
TRS 156.49b 155.32b 155.05b 153.97b 169.86a
YMeans followed by the same letter in the lines belong to the same group by the Scott-Knott's Test at 5 %
probability.

Source: Elaborated by the authors (2016).

The SMM trait had an inverse behavior compared to the SN trait, especially to the cultivars
SP89-1115 (1.50) and RB867515 (1.43). This result corroborates the fact that too much stalks per
hectare can result in narrow stalks, reducing the stalk unit mass. This was verified by the higher SD
means of these varieties: SP89-1115 (32.82 mm) and RB867515 (32.08 mm). Sales et al. (2016)
observed a mean diameter of 27.66 mm in the sugarcane maturation period in their studies.

The cultivars SP79-1011 (85.45 t ha'), SP81-3250 (86.11 t ha') and SP89-1115 (83.70t
ha!) presented better performance to the trait TSH and to the trait TPH, which is directly related to
the TSH trait. Means ranged from 14.63 t ha for cultivar SP89-1115 to 11.99 t ha'! for cultivar
SP80-1842 (TABLE 5). Sales et al. (2016) verified a TSH mean of 46.41 t ha' and TPH mean of
8.13 t hatin their experiment.

Mean values of total soluble solids (Brix% cane juice) showed all treatments were mature
and ready for harvesting. The cultivar SP89-1115 obtained the highest value for Brix (22.25° Brix)
(TABLE 5). The sugarcane industry considers that for a sugarcane to be processed, it must have at
least 18° Brix for both plant cane and ratoon (FRANCO et al., 2008; FERNANDES, 2000).

The purity means ranged from 92.35 % for the cultivar SP89-1115 to 90.34 % for the cultivar
SP79-1011 (TABLE 5), being within the standards required for industrialization (FERNANDES,
2000).

For the TRS vyields, the cultivar SP89-1115 presented a mean value of 169.86 TRS kg t!,
superior than other cultivars. Franco et al. (2008), evaluating the variety SP81-3250, obtained
means of 155.89 TRS kg t! of sugarcane.

Through the herbicides analysis, it was possible to observe the active ingredients diuron
+ hexazinone and MSMA caused a decrease in the height final mean of the cultivars (TABLE 6),
this effect may have been due to the action of this products and also due to the greater genotypes
sensitivity.
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Table 6. Means of the herbicides effect on the plant height (PH) agronomic trait.

Herbicides PH
Ametryn 2.23at
Diruon + Hexazinone 2.15b
Clomazone 2.24a
MSMA 2.07b

UMeans followed by the same letter belong to the same group by the Scott-Knott's Test at 5 % probability.
Source: Elaborated by the authors (2016).

Through the phenotypic correlation study between the traits and the herbicides phytotoxicity
effect, it was possible to observe a low and negative correlation for most of the traits, indicating a low
influence of phytotoxicity on their phenotypic expression. The SN was the only trait that presented
significant correlation, indicating the increase in the phytotoxicity symptoms may cause the reduction
of the stalks number in the cultivation total area because they were negatively correlated (TABLE 7).

Table 7. Phenotypic correlation (rf, ) between the traits stalks mean mass (SMM), stalks number (SN), plant
height (PH), stalk diameter (SD), tons of stalks per hectare (TSH), tons of Pol per hectare (TPH), Brix% cane
juice (Brix), Purity% cane (Purity), total recoverable sugar (TRS kg t'), and the phytotoxicity effect of the
assessed herbicides.

Traits rf,
SMM 7] 0.26
SN -0.54*
PH -0.10
SD 0.12
TSH — x phytotoxicity -0.18
TPH -0.34
BRIX -0.37
PUREZA -0.34
TRS -0.32

* Significant at 5 % probability, by T Test.
Source: Elaborated by the authors (2016).

Conclusions

The herbicides with active ingredients diuron + hexazinone and ametryn presented more
phytotoxicity effect; the cultivars RB867515 and SP81-3250 showed greater toxicity symptoms
when exposed to the agrochemicals. Plant height was the only trait influenced by the herbicides
effect. It was observed a significant and negative correlation between the trait number of stems and
phytotoxicity effect.
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Sensibilidade de cultivares de cana-de-acticar
a herbicidas pré e pés - emergentes

Resumo

O controle quimico é o mais utilizado para conter o ataque de plantas daninhas as principais
culturas do Brasil, porém o uso excessivo pode acarretar danos as plantas de interesse. Com isso,
objetivou-se avaliar a fitotoxicidade por herbicidas de pré-emergéncia (PRE) e pés-emergéncia (POST)
em cultivares de cana-de-acucar e sua influéncia em caracteres agrondémicos e tecnoldgicos, além
de verificar a existéncia de correlagao entre o efeito dos herbicidas e os caracteres mensurados. O
experimento foi conduzido no delineamento de blocos casualizados, com trés repeticdes, considerando
a combinacao fatorial de cinco cultivares e cinco estratégias de controle, sendo quatro herbicidas e a
capina manual. A sensibilidade foi avaliada aos 30, 60 e 90 dias apds a aplicacao, por meio de escala
de notas de sintomas de intoxicacao. Os herbicidas com os principios ativos diuron + hexazinona e
ametrina apresentaram maior efeito de fitotoxicidade; as cultivares RB867515 e SP81-3250 tiveram
maiores sintomas de intoxicacao quando expostas aos agroquimicos. A variavel altura de planta foi a
Unica influenciada pelo efeito dos herbicidas. Foi observada correlacao significativa entre a variavel
nimero de colmos e o efeito de fitotoxicidade.

Palavras-chave: Saccharum spp. Cultivares. Fitotoxicidade.
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Abstract

The use of hydraulic rams has increased due to energy problems in rural environments and to
the need for irrigation of crops, even in small properties. These pumps work on the principle of water
hammer to pump water without the use of external energy; however, they present low efficiency,
considering the pumping yield as a function of the pumping height. Thus, the objective of the present
study was to evaluate the efficiency gain of a hydraulic ram through the addition of pressure retaining
valve at its inlet. The valve has the function of forming a physical barrier to the water that returns after
the blowing with the suction valve. The prototype was tested using a randomized block design, with
4 blocks. A conventional PVC hydraulic ram and a hydraulic ram with a pressure retaining valve were
installed and evaluated at the same time and with the same pumping height, which increased one
meter every four days, with four replications for each height. The water output flow, system inlet and
outlet pressure, inlet flow, pumped water volume, and number of beats per minute were evaluated
to assess the efficiency of the hydraulic ram prototype. The hydraulic ram with the valve presented
lower pumping yields in most evaluated heights; it presented better pumping than the conventional
hydraulic ham only for the height of nine meters, denoting a poor cost/benefit ratio.

Keywords: Water hammer. Pumping efficiency. Retention valve.

Introduction

Hydraulic rams had been widely used in the past and are again being used due to the search
for alternative energy sources to replace electrical energy or fossil fuels. These pumps are easily
handled and does not require specialized workmanship for their use or maintenance; in addition, they
do not demand electric power nor emit polluting gases, and their maintenance and operational costs
are relatively low (ABATE, 2000).

Hydraulic ram has been used extensively for nearly a century in rural areas to pump water to
heights greater than 100 meters. It is the ideal machine for pumping at certain conditions because
the system works with only the force of falling water directed by a pipe. The system is automatic and
has an exceptional history of absence of problems (WATT, 1975).
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Hydraulic rams should be installed at lower levels than the water source, at least 1.0 m and
preferably at the lowest possible altitude (AZEVEDO NETO et al., 1998). According to the description
of Azevedo Neto et al. (1998), the water that reaches the hydraulic ram exits through an external
valve until reaching a high speed, then, the valve suddenly closes, causing an overpressure in the
interior of the pump, called water hammer, which makes pumping the water possible.

Water hammer is the effect of the abrupt interruption of a continuous water flow into a pipe
resulting in an increase in pressure; this is observed by abruptly closing the water outlet of a hose
(TIAGO FILHO, 2002). The overpressure can be high, causing rupture and damages when it is
not controlled; hydraulic rams use this overpressure to pump water of a reservoir to a higher point
(CARVALHO; OLIVEIRA, 2008).

The ram prototype was developed considering that after an abrupt interruption of the water
there is a potential energy generated within the hydraulic ram, and this energy causes the water to be
pushed to an upper height (CARVALHO; OLIVEIRA, 2008), but there is a loss of energy during this
process, because some of this energy is dissipated when the water that has suffered the blow meets
the water that enters the system. Therefore, the inclusion of a physical barrier, such as a horizontal
retainer in the lower tee fitting of the hydraulic ram, could minimize the dissipation of this energy.

In this context, the objective of this work was to evaluate the efficiency gain of a PVC hydraulic
ram prototype through the addition of a retaining valve at its inlet and compare it to a conventional
PVC hydraulic ram, considering this addition would increase the pumping height, and the constructive
material would resist the internal pressure increase, increasing cost/benefit ratio.

Material and methods

The study was conducted at the Farm School of the Federal Institute of Education, Science
and Technology of South of Minas Gerais, Inconfidentes campus, Minas Gerais, Brazil. The water
source was a reservoir built near the nursery of that institution (22°18'42.05"S, 46°20'1.63"W). The
topography of the study site was analyzed to measure the height at which the hydraulic rams were
installed, reaching a maximum height of 5 meters.

The experiment was conducted in a randomized block experimental design, using a 2x4
factorial arrangement, consisting of 2 pumping systems (PVC hydraulic ram prototype with additional
valve and conventional PVC hydraulic ram without additional valve) and 4 pumping heights (8.0 m,
9.0 m, 10.0 m and 11.0 m), with 4 replications (TABLE 2). The available flow rate at the site was
0.7 L st and the ram operating time was 8 hours a day.

The variables evaluated were: water pressure at the inlet of the system with the ram in operation
(mca); water pressure at the output of the system in operation (mca); water flow (liters per hour);
number of beats (beats per minute) and economic yield (EY).

The economic yield (EY) was calculated using the equation EY = amount pumped (L day?) /
hydraulic ram cost (Brazilian Real - R$), considering R$ 110.00 for the conventional ram and R$
163.00 for the ram prototype.

The assembly of the hydraulic ram followed the model presented in the Globo Rural magazine
of May 14, 2015 (FIGURE 1).
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Figure 1. Assembly scheme of the parts for the conventional PVC hydraulic ram.
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Source: Adapted from Globo Rural (2015).

The same parts were used for the PVC hydraulic ram prototype; however, two 3/4-inch niples
and one 3/4-inch vertical retainer were added (FIGURE 2).
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Figure 2. Assembly scheme of the parts for the PVC hydraulic ram prototype.
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Source: Adapted from Globo Rural (2015).

An adapter for the pressure manometer was developed to measure the water pressure using 1
tee fitting with 2 hose connectors with diameter of 1 inch; 1 tee fitting of 1/2 inch; 1 female output
adapter of 1 inch and another of 1/2 inch; 1 adapter of 1 inch, and another of 1/2 inch; approximately
5 cm of a PVC tube of 1 inch, and another of 1/2 inch; 1 cap of 1 inch, and another of 1/2-inch; and
1 tire inner tube valve. Pressure was measured using a tire pressure measurer (FIGURE 4).

An adapter for the pressure manometer of 1 inch was developed to measure the pressure at
the hydraulic ram inlet as well as an adapter for the manometer of 1/2 inch to measure the pressure
at the outlet. A filter was developed using a wooden box and the suction hoses were attached to it. 2
jute sacks were used as a filter to trap physical impurities and filter the water.

The water suction of each hydraulic ham was performed through 25 meters of 1-inch
polyethylene hose. The water outlet of each hydraulic ram consisted of 20 meters polyethylene hoses
of 1/2 inch. A hydrometer (Unimag - Monojato Class B) with nominal diameter of 1/2 inch — 3/4
inch was installed at each ram outlet to measure the pumped water volume during the study period.
The hoses were adjusted to the desired heights using a meter graduated rope fixed in the suspension
support of the ram.
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The rams were kept at a fixed suction height of 5.0 m for evaluation, varying the vertical fall
up to 11 meters (TABLE 1).

Table 1. Pumping heights evaluated.

Suction height Vertical fall height
8.0m
9.0 m
10.0 m

11.0m

50m

Source: Elaborated by the authors (2017).

The heights were evaluated according to Table 2; each replication corresponded to one day of
evaluation. The operating and evaluation times were approximately 8 hours a day (8h to 16h).

Table 2. Distribution of the replications/blocks of the experiment.

L Height
Replication
80m 9.0m 10.0 m 11.0m
1 01/19/2017 01/23/2017 01/27/2017 01/31/2017
2 01/20/2017 01/24/2017 01/28/2017 02/01/2017
3 01/21/2017 01/25/2017 01/29/2017 02/02/2017
4 01/22/2017 01/26/2017 01/30/2017 02/03/2017

Source: Elaborated by the authors (2017).

The results were subjected to analysis of variance by the F test, and significant means were
compared by the Scott-Knott test at 5 % significance level, using SISVAR program (FERREIRA, 2014).

Results and discussion
Table 3 shows the analysis of variance of the factors related to pressure and volume evaluated.
Table 3. Analysis of variance of the water pressure with the ram in operation (WPR) in mca; water pressure at

the ram outlet (WPOQ) in mca; pumped water flow (PWF) in L h't; number of beats per minute (NBM), in beats
min-; economic yield (EY), in L day! R$!.

Source of variation WPR WPO PWF NBM EY

Block 0.641r 2.326" 0.469 " 1.130" 0.324rs
Height (H) 14.829™ 39.509** 22.419** 13.373** 16.897**
Treatment (T) 4.841* 53.182** 0.005m 3.225m 33.533**
HxT 1.668 0.0031* 3.330* 2.750m 1.883m
CV (%) 6.28 4.46 16.97 5.25 18.77
Overall mean 13.957 15.987 95.064 43.135 0.723

* = significant at 5%; ** = significant at 1%; ns = not significant
Source: Elaborated by the authors (2017).
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The water pressure with the ram in operation (WPR) was significantly affected by the heights
(p < 0.01) and treatments (p < 0.05) (TABLE 3). The heights of 10 and 11 meters presented
higher pressures (TABLE 4), as expected, since higher pressures are required to pump water to higher
heights. The conventional ram presented a higher outlet pressure than the prototype ram (TABLE 5
and FIGURE 3). The WPR of the ram prototype was lower, as expected, since the horizontal retention
valve retained part of the pressure, causing a localized pressure loss.

Table 4. Mean water pressure at the inlet of the ram in operation (WPR) for the 4 pumping heights evaluated,
in mca.

Treatments Means
8.0m 13.17 b
9.0 m 12.78 b
10.0m 14.51 a
11.0m 15.36 a

Means followed by the same letters in the column do not differ by the Scott-Knott test (p < 0.05).
Source: Elaborated by the authors (2017).

Table 5. Water pressure at the inlet of the ram in operation (WPR) for the conventional ram and for the prototype
ram, in mca.

Treatment Mean
Prototype 13.61b
Conventional 14.29 a

Means followed by the same letters in the column do not differ by the Scott-Knott test (p < 0.05)
Source: Elaborated by the authors (2017).

Figure 3. Water pressure at the inlet of the ram in operation (WPR) as a function of the pumping height for the
conventional and prototype rams.

17
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Source: Elaborated by the authors (2017).
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Water pressure at the ram outlet (WPO) was significantly affected by the heights and treatments
(p < 0.01) and by the interaction between height and treatment (p < 0.05) (TABLE 3). The conventional
ram presented better results for almost all heights evaluated, it was not significantly different from
the prototype ram only at the height of 8 meters (TABLE 6, FIGURE 4). The output pressure of the
prototype ram was expected to be higher, with the horizontal retention valve redirecting the water
hammer pressure at the inlet to the outlet of the ram, but it was not found in the experiment.

Table 6. Mean data of the interaction between height and treatment for the pumping pressure at the outlet of
the rams (WPO), in mca.

Treatment 8.0m 9.0 m 10.0 m 11.0 m
Prototype 14.422708 Ba 14.422705 Bb 14.774480 Bb 16.650603 Ab
Conventional 14.803793 Ca 15.595285 Ca 17.588670 Ba 19.640678 Aa

Means followed by the same uppercase letter in the row and lowercase letter in the column do not differ by the
Scott-Knott test (p < 0.05)
Source: Elaborated by the authors (2017).

Figure 4. Pumping pressure at the outlet of the ram (WPO) as a function of the pumping height for the
conventional and prototype rams.

22 -
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Source: Elaborated by the authors (2017).

The pumped water flow (PWF) was significantly affected by the heights (p < 0.01) and by the
interaction between height and treatment (p < 0.05) (TABLE 3). The ram prototype had higher flow
when using the height of 9 meters (TABLE 7). The beat frequency of the ram is directly related to its
pumping performance, however, the beat frequencies of one ram may not be ideal for the other. This
explains the best performance of the ram prototype at height of 9.0 meters height, indicating the
beating frequency of 44 b min' (TABLE 8) may be favored over the conventional ram. Nevertheless,
the ram prototype may have worked under unfavorable conditions in the other heights. Therefore,
further studies should be carried out to find the best beat frequencies of each ram and evaluate them
at their maximum efficiency, instead of evaluating them with similar beat frequencies, which was the
aim of this study.
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The pumped volume (TABLE 7) was lower than that found by Cararo et al. (2007), who found
pumping volume of 115.2 L h'! to 481.2 L h'* with a vertical fall of 10 m; however, the suction pipe
used by them was a galvanized steel pipe of 50 mm at 4.37 meters height. Abate and Botrel
(2000) found higher pumping yields when using steel pipe at the height of 4.7 meters. Polyethylene
suction pipes were used in the present study; thus, a lower pumped volume was expected.

A more pronounced decrease in the flow of the ram prototype was found with increasing
pumping height (FIGURE 5).

Table 7. Interaction between height and treatment for pumped water flow (PWF), in L h'l.

Treatment 8.0m 9.0 m 10.0 m 11.0 m
Prototype 125.59Aa 122.39 Aa 75.02 Ba 58.02 Ba
Conventional 127.623 Aa 92.25 Bb 84.13 Ba 75.46 Ba

Means followed by the same uppercase letter in the row and lowercase letter in the column do not differ by the
Scott-Knott test (p<0.05)
Source: Elaborated by the authors (2017).

Figure 5. Pumped water flow (PWF) as a function of the pumping height for the conventional and prototype rams.
170
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Source: Elaborated by the authors (2017).

The number of beats per minute (NBM) was significantly affected (p<0.01) by the height
(TABLE 3). The higher flow rate found by Cararo et al. (2007) may have been affected not only by
the galvanized steel pipe, but by the NBM, since their rams were set to a beat frequency, in general,
above 60 beats min!, which may also have affected their efficiency.
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Table 8. Mean number of beats per minute for the 4 pumping heights evaluated, in beats min-'.

Treatment Means
80m 45.87 a
9.0m 44.87 a
10.0m 39.29¢c
11.0m 42.50 b

Means followed by the same letters in the column do not differ by the Scott-Knott test (p<0.05).
Source: Elaborated by the authors (2017).

The economic yield (EY) was significantly affected by the heights and treatments (p<0.01),
but not by the interaction between them (TABLE 3). EY was higher at the height of 8 meters for both
rams, mainly because of the higher pumped water volumes at that height (TABLE 9; FIGURE 6). The
prototype ram had higher production cost due to the additional valve and presented lower pumping
efficiency, resulting in an unfavorable cost/benefit ratio when compared to the conventional ram
(TABLE 10).

Table 9. Economic yield (ER) for the 4 pumping heights evaluated, in L day* R$.

Treatment Mean
8 0.965354 a
9 0.794751 b
10 0.612591 ¢
11 0.521010¢c

Means followed by the same letters in the column do not differ by the Scott-Knott test (p<0.05).
Source: Elaborated by the authors (2017).

Table 10. Economic yield (EY) for the conventional ram and prototype ram, in L day! R$.

Treatment Mean
Prototype 0.584401 b
Conventional 0.862452 a

Means followed by the same letters in the column do not differ by the Scott-Knott test (p<0.05).
Source: Elaborated by the authors (2017).
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Figure 6. Economic yield (L day* R$!) as a function of the pumping height for the conventional and prototype rams.

160 Conventional = 0.0607x% - 1.3026x+ 7.684
R* =0.5886

1,40
~ 1,20
'E- -
': 1,00 Tl Prototype = -0.0212x%+0.2489x + 0.157

S 2 _

; R*=0.8189
X 0,80 1
=2
=
.
E 0,60
=
=
"E 0,40

0,20 A

0,00 T T T 1

3 9 10 11 12
Pumping height (meters)
+ Padrao w  Prototipp 0 0----- Polinomial | Padrac) Polinomial {Prototipo)

Source: Elaborated by the authors (2017).

Conclusion

Considering the evaluated conditions, the inclusion of a retention valve in the ram prototype
does not increase yield in pumping height, and there is no increase in internal pressure or variations
in the operation leading to the occurrence of mechanical problems or leaks in the ram.

The increase of approximately R$ 53.00 for the assembly of the prototype ram did not improve
the system’s performance, decreasing the cost/benefit ratio for the conditions evaluated.

The setting in the number of beats per minute should be specific to each ram to reach the best

performance. Thus, each ram should be set with specific adjustments to work within their maximum
efficiency.

Estudo do rendimento de bombeamento para um
protdtipo de carneiro hidraulico de PVC

Resumo

Devido a dificuldade energética no meio rural e a necessidade de irrigacdo, mesmo em
pequenas propriedades, tem aumentado o uso do carneiro hidraulico, o qual por meio do
principio do golpe de ariete bombeia dgua sem o uso de energia elétrica. Contudo, seu rendimento

em funcdo da altura bombeada nao € tao eficiente. Por meio deste estudo, objetivou-se com a
adicdo de uma
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vélvula retentora na entrada do carneiro ter um ganho de eficiéncia. A valvula tem a funcao de
formar uma barreira fisica para a agua que retorna, apds seu golpe, com a valvula de sucgédo. O
projeto foi desenvolvido com delineamento em blocos casualisados, com 4 blocos. Foram instalados
1 carneiro hidraulico de PVC (convencional) e 1 carneiro hidraulico com retentor que foram avaliados
ao mesmo tempo. A altura de queda foi a mesma, variando 1 metro da altura bombeada a cada 4
dias. Foram realizadas 4 repeticoes para cada altura analisada e avaliou-se a vazao de saida por meio
de hidrometros, pressao de entrada e saida do sistema, vazao de entrada, volume de 4gua perdida e
numero de batidas por minuto, sendo possivel medir sua eficiéncia. O carneiro hidraulico com vélvula
apresentou um rendimento inferior na maioria das alturas estudadas, o bombeamento foi superior ao
convencional somente aos 9 metros de altura, o que prejudica a relagao custo-beneficio.

Palavras-chave: Golpe de Ariete. Eficiéncia de bombeamento. Vélvula de retencao. Choque de Ariete.
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Abstract

Hypsometric models are of great value in order to reduce forest inventory costs. The present
work aimed to adjust and evaluate models of hypsometric relation at a Cerrado area in regenerative
process, located in the municipality of Gurupi (TO). Ten models, including five linear and five non-li-
near, were tested. The adjustments were made through R software, for Windows. As criterion for the
adjustment of models, the following statistical parameters were used: adjusted coefficient of determi-
nation (R?aj.), the residual standard error (s ;) and the graphical analysis of the residuals; then, the
validation of the best adjusted models took place. The best adjustment statistics were for the non-
-linear models, with emphasis on Gompertz model (model 7), R?aj: 0,489 and:: (s, ;) 17.58%. The
models, in general, overestimated the height, reaching up to 40 % more than the real one. As a result,
six models were referred for validation: two linear and four non-linear. The best model with prediction
was the non-linear Prodan (model 10), which presented better statistical values and graphical varia-
tion. It is concluded non-linear models explained more satisfactorily the height-dependent variable.
Keywords: Tree height. Selection. Validation.

Introduction

Due to the current overview of productive restructuring of capital, areas from the Cerrado bio-
me have been the focus regarding investments for implementing agricultural frontiers (INOCENCIO,
2010). Therefore, it is of great importance this exploitation considers sustainability since, according
to “Instituto Brasileiro de Geografia e Estatistica — IBGE” (2004), the Cerrado biome occupies 23.9 %
of Brazilian territory. In the state of Tocantins, this biome covers 63.2 % of the area (SEPLAN, 2012).

Therefore, in search of a forest exploitation based on sustainability, it is essential to learn about
the characteristics of the area to be managed, which is achieved through an effective forest inventory.
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The forest inventory addresses the quantitative and qualitative definition of individuals in a given
area, and the inventory purpose is specified accordingly to the use of the area, which may be forest
reserve, wildlife conservation area, commercial reforestation, leisure area and others (RODRIGUES;
RODRIGUES, 2012).

In the inventory, the tree diameter measurement is conducted in an uncomplicated and quick
way. On the opposite, finding the tree height demands more time, besides the need of using specific
instruments (hypsometers), which require some high financial investment. Some adverse situations,
especially in native forests, present high density and difficult visualization of the crown and base of
the tree (CRECHE, 1996; ANDRADE et al., 2006; SANQUETTA, 2013). As an option for that, there
are the hypsometric models; they are able to estimate the height by correlating it with its diameter at
breast height (DBH) (SOARES et al., 2006).

In order to reduce the costs of a forest inventory, hypsometric models need only a few trees to
have their height measured in the plots, since statistical models process the data and calculate the
measurements, resulting in the inventory. To estimate a dependent variable, for example, the total
height of the trees, several regression models can be used (SCHNEIDER et al., 2009), and they can
be both linear and non-linear. Neto (2012) describes linear models as those which their structure is
in the additive form of the parameters. Non-linear models are those whose parameters are aggregated
in a non-additive way and can be described as linearizable and non-linearizable (DRAPER; SMITH,
1981).

In this context, it is important to study hypsometric relations in native forests, mainly in Cer-
rado areas. Therefore, the objective of this study was to evaluate the fit of hypsometric models in an
unequal forest stand, characterized as: fragment of Sensu stricto Cerrado in Tocantins.

Material and methods

Area of study and data collection

The study area is located in the southern state of Tocantins, in the municipality of Gurupi, La-
titude 11° 43'45"S and Longitude 49° 04’ 07" W (FIGURE 1). The climatic classification according
to Képpen is Aw (tropical climate with dry season in winter) with annual rainfall around 1.400 mm.
(SEPLAN, 2012).
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Figure 1. Location of the study area.
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Source: Elaboration of the authors (2016).

The field survey was carried out in a fragment of Cerrado with approximately 7,0 hectares, con-
sisting of vegetation in the process of regeneration in advanced stage. According to a historical survey
of the area, it was concluded the site used to be pasture for livestock activity.

In order to collect data for total height and circumference at breast height (CBH), at a
point with a radius of 15 meters, three trees were randomly selected and measured, totaling
thirty trees to adjust hypsometric models; other thirty trees were used to validate the best fitted hyp-
sometric models (FIGURE 2), thus evaluating the prediction of heights. The term prediction is used
to designate the height obtained through an adjusted model in which the tree in question did
not participate in its adjustment (BATISTA et al, 2001).

To measure the variables of diameter and height, it was used a metric tape for the CBH (later
converted to diameter) and the Suunto hypsometer, respectively. The choice of Suunto hypsometer
was due to it being an instrument widely used in the forest area (MAYRINCK et al., 2016; JESUS et
al., 2012).
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Figure 2. Distribution of points, at which three trees per point, randomly allocated in 7.0 ha of Cerrado, were
measured.

o  Of the trees measured

Source: Elaboration of the authors (2016).

Adjusted hypsometric models and evaluation criteria

For the hypsometric relation adjustments, the statistical models presented in Table 1 were
used, which are commonly applied when expressing the hypsometric relation of trees in Brazil (VEN-
DRUSCOLO et al., 2015; SENA et al., 2015; CURTO et al., 2013). These models, five linear and
five non-linear, were adjusted using the software R for Windows, considering only the diameter as an
independent variable.

Table 1. Adjusted hypsometric models evaluated for a Cerrado fragment in the southern of Tocantins state.

N° MODELS DENOMINATION
LINEAR
1 H=B0+B1D+B2D%+¢ PARABOLIC
2 In(H)=R0+B1In(D)+¢ STOFFEL
3 In(H)=B0+B1(1)+e CURTIS
D
4 H=B0+B1In(D)+e HENRIKSEN
5 AZEVEDO
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N° MODELS DENOMINATION
NON-LINEAR

6 H=B0(1-Blexp(-B2D))+e MONOMOLECULAR
7 H=B0exp GOMPERTZ

H= B0 e
8 (1+B1lexp(-B2D)) LOGISTIC
9 H=B0(1-exp(-B1D"B2))+e WEIBULL

DZ

H=

10 (B0+B1D+p2D?) +€ PRODAN

H = total height; Bi = regression parameters; D = diameter at breast height; Ln = neperian logarithm;
Exp = exponential; € = error.

Source: Elaboration of authors (2016).

Subsequently, after adjusting the ten hypsometric models, a preliminary evaluation was perfor-
med through the residue analysis and the statistics obtained through Equations 1, 2 and 3:

R =1-(5) (57) w
sun = [ (2)
sua% = (42) 100 (3)

At which:

SSres = sum of squares of residuals, SSt = Sum of total squares, Glres= degrees of freedom of residuals,
R?aj = adjusted coefficient of determination, = (S ;) residual standard error and H = average of real heights.
Others have already been defined.

In order to define the best hypsometric model, a weighted value of the statistical parameter
(WV) scores was used to classify them according to the results of the adjustment statistics, with the
lowest WV being the indicator of the best adjustment.

For predicting models, which were previously selected by the criteria described before, it was
adopted: absolute error (AE); average of the deviations of the prediction error (ADP); Square root of
average error (SRAE%) and coefficient of determination (R?), whose statistics were obtained by Equa-
tions 4, 5, 6 and 7:

AE =%|H - A| (4)
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ADP = <”§”> 100 (5)
SRAE% = ( /@) 100 6)
RZ =1- (S:;f) (7)

At which:
H = predicted height
n = number of trees

SSep = sum of squares of prediction residues.

Results and discussion

Table 2 presents the results for the estimation of the ten adjusted hypsometric relation models
in the study area. It can be noticed the models had very similar behavior, with little variation in the
R2aj and (s, statistics, the R?aj ranged from 0,362 (MODEL 5) to 0,489 (MODEL 7). For s, the
variation was between 17,58 % (MODEL 7) and 20,29 % (MODEL 3). These results of R?aj and s,
can be considered satisfactory because it is a native forest of Cerrado, which presents high variation
in the relation between height and diameter of the trees.

This implies low correlation between these two variables and, especially, non-elevated R2aj
values, as well as lower results for the other statistics when compared to the adjustment of hypsome-
tric models in planted forest (HESS et al. 2014). In similar studies on hypsometric relation for forest
plantations, for example, Azevedo et al. (2011), working with four species (sete-casca — Samanea
tubulosa; white ipé — Tabebuia roseo alba; purple ipé — Handroanthus impetiginosus; and yellow
ipé — Handroanthus albus) native from the plateau (Plateau of Conquest) of Bahia State, found R?aj
superior to 80 %.

Rufino et al. (2010), in his work with an eucalyptus settlement conducted by the regrowth
system, obtained values of R2aj varying from 0.55 to 0.76 %. On the other hand, Hess et al. (2014)
adjusted hypsometric relations models for Amazonian Forest species and obtained R2aj ranging from
0.17100.97 and s »from 0.08 % to 13,2 %. Generally, the complexity of adjustment of hypsometric
models in native forest is much higher than in plantations, especially in Cerrado areas (ANDRADE et
al. 2015).
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Table 2. Adjustment statistics of ten hypsometric models tested in native Cerrado forest

Models [{0] Bl B2 Sy’ Rzaj wv
1 5,882 0,246 -0,0018 17,88 0,470 10
2 1,5071 0,2617 - 17,76 0,459 8
3 2,347 -1,868 - 20,29 0,295 23
4 3,091 2,339 - 18,46 0,436 17
5 1,039 -2,018 - 19,30 0,362 17
6 -1,5663 0.7566 0,0632 17,90 0,451 20
7 18,5930 0,6845 0,0199 17,58 0,489 5
8 489,851 0,009 0,286 18,09 0,444 25
9 15,8434 0,9781 0,0386 17,87 0,471 15
10 14,6869 1,4350 0,0577 17,86 0,472 10

BO, B1 and B2: regression coefficients; s ,: Standard Error of Percentage Estimation (%); R2aj: Adjusted
Coefficient of Determination; WV: Weighted value of the Scores of the statistical parameters.

Source: Elaboration of authors (2016).

When compared to each other, the five non-linear models are very similar in quality adjustment.
It was observed the non-linear models (TABLE 2), in general, had better results, highlighting model
7 with R2aj of 0,489 and s, of 17.5 %, which resulted in a lower WV value (5 points). The non-li-
near models are less sensitive to the peculiarities presented in native areas, since the height-diameter
curve pattern is strongly linked by the biological characteristics, best represented by the Gompertz
biomathematical model (MODEL 7). Therefore, regarding the adjusted models, the models 1, 2, 6,
7, 9 and 10 presented better performance, being the ones previously selected.

Figures 3 and 4 show the residual distribution graphics of the previously selected models. It can
be observed the distributions presented similar behavior between models 1 and 2 (linear models),
with residual values ranging from 30 to -40% and with the majority of points concentrated between
20 and -20 %. For models 6, 7, 9 and 10 (non-linear models), the values ranged from 25 to -30 %,
with a very uniform distribution in this interval, proving to be superior to linear ones. In relation to the
meter error is observed a variation of two meters, for more and for less, for all the models. Sena et al.
(2015) recommended the Logistic and Gompertz models to establish a hypsometric relation, mainly
due to better distribution of residuals.
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Figure 3. Percent residuals in DBH function (cm) for six hypsometric previously selected models in a
fragment of Cerrado in Tocantins.
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Figure 4. Distribution of residues in relation to the estimated height for six hypsometric models previously
selected in a fragment of Cerrado in Tocantins.

Source: Elaborated by the authors (2016).
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Table 3 presents the results for the statistics obtained in the prediction performed with the six
previously selected models. Note that there was little variation in the statistical prediction criteria and
models 2 and 10 obtained the best values, favoring model 10. In spite of a distribution of residues
ranging from 20 % to -60 % among these models, in general, overestimating the height for both mo-
dels (FIGURE 5), a better behavior was observed for model 10 even though it is not too expressive.

Table 3. Prediction for the models with the best results of R?, Syx% and dispersion graphic

Model AE ADP% SRAE% R?
1 32,376 -13,725 18,30 0,472
2 31,455 -12,676 17,69 0,507
6 32,576 -13,798 18,38 0,468
7 32,436 -13,757 18,33 0,471
9 32,376 -13,663 18,30 0,473
10 28,701 -11,553 16,45 0,574

AE: absolute error; ADP: the average of the deviations of the prediction error in percentage; SRAE%: square root
of average error; R?: coefficient determination.

Source: Elaborated by the authors (2016).

Figure 5. Percent residuals in DBH function (cm) for the hypsometric models 2 and 10 obtained from the trees
height prediction for Cerrado fragment in Tocantins.
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Source: Elaborated by the authors (2016).

Batista et al. (2001), evaluating the stability of hypsometric models, found linear and non-li-
near models in an area of native tropical forest, estimating the predictive height with R2 ranging from
0,28 to 0,36 and SRAE from 9.8 % to 80,9 %, with superiority of the non-linear models, concluding
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the biological foundation for the models functional form is essential to present appropriate height
estimates, a result consistent with the one presented in this paper.

However, it is important to infer, even if the linear models are simpler, non-linear models are
recommended due to their ability to explain the trees height and diameter ratio, besides the possibility
of biological interpretation of its parameters.

Conclusion

The Statistical adjustment values of the models varied among themselves, R2aj 0,362 to 0,489
and s, :17,58 % to 20,29 %. Regarding the residual analysis, there was a tendency of the models
to overestimate the height, reaching up to 40 %.

In general, the non-linear models explained better the dependent variable of height, when com-
pared to the linear models, therefore they are best recommended for estimating heights in Cerrado
forest areas.

The best hypsometric model was Prodan (non-linear) for obtaining better statistical values and
graphical variation.

Modelos hipsométricos ajustados para um fragmento
de cerrado Sensu stricto tocantinense

Resumo

Para uma reducéo dos custos de inventario florestal, os modelos hipsométricos sao de grande
valia. O presente trabalho teve como objetivo ajustar e avaliar modelos de relacao hipsométrica em
area de Cerrado em processo regenerativo situada no municipio de Gurupi (TO). Foram testados dez
modelos, incluindo cinco lineares e cinco nao lineares, no qual os ajustes foram realizados por meio
do software R for Windows. Foram utilizados como critério de selecdo do ajuste dos modelos os pa-
rametros estatisticos do coeficiente de determinacao ajustado (R2aj.), o erro padrao residual (s,;) e a
analise grafica dos residuos e, em seguida, a validacao dos melhores modelos ajustados. As melhores
estatisticas de ajuste foram para os modelos nao lineares, com destaque para o modelo de Gompertz
(MODELO 7), R2aj: 0,489 e s x: 17,58%. Os modelos, em geral, superestimaram a altura, atingindo
até 40 % a mais do que a altura das plantas reais. Diante disso, seis modelos foram para a validacao,
sendo dois lineares e quatro nao lineares. O melhor modelo com a predicao foi o Prodan n&o linear
(modelo 10), que obteve melhores valores estatisticos e variacao grafica. Conclui-se que os modelos
nao lineares explicaram melhor a variavel dependente altura.

Palavras-chave: Altura de arvores. Selecao. Validacao.
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Abstract

It is known that one of the characteristics of semideciduous forests is the evident double
seasonality of a climate with well-defined seasons: one of intense summer rains, and the other
a dry one. The climate defines flowering and reproduction strategies for the plants. This work
aimed to collect behavioral data of ten individuals, from six different species (Euterpe edulis Mart.,
Vernonanthura divaricate (Spreng.) H.Rob., Manihot pilosa Pohl, Anadenanthera peregrine Speg.,
Piptadenia gonoacantha JFMacbr and Miconia chartacea Triana) and one from Platycyamus regnellii
Benth plant. Their behaviors were observed over a period spanning both seasons; the seasonality of
phenophase reproductive phases of the individuals in question was tested. In order to achieve our
goal, monthly observations of the phenophase stages experienced by each individual were carried
out, then they were correlated to climatic variables. The data was processed by circular statistical
analysis in order to verify the reproductive seasonality; furthermore, correlation test was conducted
to determine the climatic index of greater evidence. The results presented a relation for precipitation/
temperature and the reproductive phase of the species. Non-seasonality for the diaspores production
may be a reflection of the climatic abnormality experienced in the period. The dry season is the best
time to collect the investigated species.

Keywords: Atlantic forest. Reproductive biology. Phenophases. Forest seeds. Circular statistics.

Introduction

Livestock and coffee cultivation stimulated deforestation in Minas Gerais, causing a decrease in
native vegetation cover (DEAN, 1996). Machado’s coffee cycles and economic processes is highlighted
mainly by the agricultural aptitude mentioned by Moura et al. (2007).

There are several methods based on different plant acquisition strategies for recovering those
areas. The ecological restoration of an environment has the current objective of reducing the costs
of recovering (GANDOLFI; MARTINS; RODRIGUES, 2006). The natural regeneration of vegetation is
the most economical procedure to recover degraded areas and consists of reducing the degenerative
pressure on the environment, favoring ecological succession. According to Botelho and Davide (2002),
the conduction of natural regeneration by requiring less labor and inputs can significantly reduce the
cost of forest implantation.

1 Engenheiro agronomo, mestre em botanica. danilo.ocl@hotmail.com
2 Instituto Federal de Educacao, Ciéncia e Tecnologia do Sul de Minas Gerais (IFSULDEMINAS), docente. walnir.ferreira@ifsuldeminas.edu.br.
3 IFSULDEMINAS, discente. wander_juninho_srs@hotmail.com.
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One of the restoration strategies is the use of surrounding forest diaspores in the recovering area,
for its acquisition costs are minimal and allow the vegetation process to accelerate (WUNDERLEE,
1997).

Rainforests exhibit a wide variety of phenological patterns (MORELLATO et al., 2000). Therefore,
knowing the proper time of collecting diaspores means optimizing the workforce, what can represent
a reduction in the costs of recomposition of degraded areas. These studies are of great importance for
understanding the dynamics of forest ecosystems as well as being a good tool for understanding the
factors that influence the reproduction and survival of plant species (MORELLATO et al., 2010); they
may contribute providing information about resources distribution within the communities (TALORA;
MORELLATO, 2000; PINTO et al., 2005).

Phenological cycles of tropical plants are complex, with irregular patterns (BENCKE;
MORELLATO, 2002), especially in tropical environments where seasonality in precipitation is
pronounced (RIVERA; BORCHERT, 2001). Marques, Roper and Salvalaggio (2004) point out that, in
addition to climatic seasonality, the plants are likely to go through local environmental variations that
also imply phenological patterns. Thus, the search for general patterns presents obstacles for the great
variety of species with biological behavior and different evolutionary histories (WILLIAMS-LINERA,;
MEAVE, 2002).

In addition to providing bases for propagating material gathering when discussing the
recomposition of degraded areas (TALORA; MORELLATO 2000; PINTO et al., 2005), studies on
reproductive phenology of tree species in forest areas are necessary to provide parameters conservation
and rational exploitation.

Due to the irregularity of the phenological patterns, the present study was carried out with the
objective of analyzing seasonality in the production of flowers, fruits, leaf fall and sprouting in addition to
correlating them with monthly rainfall rates during the study period, allowing determination (fruits and
seeds) for the studied species, providing a basis for the elaboration of recovery plans for degraded areas.

Material and methods

The studies were conducted in a remnant forest located at the campus of Federal Institute of
Education, Science and Technology of South of Minas Gerais, Machado, MG (FIGURE 2). According
to campus staff, the fragment has an area of about 7 ha currently, and it has been in the process of
natural recovery for more than fifty years.

The region is part of the Semideciduous Seasonal Forest domain within the Atlantic Forest
biome (IBGE, 2004). It presents itself ranging from strongly undulating to hilly relief (altitude between
835 m and 1,310 m). The geology presents itself homogeneously being inserted in the Varginha
Complex that is constituted mainly by gneisses. Three classes of soils can be found there: Dystrophic
Red Latosol, Dystrophic Red-Yellow Argisol and Eutrophic Red Argisol, according to RADAMBRASIL
(URURAHY et al., 1983). The annual average temperature is 21.2 °C; maximum monthly average of
27 °C and minimum monthly average of 14.2 °C; the annual average rainfall is 1,824 mm, with dry
and cold winters and hot and rainy summers (FIGURE 1) (MOURA et al., 2007).
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Figure 1. Climogram of the municipality of Machado. Values represent monthly averages of climatological
normal.
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Source: Adapted from Climatempo (2017).

The remnant forest under discussion is the source of work on several ecological fronts. Some
of these studies, such as that of Rezende (2015) and Marinho (2015), with phytosociological and
floristic focus served as the basis for the choice of species and the number of specimens used to
test the seasonality in the production of propagules. Hence, the value of importance of the species
alongside a minimum common number of 10 plants of each species were the parameters which
defined our choice.

Having this knowledge, we selected seven pioneer species as data source (TABLE 1). Six of
these species were followed by 10 adult plants and 1 plant of Platycyamus regnellii Benth. (Pau-
pereira), totaling 61 plants. The exception presented is due to the absence of other adult plants in the
study area and to the appreciation and local importance given to the species.

The botanical families were recognized according to the Angiosperm Phylogeny Group IV system
(APG, 2016). Sa et al. (2012) classified the dispersion syndrome of the species studied according
to their study.
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Figure 2. Different perspectives of the outcrop where the study was carried out. (A) Panoramic image of
Machado campus, highlighting the forest where the work was developed. (B) View of the fragment at the edges
of the access trail. (C) Photo inside the forest.

Source: Prepared by the authors (2017).

Table 1. Average circumference at chest height (CAP), mean height (Height) and dispersion syndrome (SD) of
the species selected for the present study, in a fragment of the Semideciduous Seasonal Forest in Machado,
Minas Gerais (acronyms in Portuguese).

FAMILY / Species Regional popular name (SQ; Hz'f)ht
ARECACEAE
Euterpe edulis Mart. palmito-jussara 50,5 7,0
ASTERACEAE = pau-fumo 98,1 10,0
Vernonanthura divaricata (Spreng.) H. Rob.
EUPHORBIACEAE
Manihot pilosa Pohl mandioca-brava 20,6 4,0
LEGUMINOSAE
Anadenanthera peregrina (L.) Speg. angico-vermelho 95,1 10,9
Piptadenia gonoacantha (Mart.) J.F.Macbr. pau-jacaré 96,6 9,6

Platycyamus regnellii Benth. pau-pereira 223,0 15,0
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. . CAP Height
FAMILY / Species Regional popular name (cm)* (m)
MELASTOMATACEAE
Miconia chartacea Triana quaresmao 74,6 8,7

*in centimeters.
Source: Prepared by the authors (2017).

Phenological observations were performed monthly with the help of binoculars, from September
2013 to August 2015. According to Campos (2007), the presence or absence of the phenophases
was recorded: i) flowering (flower buds or flowers in anthesis), ii) fruiting (immature or mature fruits),
i) leaf fall, iv) budding (plants who presented themselves partially or totally with newer, smaller and
more tender leaves of a lighter or reddish color). Fruiting was only considered when the fruits became
visible due to the transition between flowering and fruiting being gradual.

Monthly flowering and fruiting frequencies were calculated by the number of species with
flowers or fruits in each month. Therefore, the number of species with flowers or fruits in each month
was divided by the sum of the numbers of species with flowers or fruits in each month. After that, the
data was submitted to circular statistical analysis according to Talora and Morellato (2000) and the
seasonality in the frequency distribution was tested as described by Morellato et al. (2000).

Climatic indexes were obtained from the online database of /nstituto Nacional de Meteorologia
(INMET), considering monthly averages from the period of observations collected by the meteorological
station of the municipality of Machado. The highlighted variables were: Total Heat, Total Precipitation,
Average Compensated Temperature.

In order to verify the existence of correlations between flowering and fruiting species frequencies
and climatic variables (Total Shock, Total Precipitation, Mean Compensated Temperature), the
Spearman correlation test (ZAR, 1999), software R version 3.2.2., was used.

Results and discussion

Figure 3 represents the phenological behavior of all species studied. In the first rainy season
(end of 2013 and beginning of 2014), the vegetative behavior was predominant among the species.

The reproductive and budding phases and foliar fall ceased from September (2013) to March
(2014), when blooming plants and leaf fall could be found.

From the month of May, it is observed the number of species in each phenophase alternated,
reaching the peak of fruiting in July (2014) and August (2014) and of flowering in April (2014) and
February and March (2015).

The leaf fall pattern was designed following the rainfall index of the study period and the foliar
flow curve followed a slight delay in leaf fall.
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Figure 3. Phenological behavior by number of species observed in the fragment of Semideciduous Seasonal
Forest in Machado, Minas Gerais, and respective studied phenophases. Climogram of the municipality of
Machado, with orderly precipitation according to the study period.
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According to Bencke and Morellato (2002), the option of treating the data in a qualitative
way, meaning showing the activity peaks of each phenophases, was based on the possibility of
presenting feasible relationships in abiotic factors that determine or restrict the occurrence period of
each phenophase.

From the representation in Figure 3, it is possible to verify such relation with an abiotic factor.
The Spearman correlation test between the variables listed and the frequency of flowering or fruiting
presented results that guarantee the influence of abiotic factors on reproductive phenophases,
with the exception of Total Sunshine, which did not present significant value that indicated it as a
determining factor in the manifestation of flowering or fruiting. The significance values obtained are
shown in Table 2.
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Table 2. Synthesis of data obtained through Spearman correlation analysis.

Total Insolation Total Precipitation Average temperature
rho
Frequency of Flowering/ 0.2717 0.5169 0.7237
Fruiting
Value of “p” Not significant p<0.001 p<0.001

Source: Prepared by the authors (2017).

Despite the apparent seasonality in Figure 3 and the evidence of the influence of the abiotic
factors on the phenophases manifestation of the observed species, the result obtained by the circular
statistical analysis points to an incipient concentration of the data at any time of the year. Vector “r”
resulting from the calculations was around 0.12 without statistical significance (p>0.05). Thus,
reproductive activity responds to environmental factors; however, in the study period, there was no
significant seasonal manifestation for the phenophases.

Even though the climatic seasonality characteristic of the southern region of Minas Gerais state
is common sense (MOURA et al., 2007), it is worth mentioning that, during the study period, the
region went through a drought season with a rainfall regime much lower than normally registered.
Therefore, during that period, the climatic conditions did not show double seasonality as it was before.

Figure 4 represents the distribution of the values of each climatic variable of two previous
periods equivalent to that of the work developed. The mean monthly values of precipitation in the two
periods prior to our study indicate a larger amplitude, as well as the values of maximum and minimum
monthly average temperatures. Such representation shows the climate in the studied period was not
as seasonally as it was in previous years.

The work of Borchert (1980) suggests that patterns of reproduction and growth in tropical
species are determined only secondarily as adaptation to environmental changes, being the
predominant endogenous processes, what may explain the fact we do not observe seasonality in the
diaspores production. Since climatic conditions were less seasonal, the most influential factors in the
manifestation of flowering and fruiting were biotic selective pressures such as herbivore, predator,
competitor, pollinator and dispersion pressure (AIDE, 1988).
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Figura 3. Boxplot with the values of each variable in the periods of: 1) September 2009 to August 2011; 2)
September 2011 to August 2013; 3) September 2013 to August 2015 (this study).
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In spite of non-seasonality, the phenomena of flowering and fruiting were still correlated with
environmental variables, demonstrating that, even if there is no evident seasonality, the species
studied will respond to temperature and precipitation conditions.

Conclusion

It can be concluded the best season for collecting propagation material of the species studied is
the dry season of the year, from May to September based on the observations presented.

According to the data obtained in the present study, strategies for recovering degraded areas
can be traced conforming propagation material availability for the studied species and the tree sinus in
question. However, we note the data presented here, combined with an investigation of the intensity
in which phenological events occur, will provide sufficient basis to determine the role of biotic agents
in the manifestation of each phenophases.

Fenologia de espécies arbéreas visando a recuperacao de
areas degradadas no municipio de Machado (MG)

Resumo

Sabe-se que uma das caracteristicas das matas semideciduas é a evidente dupla estacionalidade
proporcionada por um clima com estagoes bem definidas: uma de chuvas intensas de verao, seguida
por outra com um periodo de estiagem. Este tipo de clima define as estratégias de floracéo e de
reprodugao dos individuos. Assim sendo, este trabalho foi realizado com o objetivo de levantar
dados comportamentais de dez individuos, de seis espécies diferentes (Euterpe edulis Mart.,
Vernonanthura divaricate (Spreng.) H.Rob., Manihot pilosa Pohl, Anadenanthera peregrine Speg.,
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Piptadenia gonoacantha J.F.Macbr. and Miconia chartacea Triana) e um individuo de Platycyamus
regnellii Benth, observando seus comportamentos ao longo de um periodo que abrangeu as duas
estacoes, e de testar a sazonalidade de fenofases reprodutivas dos individuos em questao. Para
isso, fizeram-se observacoes mensais das fenofases vividas por cada individuo relacionando-as
com variaveis climaticas. Os dados foram tratados por meio de analises de estatistica circular para
verificar a sazonalidade reprodutiva e teste de correlacao a fim de determinar o indice climatico de
maior evidéncia. Os resultados apresentaram uma relagdo entre precipitacao/temperatura e a fase
reprodutiva das espécies. A nao sazonalidade na producao de didsporos atestada pode ser reflexo
da anormalidade climatica vivida no periodo, de forma que a estacao seca do ano € a época mais
recomendavel para coleta das espécies investigadas.

Palavras-chave: Mata Atlantica. Biologia reprodutiva. Fenofases. Sementes florestais. Estatistica
circular.
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Abstract

The extraction of vermiculite generates coproducts that are deposited around mining industries
resulting in environmental issues. The aim of this study was to evaluate the use of the equitable
combination of fine and ultrafine dust obtained from the extraction of vermiculite, and the necessary
amount of cattle manure (CM) added to the substrate to produce Piptadenia stipulacea (Benth.)
Ducke seedlings. The experiment was conducted between April 2013 and February 2014, in the
tree nursery of the UAEF/CSTR/UFCG, Patos, PB, Brazil, using a completely randomized design
with six treatments. The treatments consisted of a lowland soil with TO0=0% and T1=33% of CM
(v/v) and the equitable combination of the coproducts from the vermiculite extraction with T72=0%,
T3=5%, T4=10%, and Tb=20% of CM. All treatments were performed with five replicates. The
significant values obtained for the height, basal diameter, and shoot dry matter were inferior to those
obtained from the seedlings developed in lowland soil, with or without the addition of CM. The average
value of sprouting decreased when the level of CM addition to the coproducts was 20%, which was
demonstrated by the plants from three of five plots of the treatment being unable to produce sprouts
after the shoot was cut. If the preference is for using the coproducts, the level of cattle manure must
be of approximately 10% since the seedlings present enough vigour to sprout twice and restore its
height, basal diameter, and shoot dry matter between 90 and 113 days from the cutting.

Keywords: Mining activity. Degraded areas. Organic matter.

Introduction

Environmental degradation occurs mainly in the arid, semi-arid, and dry sub-humid regions
of the planet, resulting from climatic and anthropogenic factors such as livestock, agriculture, and
mining activities. These activities are mainly conducted in the semi-arid region of northeastern Brazil,
which extends for more than 980 km?, distributed in all states of the northeastern region (apart
from Maranhao) and northern Minas Gerais (ALVES et al., 2009). The environmental imbalance is
more critical in Ceara and Paraiba where environmental degradation occurs in more than half of its
territories. For Lima et al. (2006), this degradation presents a strong anthropological component
since the region inhabits 57.3 million people, in addition to 28.2 million cattle, 7.8 million goats,
and 9.3 million sheep, which mostly feed from the native vegetation. Thus, the semi-arid region is
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characterized as the most populated and with the highest degree of anthropic activity in Brazil (LIMA
et al., 2006).

However, the improper employment of these activities causes environmental issues. The land
recovery process is slow and has uncertain results, demanding actions appropriate for deteriorated
ecological conditions, particularly regarding the soil (KITAMURA et al., 2008; PEREIRA et al., 2013).
An alternative is the production and planting of native tree species seedlings adapted to degraded
areas, which, if cultivated with an alternative substrate instead of the conventional ones, primarily
composed of lowland soil and manure, would result in the non-degradation of alluvial areas and the
minimization of the environmental impacts caused by coproduct deposition around mining areas
(FERREIRA NETO et al., 2007; RODRIGUES et al., 2007).

The substrate used for seedling production must consist of materials that provide the support,
moisture, and nutrients necessary for seedling growth (AZEVEDO et al., 2006; PEREIRA et al.,
2016). Many materials can be used depending on the region. According to Leite et al. (2015), fine
dust contains phosphorus (58 mg dm?); magnesium (3.8 cmolc dc3), and calcium (14 cmolc dc?),
levels considered high and superior to those generally observed in soils, with the advantage of being
gradually available to the soil solution.

Among the tree species adapted to degraded areas is the Piptadenia stipulacea (Benth.)
Ducke., a woody Fabaceae of the Mimosoideae subfamily that reaches 4 meters in height and occurs
in region from thin shrubby caatinga to dense tree vegetation, from Piaui to Bahia, in deep and well-
watered areas, but that also adapts to inhospitable and degraded areas (OLIVEIRA et al., 2009). This
species produces wood, firewood, medications, nectar, pollen, and fodder, and can be used in forest
restorations and agroforestry systems due to its fast growth and nitrogen fixation in the soil through a
symbiosis with nodulating bacteria of the Rhizobium genus (BARBOSA et al., 2013; FARIAS et al.,
2013; ALMEIDA et al., 2015).

This study evaluated the use of the equitable combination of fine and ultrafine dust, coproducts
of vermiculite extraction, and the necessary amount of cattle manure to be added to the substrate to
produce Piptadenia stipulacea (Benth.) Ducke. seedlings.

Material and methods

This research was conducted from April 2013 to February 2014 in a screened environment
located in the tree nursery of the Forest Engineering Academic Unit/Rural Health and Technology
Center/Federal University of Campina Grande (UAEF/CSTR/UFCG), Patos, PB, Brazil.

The substrates tested to cultivate the seedlings were lowland soil or an equitable combination of
fine and ultrafine dust, coproducts from vermiculite extraction, enriched with different proportions of
cattle manure. The soil was collected from the lowland area at 1 m of depth while the coproducts were
obtained from the Mineradora Pedra Lavrada (MPL), located in Santa Luzia, Paraiba, Northeastern
Brazil.

The cattle manure, tanned for 30 days, lowland soil, and coproducts were dried, disturbed,
homogenized, separately sieved using a 2 mm mesh sieve, and mixed according to the proportions
indicated by the experimental treatments. The lowland soil and coproducts were sampled and
chemically characterized in the Soils Laboratory of the Patos Campus Agricultural Engineering
Academic Unit (TABLE 1), according to the methodology proposed by EMBRAPA (2006).
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Table 1. Attributes of the lowland soil and coproducts of vermiculite extraction (fine and ultrafine dust) used to
cultivate Piptadenia stipulacea (Benth.) Ducke seedlings.

PH.c.o P Ca Mg K Na SB H+Al CEC Vv
Substrate 2
mg.dm? = e cmol dm3ecemeeceeeieecceeee e %
Lowland soil 6.2 44,1 5.0 2.4 0.18 1.68 7.26 1.1 10.4 89.4
Fine dust 6.4 330 16.5 2.5 0.33 3.70 23.03 0.6 23.6 97.5

Ultrafine dust 6.7 429 26.0 4.0 049 6.09 36.58 0.6 37.2 984

*SB = sum of bases; CEC = cation exchange capacity; V = saturation by bases.
Source: Prepared by the authors (2014).

Prior to sowing, the Piptadenia stipulacea (Benth.) Ducke seeds were placed for 20 seconds in
a 100 ml Becker with boiling water after switching off the heat source and cooled in running water at
room temperature. Subsequently, 10 seeds were directly sown onto the substrate of each 8,000 cm?
pot. Thinning was conducted thirty days after sowing (DAS), leaving the two most vigorous seedlings
in each pot. The pots were kept in a screened environment between April 2013 and February 2014,
with daily manual irrigation.

The height and basal diameter data were collected at 37, 41, 44, 58, 65, 72, 86, 100, 193,
and 293 DAS. The height (cm) was obtained with a millimetre ruler, placed next to the plant to
measure the length between the surface of the substrate and the base of the apical meristem (data
collected until 100 DAS) or highest sprout (collected at 190 and 293 DAS). The diameter (mm) was
obtained with a digital pachymeter of 0.05 mm precision, corresponding to the diameter of the base
of the stem axis of the Piptadenia stipulacea (Benth.) Ducke seedlings (data collected until 100 DAS)
or to the sum of the basal diameters of the sprouts of both plants from each pot (data collected at
190 and 293 DAS).

The shoot of each seedling was thinned, dehydrated in a forced ventilation oven for 72 h at
60 °C, and weighed at 100 DAS to determine the dry matter (DM) (g) using a digital scale of 0.1 g
precision. After thinning the seedlings, the pots were kept in a screened environment under the same
environmental and irrigation conditions previously described. When the seedlings recovered, they
were thinned anew at 190 and 293 DAS.

The plots were randomized according to a completely randomized design consisting of 6
treatments [lowland soil enriched with TO = 0% and T1 = 33% of cattle manure (CM), and equitable
combination of fine and ultrafine dust, coproducts of the vermiculite extraction, enriched with T2 =
0%, T3 = 5%, T4 = 10%, and T = 20% of CM] and 5 replicates, totalizing 30 plots (pots with
two plants).

The data of height, basal diameter, and DM analyzed corresponded to the sum of the values
observed from both plants of each pot. The effects of treatments were tested applying the ANOVA F
test, using the regression models to estimate the effect of the age and levels of cattle manure addition
on height, basal diameter, and shoot DM, employing the linear regression analysis techniques for P
< 0.05.
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Results and discussion

Height

Figure 1 shows that, in general, the height of the seedlings significantly increased in the lowland
soil added with CM when compared to the other CP-vermiculite treatments. At 100 DAS, concerning
the substrate CP-vermiculite with no CM, the seedlings presented low growth, indicating the need
for CM in the combination of this type of material. The seedlings presented heights from 21.30 to
120.14 cm/2 seedlings or the equivalent between 10.65 and 60.07 cm seedlings™. At this age, the
CP-vermiculite substrate with 10 % CM provided a mean height of 39.65 cm plant!, which was
already characterized from 72 DAS but remained below the mean values observed in the seedlings
in the lowland soil.

Figure 1. Total height of two Piptadenia stipulacea (Benth.) Ducke seedlings in function of the age (from 37
to 100 days after sowing) and percentage (volume) of cattle manure added to the coproducts of vermiculite
extraction (O, 5, 10, and 20 %, volume) and lowland soil (O and 33 %).

N CP vermic+0% Cattle manure 8 CP-vermic+3%: Cattle manure

m CP vermict10% Cattle manure = CP-vermic+2 (0% Cattle mamure

® Soil +0% Cattle manure Soil +33% Cattle manure

120

100

80 -

Height of two seedlings (cim)

40 A

20 4

37 44 51 58 63 72 86 100
Days After Sowing

Source: Prepared by the authors (2014).

It is possible there is an optimal dosage of CM in the lowland soil between the levels of CM
considering the existence of only two levels of CM distant from each other (0 % and 33 %) and the
apparently negative effect until 65 DAS, which contrasts with the positive effect at 86 and 100 DAS.
Thus, when using the conventional substrate, one might be wasting CM at the same time as producing
seedlings with quality below expectations. Further studies are necessary to confirm this hypothesis.

The data obtained in this study were similar to those reported by other authors for Piptadenia
stipulacea (Benth.) Ducke. Farias et al. (2013) found a mean height of 7.1 cm at 14 DAS for
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seedlings cultivated on a substrate composed of coconut fibre while Barbosa et al. (2013) reported a
mean height of 51.25 cm at 120 days after germination, using cambisol in the substrate.

The values of seedling height reported for other tree species of the Caatinga can be of interest
and serve to relativize the growth potential of Piptadenia stipulacea (Benth.) Ducke. When studying
Myracrodruon urundeuva Fr. ALL seedlings, Caron et al. (2007) obtained a mean height of 46.4 cm
at 112 days, cultivated in a substrate composed of 1/3 coffee straw and 2/3 dystrophic yellow latosol
corrected with dolomitic limestone. Bernardino et al. (2006) reported a height between 19.80 and
71.23 cm Anadenanthera macrocarpa Benth. seedlings at 100 days after germination, when using
the corrected and fertilized subsoil of three soil classes in the substrate. Lima et al. (2010) verified
a mean height between 87.67 cm and 105.00 cm for Enterolobium contortisiliquum (Vell.) Morong
and between 41.67 cm and 54.20 cm for Hymeneae courbaril L. var. stilbocarpa (Hayne) Lee et
Lang. at 120 days after germination using four levels of shading (0 %, 30 %, 50 %, and 80 %) and
Plantmax commercial substrate.

Apart from the CP-vermiculite treatment with 20 % CM, the Piptadenia stipulacea (Benth.)
Ducke presented a good power of shooting induction, especially in the lowland soil. Note that the
sprouting for each treatment is higher at the end of the second (190 and 293 = 113 days) when
compared to the first recovery period (between 100 and 190 = 90 days) after the first thinning at
100 DAS (TABLE 2), especially in the lowland soil. This sprouting power is also evident in the CP-
vermiculite treatment with no addition of CM. This treatment provided almost zero height growth
between 37 and 100 DAS (FIGURE 1). However, somehow the sprouting of the second period
reached a mean height superior to that observed in the first 100 DAS. It is possible that the plant
reacted to the thinning as well as to the presence of gems, accumulation of reserves in its root system
or the gradual release of nutrients by the substrate, enough to result in more vigorous sprouting than
that from the previous period.

Table 2. Total height of two Piptadenia stipulacea (Benth.) Ducke seedlings (cm/? seedlings) at 100, 190, and
293 days after sowing (DAS) in function of the percentage (%, v) of cattle manure (CM) added to the substrate
(equitable combination of vermiculite coproducts = CP-vermic, and lowland soil = Soil)

Treatments 1t cut 2" cut 3" cut
100 DAS 190 DAS 293 DAS
CP-vermic+0%CM 21.30 11.60 29.80
CP-vermic+5%CM 53.70 59.74 131.60
CP-vermic+10%CM 79.30 121.2 138.40
CP-vermic+20%CM 77.30 37.80 29.03
Soil+0%CM 94.64 159.0 301.40
Soil+33%CM 120.14 174.7 274.2

Source: Prepared by the authors (2014).

For some reason this accumulation of reserves or any other factor does not occur in CP-
vermiculite enriched with 20 % CM. The plant mortality after the first thinning was high in this
treatment (both plants in 3 of the 5 pots presented no sprouting or were dead, and one or two pots
from the other treatments with CP-vermiculite presented no sprouting, while all pots with lowland
soil showed sprouting). The explanation for this mortality demands additional studies. Thus, it is not
advisable to add more than 10 % of CM to CP-vermiculite, unless an additional corrective procedure
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is performed, such as adding N or K, resulting in a chemically and physically balanced substrate,
which should be considered in future studies.

Diameter

In general, the diameter of the seedlings was lower for the CP-vermiculite treatments when
compared to those of the lowland soil when measured between 37 and 100 DAS (FIGURE 2). In the
treatments with CP-vermiculite, the effect of the CM was only seen with more clarity at 100 DAS,
indicating a decrease in the diameter with the addition of 10 % of CM. The effect was reversed for the
lowland soil for the same period, at first presenting as negative and reversing at 86 and 100 DAS but
at a lower level than expected with the addition between O and 33 % of CM. These values suggest
the possibility of a maximum point between these levels of CM, similar to what occurred with the
CP-vermiculite substrate.

Figure 2. Total basal diameter of two Piptadenia stipulacea (Benth.) Ducke plants in function of age (from 37
to 100 days after sowing) and percentage (volume) of cattle manure added to the substrate (coproducts of the
extraction of vermiculite = CP-vermic, and lowland soil = Soil).

B CP vermicH)% Catile manure 8 CP-vermic+35% Cattle manure
m CP vermict10% Cattle manure = CP-vermic+20% Cattle manure

B Soil +0% Cattle manure Soil +33% Cattle manure
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Source: Prepared by the authors (2014).

At 100 DAS, the mean diameter of the seedlings was between 3.74 and 10.13 mm/2 seedlings
(TABLE 3) or the equivalent between 1.87 and 5.06 mm seedling. Considering this age and the
substrate with CP-vermiculite, the dose of 10 % of CM provided the highest mean (3.14 mm plant),
suggesting the use of this dosage when using the CP-vermiculite substrate to produce Piptadenia
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stipulacea (Benth.) Ducke seedlings. However, when comparing this value with those obtained in the
lowland soil and those reported by Barbosa et al. (2013) (6.00 mm) under the conditions already
discussed for height, the CP-vermiculite requires other corrections in addition to the addition of
10% CM.

Table 3. Total basal diameter (mm/2 seedlings) of Piptadenia stipulacea (Benth.) Ducke. at 100, 190, and
293 days after sowing (DAS)

Treatments 1+ cut 2" cut 3 cut
100 DAS 190 DAS 293 DAS
CP vermic+0%CM 3.74 1.81 2.53
CP-vermic+5% CM 5.14 5.61 7.77
CP vermic+10% CM 6.28 7.55 9.39
CP-vermic+20% CM 5.60 2.58 3.47
Soil+0% CM 9.35 13.13 11.47
Soil+33% CM 10.13 10.59 17.40

Source: Prepared by the authors (2014).

A positive CM effect is observed for the lowland soil when regarding only the means at 100
DAS. However, it is possible that an optimum dose exists for the lowland soil between the two levels
of CM distant from each other (O % and 33 %) considering the apparently adverse effect that occurs
until 65 DAS, contrasting with the positive impact at 86 and 100 DAS (FIGURE 2). Thus, when using
the conventional substrate, one can be wasting CM and at the same time producing seedlings of a
quality inferior to the expected. Further studies are necessary to confirm this hypothesis.

The Piptadenia stipulacea (Benth.) Ducke seedlings demonstrated an increasing sprouting
power between both measurements (190 and 293 DAS), reaching values superior to those verified
for the plants before the first thinning at 100 DAS, apart from the CP-vermiculite treatments with O
or 20 % of CM, which also resulted in high mortality, as previously reported. In these treatments,
the sum of the diameters of all sprouting is higher at the end of the second (between days 190 and
293 = 113 days) than the first (between 100 and 190 = 90 days) recovery period after thinning
(TABLE 3), especially in the lowland soil, and exceed the respective values observed at 100 DAS.
The reaction power to the thinning of the shoot is striking and, as emphasized, deserves additional
studies to elucidate how Piptadenia stipulacea (Benth.) Ducke can react to the stress caused by the
continuous thinning of its shoot performed in periods from 90 to 113 days and to elucidate the reason
this does not occur on the CP-vermiculite substrate with O or 20 % of CM.

Dry matter

Figure 3 shows the effects of the type of substrate and the addition of CM on the total production
of DM from the three thinnings (plant + sprouting 1 + sprouting 2). In general, the value of total DM
produced by the seedlings was higher in the lowland soil. The CM positively affected the production
of DM when added in up to 10 % to the CP-vermiculite (P < 0.05). The enrichment of the CP-
vermiculite with higher levels of CM impaired the production of DM, causing the mortality of a
significant percentage of plants.

81



82

Use of coproducts from vermiculite extraction in the production of Piptadenia stipulacea (Benth.) Ducke seedlings

Figure 3. Shoot dry matter of two Piptadenia stipulacea (Benth.) Ducke seedlings resulted from three cuts
performed at 100, 190, and 293 days after sowing.
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Source: Prepared by the authors (2014).

35

The total value of DM produced in the three thinnings was of between 23.05 and 65.72 g/2
seedlings (TABLE 4) or the equivalent between 11.53 and 32.86 g seedlings. The dose of 10 % of
CM resulted in the highest average (20.03 g mol!) for the CP-vermiculite substrate, which suggests
the use of this dose when using this substrate to produce Piptadenia stipulacea (Benth.) Ducke
seedlings. This tendency was observed in the sprouts collected at 190 and 293 DAS. However, the
total value of DM obtained in the treatments with CP-vermiculite reaches a maximum of 68 % when
compared to the value of the treatments with lowland soil.

Table 4. Total dry matter (g/2 seedlings) of the shoot of two Piptadenia stipulacea (Benth.) Ducke seedlings
resulted from the cuts performed at 100, 190, and 293 days after sowing (DAS)

Treatments Total from three 1% cut 2" cut 3 cut
cuts 100 DAS 190 DAS 293 DAS

CP vermic+0%CM 23.05 4.54 13.22 5.29
CP-vermic+5% CM 27.72 5.65 9.35 12.72
CP vermic+10% CM 40.05 7.67 14.22 18.16
CP-vermic+20%CM 23.05 8.04 4.68 10.33
Soil+0% CM 58.85 15.22 18.18 25.45
Soil+33% CM 65.72 16.42 14.94 34.36

Source: Prepared by the authors (2014).
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The DM values ranged from 4.54 to 16.42 g/2 seedlings, or the equivalent of 2.27 and 8.21
g seedlings! at 100 DAS. These values were inferior to those reported by Barbosa et al. (2013),
Bernardino et. al. (2005), Caron et al. (2007), Gomes et al. (2012), Lima et al. (2010), namely
11.19 g, 14.70 g, 21.52g, and 21.27 g, respectively, under conditions previously reported. This
may have occurred because of the adaptation of the species to degraded environments, its fixation of
atmospheric nitrogen, and its low nutritional requirement, demanding no addition of cattle manure to
the substrate.

Resembling the values observed for the height and basal diameter, the Piptadenia stipulacea
(Benth.) Ducke presented increasing vigour between both sprouting measurements (190 and 293
DAS), reaching values superior to those verified in the plants at 100 DAS, apart from the CP-vermiculite
treatments with 0 or 20 % of CM, for which behaviour was not so clearly expressed and resulted in
high mortality. In these treatments, the value of DM for all sprouting was superior at the end of the
second (293 DAS) recovery period when compared to the first (190 DAS) (TABLE 3), especially in
lowland soil, and overcame the values observed at 100 DAS. Further studies must be conducted to
evaluate the striking reaction power to thinning the shoots to elucidate how the Piptadenia stipulacea
(Benth.) Ducke can react to the stress caused by the successive shoot thinnings performed during
90 to 113 days of recovery, as well as to outline the reason this does not occur in CP-vermiculite
substrate with O or 20% of CM.

Conclusions

The production of Piptadenia stipulacea (Benth.) Ducke using an equitable combination of
fine and ultrafine dust, coproducts from the vermiculite extraction, results in smaller seedlings with
less shoot dry matter when compared to those produced in lowland soil substrate with or without the
addition of cattle manure.

If this coproduct is used to produce Piptadenia stipulacea (Benth.) Ducke seedlings, the
addition of cattle manure should not exceed 10 %.

Uso de coprodutos da extracao de vermiculita na producao
de mudas Piptadenia stipulacea (Benth.) Ducke

Resumo

A extracdo de vermiculita gera coprodutos que sao depositados no entorno das industrias
mineradoras, causando problemas ambientais. Este estudo objetivou avaliar a utilizacdo da mistura
equitativa dos coprodutos poeira fina e ultrafina da extracao da vermiculita e a quantidade necessaria
de esterco bovino a ser adicionada ao substrato de producédo de mudas de Piptadenia stipulacea
(Benth.) Ducke. O experimento foi conduzido entre abril de 2013 e fevereiro de 2014 no Viveiro
Florestal da UAEF/CSTR/UFCG, Patos (PB), Brasil, em um delineamento inteiramente casualizado
com 6 tratamentos: solo de baixio com TO=0% e T1=33% de EB (v/v), mistura equitativa dos
coprodutos da extracao de vermiculita com T2=0%, T3=5%, T4=10% e T5=20% de EB e 5
repeticoes. As médias de altura, diametro basal e massa seca da parte aérea das mudas em CP-
vermiculita foram menores do que as verificadas nas mudas se desenvolvendo em solo de baixio
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sem ou com a adicao de EB. Quando o nivel de adicao de EB aos coprodutos foi de 20% as meédias
decresceram, bem como o vigor das rebrotas, pois em trés das cinco parcelas deste tratamento as
plantas nao conseguiram emitir brotagdes ap6s o corte de sua parte aérea. Caso se opte por utilizar os
coprodutos, o nivel de esterco bovino deve ficar em torno de 10%, uma vez que as mudas apresentam
vigor suficiente para rebrotar duas vezes e recompor sua altura, diametro basal e matéria seca da
parte aérea em 90 a 113 dias do corte de sua parte aérea.

Palavras-chave: Atividade mineradora. Areas degradadas. Matéria organica.
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Abstract

Brazil has a high index of intoxications due to toxic plants, which are organisms known by their
potential to synthetize active principles capable of causing changes in human and animal organisms.
The research aimed to locate toxic plants present at Campus of Instituto Federal do Sul de Minas
Gerais, in Machado city, because of its high daily transit of workers, students and local residents in ge-
neral that can be exposed to those plants. For such, it was made expeditions throughout the campus
for the tabulation of species found at the urbanized areas of the Campus. It was identified, registered
and geo-referenced 39 toxic plants belonging to 19 botanical families as well as their popular names
and their toxic principles.

Keywords: Plants toxicology. Intoxications. Active toxic principles. Public health.

Introduction

There are many species of plants that are poisonous and can cause injuries in the human body,
and many of them are found in gardens and urban spaces for landscaping purposes without people
fully knowing the toxic potential and the effect of those plants in the human body (TAMILSELVAN et
al., 2014). Those species provoke intoxication symptoms in human beings (HARAGUCHI, 2003).
These symptoms are derived from toxic substances capable of causing death, heavy injuries and
many other health damages. The substances are produced by the secondary metabolism of the
plants, which act as a defense mechanism against pests and pathogens (SCHWAN-ESTRADA; STAN-
GARLIN; CRUZ, 2003).

Haraguchi (2003) shows that the toxic principle of plants is from one or more substances che-
mically well defined, which can have an equal or different origin. Among many substances identified
as responsible for intoxications in accidents with toxic plants, it is possible to cite the calcium oxalate
crystals (CaOx), formed in plants through the union of oxalic acid and calcium. Many are the configu-
rations CaOx crystals can assume in relation to its morphological structures, and the most common
in plants are: prismatic crystals, druses and raphide (needle-shaped), the last one is responsible for
problems in human health (FRANCESCHI; NAKATA, 2005).

1 Instituto Federal de Educagao, Ciéncia e Tecnologia do Sul de Minas Gerais, discente. marcochiminazzo@gmail.com. Rodovia Machado-
-Paraguacu, Km 3, Bairro Santo Antonio, s/n, Minas Gerais.

2 Instituto Federal de Educacao, Ciéncia e Tecnologia do Sul de Minas Gerais, discente. renonandrade.ra@gmail.com.
3 Instituto Federal de Educacao, Ciéncia e Tecnologia do Sul de Minas Gerais, discente. pazzini.vieira@hotmail.com
4 Instituto Federal de Educacao, Ciéncia e Tecnologia do Sul de Minas Gerais, docente. walnir.ferreira@ifsuldeminas.edu.br
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Doan (2004) shows us that besides CaOx crystals, other substances that outstand as active
principles of plant intoxications are the toxalbumins such as the ricin. This toxin is so potent that the
United States Center for Disease Control (CDC) listed the ricin derived from the castor bean (Ricinus
communis L.) as the second priority of US national security due its terrorist potential (DOAN, 2004).

In relation to terrestrial plants, Brazil is the world most biodiverse country, 15 to 20 % of all
known species of plants are found in the territory (SHEPHERD, 2003). Thus, as pointed by Forzza et
al. (2012), the study of Brazilian flora is recognized as the richest in the world, and those studies are
constant when it comes to toxic plants and their effects and active principles, either from the phyto-
therapeutic point of view — as in a research conducted with the purpose to test the subacute toxicity
of the ethanolic extract from the aroeira-do-sertao leaves (Myracrodruon urundeuva Allem.) (BORELLI
et al., 2016) — or from the agronomic point of view — in a study that aimed to test the degrees of in-
toxication by the leaves of Crotallaria pallida Aiton in ovine (sheep) (OLIVEIRA et al., 2016) — besides
other studies that analyses those specificities.

Studies which aim to investigate the geographic occurrence of such plants are incessant, being
conducted from the North region of Brazil (AGRA; FREITAS; BARBOSA-FILHO, 2007) to its South
region (CORREA; MENDEZ, 1996) in addition to many other locations around the globe, such as Me-
xico (FLORES et al., 2001) or Nigeria (NUHU et al., 2009). Those studies are, normally, correlated
to the medicinal potential that some of the toxic plants show (TAMILSELVAN et al., 2014).

Therefore, this study aimed to investigate the diversity and the occurrence of toxic plants at the
urbanized area in Instituto Federal do Sul de Minas Gerais (IFSULDEMINAS) - Campus Machado, as
well as to point their probable and most important active toxic principles, origin, naturalization degree
and places of occurrence inside the study area.

Material and methods

Study area

The study was conducted at the urbanized area of IFSULDEMINAS Campus Machado, located
in Machado city, Minas Gerais state. The campus urbanized area is around 40 ha and has a high
transit of people which can be exposed to toxic plants. Besides the urbanized area, it was investigated
places near to those areas that are sporadically visited by students and workers, such as the piscicul-
ture sectors and the pastures and plantation areas.

The perimeter and the urbanized area of the campus were determined using Google Earth and
Earth Point software (FIGURE 1).
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Figure 1. Urbanized area where it was made the floristic study of toxic plants located at IFSULDEMINAS -
Campus Machado.

= Study area delimitation  Area: 400 890 m? | 40 ha Perimeter: 3.743m | 3, 74km

Source: Google Earth/Earth Point (2017).

Floristic study and toxic active principles characterization

The floristic study was conducted in May 2015, when it was obtained the location of species
that were likely to contain active toxic principles and were present in the urbanized areas at the cam-
pus. Expeditions throughout the campus took place weekly, species or populations were registered,
collected and georeferenced by UTM coordinates (Universal Transverse Mercator) using Garmin 62s
GPS. Following, the individuals and their geographic coordinates were plotted in the study site map.
The places where the plants were found were segregated in: flower beds, urban arboriculture, vegeta-
ble garden, pasture and plantations. The species were categorized accordingly to their origin in native
and exotics, and in relation to their naturalization degree in cultivated and naturalized, in consonance
with the terminology provided by Moro et al. (2012).

The toxic plant individuals were identified at the premises of the Geraes Herbarium at the
campus by consulting specialized literature and exsiccates collections available online and, after, the
scientific nomenclature and their respective botanical families were verified on the websites: Lista
de Espécies da Flora do Brasil from Jardim Botéanico do Rio de Janeiro, The Plant List from Royal
Botanic Gardens Kew and Missouri Botanical Garden. The collected individuals were incorporated to
the collection of the Geraes Herbarium at IFSULDEMINAS — Machado Campus.

The toxic principles present in each species, their popular names and the structures which
contained toxins were determined according to the information available in the compilation of Bra-
zilian toxic plants found in Matos et al. (2011) and in Hojo-Souza, Carneiro and Santos (2010) for
pteridophytes. The toxic principles were categorized in the following classes of chemical compounds:
alkaloids, calcium oxalate crystals, cyanogenic glycosides, steroids glycosides and terpenes. Lastly,
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the classification system APG IV (THE ANGIOSPERM PHYLOGENY GROUP, 2016) was used in order
to arrange the toxic plants floristic list.

Results and discussion

It was identified and registered 39 species belonging to 19 botanical families (TABLE 1). Near
to 50 % of the found species belong to four botanical families, which are: seven species of Araceae,
six of Euphorbiaceae, four of Leguminosae and four of Solanaceae. For Apocynaceae, Asparagaceae
and Moraceae, two species were registered for each. The other 12 species were registered in twelve
different botanical families.

It was registered 13 toxic principle groups; they were further organized in descending order
of representativity, being: alkaloids, calcium oxalate, cyanogenic glycosides, steroids glycosides,
terpenes, phenols, toxalbumins, oxalic acid, cardiac toxic glycosides, flavonic glycosides, histamines,
pyrocatechols and quinones.

Table 1. Floristic list of the toxic plants registered at the urban areas of IFSULDEMINAS — Machado Campus
containing their popular name, toxic structures and active principles, place where they were found, origin,
naturalization degree and UTM coordinates, at which: O/ND = Origin/Naturalization Degree; N = Native; E =
Exotic; C = Cultivated; Nat = Naturalized; FB = Flower Beds; Pl = Plantations; Pa = Pastures; VG = Vegetable
Gardens; UA = Urban Arborization.

Famil?es/ Popular Name Toxic Toxic Principles Local O/ND utM
Species Structures (23K)
ANACARDIACEAE
Pyrocatechols

(3-pentadecyl-te-

Lithraea col, 3-pentadecyl
brasiliensi: B h techolate,

rastliensis — p\oeira-brava rancnes catechoate FB N 407652/7600334
Marchand and Leaves 3-heptadecyl

catechol and
3-heptadecylde-
nylcatechol)

APOCYNACEAE
Allamanda Cardiac toxic
) Quatro-patacas Hole Plant glycosides and FB N 408164/ 599943
cathartica L. )
toxalbumins
Alkaloid
Latex found a. ° . °
. ) (agoniadine,
Plumeria L. in stem, .
Pluméria plumerine e FB E 408108/7600180
rubra L. leaves and ] .
plumeri-tannic
flowers .
acid)
ARACEAE
Caladium
bicolor (Aiton) Tinhoréo Hole Plant Calcium oxalate Pl N 408046/7600314
Vent.
Colocasia
antiquo- Inhame Hole Plant Calcium oxalate VG E 408394/7600011
rum Schott

(Continua)
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Families/ Pobular N Toxic Toxic Princiol Local O/ND UTM
opular Name oxic Principles oca
Species P Structures P (23K)
Dieffenbachia Comigo Calcium oxalate
seguine . i g Hole Plant ) FB N 407991/7600263
ninguém-pode and saponins
(Jacg.) Schott
Monstera Latex found )
.. - . Calcium oxalate
deliciosa Costela-de-adao  in stem and ) FB E 408363/7600165
. and saponins
Liebm. leaves
Philodendron Banana-de
bipinnatifidum macaco Hole Plant Calcium oxalate FB N 407832/7600326
Schott
Philodendron Leaves, Terpenes
hastatum Azaléia flowers and P . Pa N 408330/7600072
(andromedo-tixin)
K.Koch & Sello nectar
Zantedeschia Calcium oxalate
aethiopica (L.) Copo-de-leite Hole Plant ) FB E 408189/7600199
and saponins
Spreng.
ASPARAGACEAE
Steroids
Agave attenua- ~ Leaves and .
Agave-dragao glycosides Pa E 408146/7600332
ta Salm-Dyck Roots )
(saponins)
Steroids
Sansevieria Espada-de-sao- glycosides
. ] ) ] Hole Plant ] FB E 407898/7599985
trifasciata Prain jorge (saponins) and
organic acids
BIGNONIACEAE
Spathodea
- Flores e )
campanulata P. Tulipeira nectar Alkaloids UA E 407954/7600012
Beauv.
BORAGINACEAE
Alkaloids (indicin,
Heliotropi lasiocarpine,
elotropium Fedegoso Hole Plant ocarp! FB N 408241/7600138
indicum L. heliotrin e
equinatin)
DENNSTAEDTIACEAE
Pteridium
arachnoideum Samambaia-do Leaves and Cyanogenic
subsp. glycosides (type | FB N 407891/7600265
. campo young leaves o
arachnoideum Thiaminase)
(Kaulf.) Maxon
EQUISETACEAE
Flavonic
| id
Equisetum ) Stem and glyeosides,
. Cavalinha ) aglycone Pa N 408389/7600113
giganteum L. strobilus ) L
articulatidine
(gossipetin)
(Continua)
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Families/ Pobular N Toxic Toxic Princiol Local O/ND UTM
opular Name oxic Principles oca
Species P Structures P (23K)
EUPHORBIACEAE
Codiaeum
variegatum (L.) Seeds,
& ' Croton Leaves and  Alkaloids (crotin) UA E 407954/7600293
Rumph. ex A.
Stem
Juss.
Euphorbi Leiteiro-
upnorsia ereiro Hole Plant  Toxalbumins UA N 408209/7599923
cotinifolia L. vermelho
. . Latex found Terpenes
Euphorbia milii ) ) )
Des Mol Coroa-de-cristo  in stem and (diterpenes - FB E 408005/7600027
ul.
leaves milliamines)
Euphorbia
ulcherrima Bico-de Latex found
p ) ] in stem and Toxalbumins FB N 407919/7600024
Willd. ex papagaio
leaves
Klotzsch
Alkaloids and
neolignans (isoa-
. mericanine A,
Joannesia " . .
) Cutieira Seeds americanol A, isoa- UA N 407891/7600065
princeps Vell. )
mericanol A and
(%) 3,3"- bisdeme-
thylpinoresinol)
Ricinus Seeds and
) Mamona Alkaloid (ricin) UA C 408097/7600246
communis L. Leaves
HYDRANGEACEAE
Hydrangea Cyanogenic
macrophylla Horténcia Hole Plant glycosides FB E 408131/7600026
(Thunb.) Ser. (hidrangina)
FABACEAE
Anadenanthera
lubri- Cyanogenic
cormrt . Angico- Leaves and Y ) gen!
na var. cebil glycosides and UA N 407955/7600177
. vermelho Seeds .
(Griseb.) Alts- bufetenin
chul
Alkaloids
pyrrolizidine
. (senecionine,
Crotalaria ) ) )
] Gergelim-bravo Seeds tricodesmin, Pl Nat 408135/7600227
juncea L. . .
juncein,
senecifylline and
riddelliine)
Leucaena Leaves and Alkaloids
leucocephala Leucacena Seeds (mimosine, UA Nat 408275/7599911
(Lam.) de Wit leucenol)
Sparti Alkaloid
partum Giesta Hole Plant 201 Pa E 408149/7600156
Jjunceum L. (cytisine)
MORACEAE
Furanocumarins
Ficus carica L. Figo Leaves (psoralen e VG C 408046/7600254
bergapten)
(Continua)
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Families/ Pobular N Toxic Toxic Princiol Local O/ND UTM
opular Name oxic Principles oca
Species P Structures P (23K)
L d Fi i
Ficus pumila L. Hera-midda eaves an uranocumanns FB E 408055/7600224
latex (bergapten)
OXALIDACEAE
Oxalis sp. Trevo Hole Plant Oxalic acid FB N 407627/7600343

PLUMBAGINACEAE

Plumbago Leaves and Quinones
g Louco (plumbagin - Pa N 407866/7600362
scandens L. Roots -
naphthoquinone)
POACEAE
Steroids
| id
Urochloa g yCOSI, es
. (saponins):
decum- . Aerial o
Capim protodioscin, Pa N 408238/7600285
bens (Stapf) Structures o
dioscin,
R.D.Webster . .
iamogenin and
diosgenin
ROSACEAE
Prunus ) Cyanogenic
L Pessegueiro-do-  Bark, leaves A 407673/7600242
myrtifolia glycosides FB N
mato and seeds .
(L.) Urb. (cyanide)
SOLANACEAE
Brunfelsia Alkaloid
uniflora (Pohl) Manacé Hole Plant brunfelsamedin FB N 408229/7599922
D.Don (hopamidine)
Tropanes alkaloids
Leaves, .
) (hyoscyamine and
Datura ferox L. Zazumba Fruits and ) UA E 408041/7600043
scopolamine)
Seeds
Solanum

Steroidal alkaloids
americanum Erva-moura Fruits ) FB N 407866/7600122
and Assolanine

Mill.
Solanum
lycocarpum A. Lobeira Fruits Indole alkaloids Pa N 408059/7599985
St.-Hil
URTICACEAE
Trichomes Histamine,
Urtica dioica L. Urtica in the leaves acetylcholine, Pa Nat 408053/7600346
and stem serotonin
VERBENACEAE
Hepatotoxic
Lant Fruits and terpenoids
antana Camara i rpenol FB Nat 408037/7600275
camara L. leaves (lantadene A and

B; lanthanide)

Source: Elaborated by the authors (2017), with information presented in Hojo-Souza, Carneiro e Santos (2010)
and Matos et al. (2011).
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Regarding toxic principles diversity, 33 % of the catalogued individuals (13 species) have
some type of alkaloid, while 16 % (6 species) have calcium oxalate with a crystal conformation in
their stems and leaves. The cyanogenic glycosides are present in 10 % (4 species) and the steroids

glycosides and terpenes are found in three species, corresponding to 8 % each.

Through the UTM coordinates presented in Table 1, it was possible to georeference the places

in which the species were located (FIGURE 2) using Google Earth tool.

Figure 2. Insertion spots for the toxic plants catalogued from the UTM coordinates obtained and the popular

names of the species found at IFSULDEMINAS - Machado Campus

@ Aroeira-brava
@ Agave-dragdo
@ Angico-vermelho

@ Azaléia

@ Banana-de-macaco
@ Bico-de-papagaio
@ Camara

Capim Gergelim-bravo
@ Cavalinha @ Giesta
Cumigﬂ-ninguém-pﬂde@ Her-miuda

@ Copo-de-leite @ Horténcia

@ Coroa-de-cristo @ Inhame

@ Costela-de-Adao
@ Créton

(i5) Cutieira
Erva-moura

Fedegoso
Figo

@ Leiteiro-vermelho @ Trevo

Leucacena
@ Lobeira
Louco

@ Urtica
Zazumba

@ Espada-de-sdo-jorge @ Mamona

@ Manaca

@ Pessegueiro-do-mato
@ Pluméria

@ Quatro-patacas

@ Samambaia-do-campo
@ Tinhorao

Tulipeira

Source: Elaborated by the authors (2017).
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Out of the 39 found species, 13 (33 %) are exotic — such as the Zazumba (Datura
ferox), Horténcia (Hydrangea macrophylla) and Hera-miluda (Ficus pumila) — 4 (10 %) are
naturalized — like the Urtica (Urtica dioica), the Camara (Lantana camara) and the Leucacena
(Leucaena leucocephala ) - 2 (5 %) are cultivated — Figo (Ficus carica) and Mamona (Ricinus
communis) — and the others, 20 (51 %), are natives, not necessarily endemics, such as the
Lobeira (Solanum lycocarpum), the Erva-moura (Solanum americanum) and the Manaca
(Brunfelsia uniflora) (FIGURE 3).

Figure 3. Percentage and number of toxic plants species obtained in the study at IFSULDEMINAS - Machado
Campus, grouped in: Exotic, Naturalized, Cultivated and Native.

S%(2)

__¥M%(13)

51%(20)

_11]% (4

m Exctic = Nauralzced = MNawve = Cukivaed

Source: Elaborated by the authors (2017).

Through the study of Figure 4, it can be observed 29 (74 %) of the toxic species are located in
urbanized areas, which lead us to believe their positions were predefined based on their morphological
characteristics for landscaping purposes. Another factor that seems to have influenced the location of
many plants is the location of Comigo-Ninguém-Pode and Espada-de-Sao-Jorge species, both found
indoors, in areas of high transit of people, probably because of the popular belief that they are able
to ward off envy and provide protection, respectively. Moreover, from the 29 species located in urban
area, 156 species (b1 %) are exotic, cultivated or naturalized; hence, there is a high possibility the
species have succeeded in those places because of landscaping choices made by humans.
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Figure 4. Insertion spots for the toxic plant species obtained in the study at IFSULDEMINAS Machado Campus,
grouped in Flower Beds, Plantations, Pasture, Urban Arboriculture and Vegetable Gardens.

5% (2)
I

21% (B) _

_49% (19)

20% (8) _

5% (2)

m Flower Beds = Plantations = Pastures = Urban Arborization = Vegetable Gardens

Source: Elaborated by the authors (2017).

Out of the eight species found in places away from the urbanized area of the Campus, 4 (50
%) are native and their spatial distribution happened probably in a natural way and not through
human selection. However, the fact that those plants are located away from places with a high transit
of students and workers does not imply less risks to the human health since they are capable of
providing indirect intoxications, for example, through the consumption of products from cattle and
caprine that have ingested toxic plants which active principles can be found accumulated in the meat
or milk intended for human consumption (MATOS et al., 2011). The plants Urtica, Agave-dragao
and Capim were found at the campus, in places of cattle pastures; therefore, indirect intoxication can
occur at the campus. However, further studies are necessary to verify this observation.

The compiled data concerning the location and the diversity of the toxic plants at the campus will
be useful to prevent accidents and to the human health, as well as for the diffusion of knowledge about
the diversity of plants, their active toxic principles and their effects. Moreover, cataloguing provides a
better understanding of the environment people are, bringing the toxic plants to their attention.

Conclusions

The study showed at least half of the catalogued toxic species are not native and the majority
of them is located in urbanized places defined by their landscaping characteristics. Further studies
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are necessary to investigate the potential of intoxication the species catalogued here have in their
insertion places for different organisms.

Flora de plantas toxicas do Campus Machado
do IFSULDEMINAS, Machado, MG

Resumo

O Brasil possui alto indice de intoxicacoes provenientes de plantas tdxicas, vegetais estes
caracterizados pelo potencial de sintese de principios ativos com capacidade de causar alteracoes
nos organismos humanos e animais. A pesquisa teve o objetivo de realizar o levantamento de plantas
téxicas no Campus do Instituto Federal do Sul de Minas Gerais, no municipio de Machado, tendo
em vista que o local possui grande trafego diario de servidores, alunos e da populagdo em geral que
podem ser expostos aos vegetais toxicos. Para tanto, foram realizadas excursdes para catalogacao
das espécies encontradas nas areas urbanizadas do Campus.Foram identificadas, registradas e
georreferenciadas 39 plantas téxicas pertencentes a 19 familias botanicas, assim como seus nomes
populares e principios toxicos.

Palavras-chave: Toxicologia de plantas. Intoxicagoes. Principios ativos tdxicos. Saude publica.
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Abstract

The native aromatic flora of Amazon has been the subject of several basic studies. One of
these species is Cyperus articulatus L., known as priprioca, whose essential oil has great potential
for exploitation due to its importance in the local pharmacopoeia. The objective of this work was to
evaluate the production of essential oil and macronutrient contents of priprioca plants in response
to organic fertilization and soil correction. The experimental design was completely randomized, in
a 4 x 2 factorial scheme distributed in four replications. Poultry litter was more efficient than castor
bean cake and cattle manure, promoting the highest yields of essential oil when applied to dosages
with 330 g pot! and 440 g pot! in soil where limestone was applied. Poultry litter and liming, in
interaction, or with the other treatments, were the most efficient in stimulating the absorption of
macronutrients; liming did not influence the uptake of K, Ca, Mg and S when in interaction with castor
bean or cattle manure.

Keywords: Cyperus articulatus. Medicinal plant. Aromatic plant. Mineral nutrition. Soil fertility.

Introduction

Medicinal plants should guarantee greater sustainability for agriculture as they cease to
be exploited only for extractive purposes, especially if a production chain is created, connecting
production, industrialization and commercialization. Like the great majority of crops, these plants
must respond positively to an adequate production program, involving the correct management of
the soil and the species grown in it. A proper nutrient supply, based on chemical analysis of the soil
and plant tissues, associated with other cultural practices, may promote results, such as adequate
productivity, profitability and environmental protection (AMARAL et al., 2010).

Essential oils are used to provide aroma and special odors to several foods and perfumery
products. In addition, its use in analgesic, antiseptic, sedative, expectorant, stimulant, stomatal and
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even antifungal and antibacterial activities is also very important (SILVA, 2011; ALMEIDA et al.,
2011). They are volatile products and, usually, have a complex constitution. In some cases, they
contain more than a hundred components distributed in varying amounts (CASTRO et al., 2010).

The international market for essential oils moves around 1.8 billion dollars annually. However,
Brazilian share in this scenario is still small, corresponding only to 0.1% (BIASI et al., 2009). In the
State of Para, priprioca Cyperus articulatus L. has aroused great scientific and economic interest due
to the pleasant aroma of the essential oil obtained from its rhizomes.

A major challenge involving the use of medicinal and aromatic plants is achieving stable yields,
in a desired quantity and quality, increasing the reliability of herbal medicine since the production
of active principles in Brazilian regions oscillates immensely, thus justifying the importance of the
studies related to the cultivation of those plants.

Not much is known about the mineral nutrition of priprioca, since many of the medicinal
and aromatic species are still considered semi-wild, consequently, they have not undergone
genetic manipulation, making it necessary to better understand the mechanism of absorption and
metabolization of the mineral elements in an efficient way (SILVA, 2005).

The objective of this study was to evaluate the production of essential oil and macronutrient
contents of priprioca (Cyperus articulatus L.) plants in response to organic fertilization and soil
amendment.

Material and methods

The experiment was carried out from January to October 2011, in a greenhouse covered by 150
microns plastic, located at the Federal Rural University of the Amazon in Belém, state of Para. This
study used samples of soil classified as Dystrophic Yellow Latosol (EMBRAPA, 2006), collected in the
0-0.20 m depth layer on a farm located in the municipality of Santo Anténio do Taud, state of Para.

The experimental design was completely randomized in a 4 x 2 factorial scheme, distributed in
four replicates. The factors were four organic fertilizations: castor bean cake, cattle manure, poultry litter
and soil as control treatment; two levels of corrections, with and without the addition of limestone.

The doses of cattle manure (0, 280, 420 and 520 g pot!) and poultry litter (0, 220, 330 and
440 g pot!) were differentiated to maintain the same N content in the doses aplied with castor bean
cake (0, 100, 150 and 200 g pot '), based on the recommendation for black pepper in the region
(CRAVO et al., 2007), which will be compared in O, 1, 2 and 3 doses. Chemical composition of the
organic substrate used in the experiment is presented in Table 1.

Table 1. Chemical characterization of castor bean cake (CBC), cattle manure (CM) and poultry litter (PL), used
as fertilizers in the experiment.

. N oM
Organic sources P,O, K,0 S Ca Total C/N pH
cmol
(%) - mg.dm-3---------- am= g Kg!
CBC 5.18 1.26 1.1 0.37 0.028 74.07 7.94 5.81
CM 1.85 1.16 0.65 0.2 0.026 73.16 21.97 5.16
PL 2.35 1.93 2.45 0.05 0.026 73.65 17.41 5.37

Source: Elaborated by the authors (2015).
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Liming was performed using a mixture of CaCO, and MgCO, (87% PRNT), in the 3:1 ratio, on
the basis of 2.5 t ha!. The soil collected was taken to the laboratory where the chemical analyzes
were carried out (TABLE 2).

Table 2. Chemical characterization of soil samples used in the experiment (0-20 cm depth).

pH + +2 +2 +3 CEC pH
(H,0) oM P K Ca Mg H + Al SB Al 7
gKg! mgdm3 cmol_dm-
4.3 8.9 3.0 0.08 0.9 0.4 2.45 1.41 0.3 3.86

Source: Elaborated by the authors (2015).

Available phosphorus was determined by using Mehlich 1 extractor; pH was determined in
water; exchangeable calcium, magnesium and aluminum were extracted with 1 mol L' KCI solution;
exchangeable potassium was extracted with Mehlichl and quantified by flame photometry; H +
Al were extracted with 0.5 mol L calcium acetate solution buffered to pH 7.0 and determined
by neutralization titrations according to Empresa Brasileira de Pesquisa Agropecuéaria - EMBRAPA
(1997).

The soil was initially incubated for a period of thirty days. Soil-filled pots were initially saturated
with distilled water and drained for approximately two hours until the field capacity was obtained,
then they were incorporated into the organic sources according to the established treatments and,
subsequently, a tuber of priprioca was planted per pot.

Data were collected eight months after planting. The plants were collected and separated in
tubers, roots and later washed for removal of the excess of the substrate contained in them. The roots
were then packed in paper bags and dried in a forced circulation oven at 60°C. The nutrient contents
in the plant tissue were then determined. Total N content was determined according to the micro
Kjeldahl method and the extract obtained by nitro-percloria digestion of the plant material. Phosphorus
was determined by colorimetry, and K, Ca and Mg by atomic absorption spectrophotometry following
the methodology of Embrapa (2005).

Regarding extraction of the essential oil from the rhizomes of the priprioca plants, the steam
distillation hydrodistillation method was used with the aid of Clevenger apparatus adapted to a
volumetric flask with a capacity of 1.000 mL. At each extraction, lasting approximately four hours,
the 50 g rhizome samples were placed in a flask with 500 mL of distilled water. After a few minutes
of rest in the obtained hydrolate (water + oil mixture), the solution was filtered and the amount of
essential oil in the container was measured.

The results were submitted to the analysis of variance by comparing the treatments using F
test (P <0.05), test of Tukey was applied to 5 % of probability, using the statistical software Sisvar
(FERREIRA, 2011).

Results and discussion

The production of priprioca essential oil and the contents of the nutrients were significantly
influenced by the treatments and their interactions, except for P, which did not present any changes
as treatments were applied (TABLE 3).
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Table 3. Summary of the analysis of variance of the applied treatments: Organic fertilization (OF) and Soil
amendments (AMD) for oil production (OP) and nutrient content in priprioca (Cyperus articulatus L.) plant
tissue.

Source of Variation DF oP N P K Ca Mg
OF 2 ** *% ns ** ** **
AMD 1 ** *% ns ** ** **
OF*AMD 2 ** *% ns ** ** **
Residue 75 0.002 0.58 0.26 0.62 0.52 0.53
Ccv 17.94 12.79 10.17 15.55 7.49 13.36

Source: Elaborated by the authors (2015).

The highest yields of essential oil were verified by the application of poultry litter in all applied
doses of organic fertilization. In general, production of priprioca oil increased as the doses of the
organic sources increased, except for castor bean cake, which provided reduction from the third dose
applied (TABLE 4).

Besides being a source of nutrients to the plants, organic fertilization is able to properly supply
the needs of the crop and to contribute to the improvement of the physical, chemical and biological
qualities of the soil. Medicinal and aromatic plants like any other crop depend on the adequate supply
of nutrients for good agricultural productivity. The organic fertilizer improves soil edaphic conditions
and can positively contribute to the production of biomass and active principles depending on the
species, as it was observed in the experiment.

An increase in oil production was observed as the higher doses of cattle manure were applied.

When evaluating the yield of essential oil of Hyptis marrubioides EPL. under organic fertilizer
with cattle manure, Sales et al. (2009) called attention to a linear adjustment, for each kilogram
of implemented organic fertilizer, there was an increase of 0.0034 g plant!. Santos (2009), when
studying the height, leaf yield, content and yield of essential oil of true lemon balm (Melissa officinalis
L.) using cattle manure, found that applying 15 t ha'! per year induced the increase of total biomass
yield by 10.7 % and the total yield of essential oil by 10.3 % in relation to the control treatment. In
the experiment, an increase of 37.5 % was observed when the highest dose (520 g pot!) was applied
in relation to the control (dose 0).

However, Assis et al. (2009) indicated cattle manure negatively influenced the essential oil
content in Lippia sidoides. Contrary to these results, Valadares et al. (2010) verified a significant
increase in the production of essential oil in Lippia citriodora (Lam.) with the addition of liming and
cattle manure. However, in a second material collection, a small reduction was observed.

Brant et al. (2010) verified lower levels of essential oil in citrus [Aloysia triphylla (LHérit)] with
the use of bovine manure as treatment. Nevertheless, in this study, the participation of this manure
in the increase of the production of the priprioca is emphasized.

Similarly to the results for cattle manure, the application of poultry litter promoted an increase
in the production of essential oil of priprioca as the doses were expanded.
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Table 4. Priprioca (Cyperus articulatus L.) oil production at the organic fertilization doses.

ORGANIC SOURCES ORGANIC FERTILIZATION DOSES
0 1 2 3
CBM 0.08 Cab 0.29 Ab 0.15 BCc 0.11BCc
CM 0.03 Cc 0.17 BCc 0.43 Ab 0.46Ab
PL 0.09 Ca 0.46 Ba 0.50 ABa 0.53 ABa

Means followed by the same uppercase letters (horizontal) and lowercase letter (vertical) do not differ from each
other at 5 % level by Tukey test. Castor bean (CBM), cattle manure (CM), poultry litter (PL).

Source: Elaborated by the authors (2015).

Corrections in the soil acidity through liming increased the production of essential oil in
treatments with castor bean and poultry litter. The cattle manure treatment caused a reduction in oil
production (TABLE 5). Under the effect of liming, poultry litter provided a 25.71% increase in the
production of priprioca essential oil that initially was from 0.35 g plant* to 0.44 g plant!. As castor
bean cake was applied, the increase was more significant, providing an increase of 120 % in oil
production, that is, from 0.10 g plant! to 0.22 g plant™. In contrast to other applications of organic
fertilization, cattle manure promoted a reduction of 34.78% in the production of priprioca essential
oil, which was 0.31 g plant!, reducing to 0.23 g plant.

Table 5. Production of priprioca (Cyperus articulatus L.) essential oil as a function of the organic fertilization
and liming.

oM No limestone With limestone

CBM 0.10Bb 0.22 Ab
CM 0.31 Ab 0.23 Bb
PL 0.35Ba 0.44 Aa

Means followed by the same uppercase letters (horizontal) and lowercase letter (vertical) do not differ from each
other at 5 % level by the Tukey test. Castor bean (CBM), cattle manure (CM), Poultry Litter.

Source: Elaborated by the authors (2015).

By means of the averages found in the study, with an adequate significance in the application
of liming, a great tolerance to acid soils cannot be attributed to the crop. Sales et al. (2009), when
studying Hyptis marrubioides EPL, demonstrated there was no interaction of organic fertilizer doses
with the presence or absence of liming. However, Corréa et al. (2010) observed the doses of mineral
and organic (poultry) fertilization had a significant influence on plant growth, yield and chemical
composition of oregano essential oil.

Oliveira Junior (2005) evaluated the effect of the application of limestone and mineral and
organic fertilizer (coat manure) on the concentration and yield of arnica (Lychonophora ericoides)
essential oil and observed that the studied variables were influenced by the interaction between
liming and fertilization. Moreover, the author still points out the treatments of mineral and mixed
fertilization with liming and mineral fertilization without liming were those that presented the lowest
levels of essential oil. In addition, organic treatment without liming presented lower yield of essential
oil, whereas the higher yields were obtained from the mineral and mixed treatments without liming.
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For the plants that received treatment with castor bean cake, liming did not show significant
results.

Cattle manure and poultry litter were influenced by liming, and soil correction provided the
highest N uptake by plants. The contents of phosphorus were not affected by soil correction. The
levels of K were significantly affected by soil correction only in the application of the poultry litter, at
which liming provided higher levels of this element.

The Ca contents, similar to those of K, were higher with the poultry litter after soil correction.
Liming promoted a reduction in the Mg contents after liming, except for fertilization with the poultry
litter. For S contents, liming also showed higher values with the chicken litter (TABLE 6).

By evaluating the effect of N content on the roots, no interaction was observed between the use
of liming and the addition of castor bean cake. However, the use of poultry litter and cattle manure
with the addition of limestone showed the highest levels of N. The practice of soil management with
organic fertilization produces several benefits when used correctly. In this aspect, the contribution of
organic fertilization becomes a fundamental tool, considering the benefits such as nitrogen supply to
the system, increase in the content of organic matter and other elements.

Amaral (2010), when evaluating the concentration of nutrients in the aerial part of Baccharis
trimera, highlights the source of poultry since over 60 % of nitrogen and phosphorus amounts are also
present in the mineral form. Therefore, they do not need to be decomposed by the microorganisms to
become available to the plants.

For most organic fertilizers, N is the most abundant nutrient, presenting itself as a constituent
of organic molecules that, with the process of mineralization, releases these nutrients as minerals
that are absorbed by plants. Smith and Hadley (1989) reported that part of N, present in organic
fertilizers, is resistant to fast mineralization and becomes available only to the subsequent crops,
and the use of compounds do not only supplies plants with a considerable amount of nutrients, but
contributes to maintaining the natural fertility, which involves the biological cycles of the nutrients in
the cultivated soils.

Table 6: Contents of N, P, K, Ca, Mg and S in priprioca (Cyperus articulatus L.) roots as a function of the organic
fertilization and liming.

N P K Ca Mg

(%) mgdm3 e emol, dm? ---cememeeecneacnniacncnneeens
oM WL NL WL NL WL NL WL NL WL NL
CBM 559Ab 598Aa 1.55Aa 1.52Aa 4.43Ba 5.22Ab 3.20Aab 3.06 Aa 1.69Bb 2.08Aa
CM 570 Ab 5.10Bb 1.65Aa 1.63Aa 4.48Ba 7.28Aa 3.03Bb 3A§l§ 1.28 Bc 2.24 Aa
PL 7.52Aa 593Ba 156Aa 154Aa 509Aa 3.99Bc 3;-\55 2.56Bb 199Aa 1.06Bb

Means followed by the same uppercase letters (horizontal) and lowercase letter (vertical) do not differ from each
other at 5 % level by Tukey test. Castor bean (CBM), cattle manure (CM), poultry litter (PL), with liming (WL),
no liming (NL)

Source: Elaborated by the authors (2015).

The contents of phosphorus were not influenced by liming in the different evaluated organic
fertilizations. The application of organic residues reduces the fixation of phosphorus in the soil and



Revista Agrogeoambiental - v. 11, n.1, mar. 2019

increases the efficiency of the use of applied phosphate fertilizers. In addition, the organic residues,
when interacting with the soil, may present similar effects to those of the limestone (calcium and
magnesium carbonates) from the precipitation of iron and aluminum (HUE, 1990). Andrade,
Fernandes and Faquin (2003), working in flooded low lands soils, verified the application of organic
residue, limestone and gypsum reduces phosphorus fixation.

The greatest levels of K found in the dry matter of the priprioca were observed with the absence
of liming, with the application of castor bean cake and cattle manure. In the poultry litter treatment,
the effect of liming was significant, promoting a large increase in the contents of K. This lack of
limestone response in castor bean and cattle manure can be explained, in part, by the short reaction
period, as the application was carried out 30 days before planting. On the other hand, although the
soil presented high acidity, the exchangeable Al content was low; therefore, it did not constitute an
impediment to root development. The significant values verified with the avian bed can be related
to the high concentration of macronutrients in their composition (ZHANG et al., 1998), providing
increase in the total carbon, in the content of organic matter (SINGH et al., 2009) and consequently
increase of soil pH.

No significant effects were observed in the Ca contents, with the application of limestone in
relation to castor bean cake. As limestone was added in the cattle manure treatment, there was a
reduction in Ca contents in the plant tissue of priprioca. The addition of limestone in the poultry
caused an increase in Ca contents, with highly significant effects.

In a work carried out with different organic fertilization, with and without limestone application,
Janegitz et al. (2011) observed the cattle manure presented better results than the castor bean cake.
In the treatments without limestone, the castor bean cake was superior because it presented a fast
decomposition, taking into account its efficiency according to the amount of the fertilizer used in the
study. These results are similar to those of this experiment, evidencing the importance of castor bean
cake as an organic fertilizer, even without liming.

Contents of Mg in the plant tissue of priprioca were reduced by liming, with application of
castor bean and cattle manure. Regarding poultry litter, an increase in the contents of this nutrient
was observed with liming. Excess of calcium in relation to magnesium in the soil solution may
impair the absorption of magnesium as well as the excess magnesium may impair the absorption
of calcium, similar to that occurring for potassium (MALAVOLTA et al., 1997). When evaluating the
lack of macronutrients in basil (Ocimum sp.), Amaral et al. (1999) observed a marked increase in
the concentration of Ca in the roots in the treatment with no Mg, probably due to the antagonism
between these elements.

Conclusion

The greater production of essential oil of the priprioca occurs with the application of the avian
bed in soil with the addition of limestone.

In the priprioca plant tissue the N content is higher with the application of the aviary bed and
with the addition of limestone.

The nutrients P, Ca and Mg presented the highest levels when adding bovine manure without
liming.
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Oleo essencial e teores de nutrientes da priprioca em
resposta a adubacao organica e a calagem

Resumo

A flora aromatica nativa da Amazonia vem sendo alvo de varios estudos basicos. Uma des-
sas espécies é a Cyperus articulatus L., conhecida como priprioca, cujo 6éleo essencial tem grande
potencial de exploracao devido a sua importancia na farmacopeia local. O objetivo do trabalho foi
avaliar a producao de 6leo essencial e os teores de macronutrientes de plantas de priprioca (Cyperus
articulatus L.), em resposta a adubacao organica e a correcao do solo. O delineamento experimental
foi inteiramente casualizado, em esquema fatorial 4 x 2 distribuidos em quatro repeticoes. A cama de
aviario foi mais eficiente que a torta de mamona e o esterco de gado promoveu as maiores producoes
de éleo essencial quando aplicadas as dosagens com 330 g vaso* e 440 g vaso* em solo que rece-
beu calcario. A cama aviaria e a calagem em interacao ou com os outros tratamentos foram as mais
eficientes no estimulo a absorcao dos macronutrientes; a calagem nao influenciou a absorcao de K,
Ca, Mg e S quando em interacao com a torta de mamona ou com o esterco de gado.
Palavras-chave: Cyperus articulatus. Planta medicinal. Planta aromatica. Nutricao mineral.
Fertilidade do solo.
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Abstract

The relationship of management and soil quality may be evaluated by the behavior of soil
physical, chemical and biological properties. In the assessment of soil structure, it is sought attributes
in the view of measuring the porosity and the distribution of pores by size and its implication to
permeability and rigidity of the pores, as well as the stability of the units that composes soil structure.
The aim of this research was to assess the structure of a Dystroferric Red Latosol (Oxisol) under
conventional corn crop, conventional coffee crop, eucalyptus crop and an equilibrium reference
(native vegetation), by the determination of the particle density, bulk density, calculated total porosity,
microporosity, macroporosity, moisture saturation, determined total porosity, blocked pores and
aggregated stability. Soil under native vegetation presented the lowest values of particle density,
probably due to the greatest soil organic matter content in this environment. It was verified a tendency
of increasing blocked pores and decreasing bulk density. As expected, bulk density varied from 0.87
to 1.03 g cm3, showing an inversely proportional distribution related to total porosity. The largest
values of geometric mean diameter presented by the soil under native vegetation are due to the
greater structuration degree of this soil, which contributes to the stabilization of the aggregates in this
environment. The native vegetation environment presented a better soil physical quality in relation to
other land uses.

Keywords: Bulk density. Porosity. Aggregate stability.

Introduction

Soil structure is one of the most important attributes for evaluating soil quality, and it can be
used as an indicator of soil compaction, soil crusting and soil susceptibility to soil erosion, subsidizing
control of productivity loss and environmental degradation (FERREIRA, 2010). This soil attribute is
related to aggregation and suffers alteration due to inadequate land-use and land-cover, and these
alterations may be transient or prolonged for several years (WENDLING et al., 2005).

Better physical quality is represented, in a wide textural range, by lower bulk density, higher
total porosity and macroporosity (BLUM et al., 2014). In this sense, the use of soil physical attributes
to study its quality presents advantages related to low cost, simple and fast methodologies and direct
relationship with other chemical and biological attributes of the soil (SALES et al., 2016).
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Ingaramo (2003) suggests that, for adequate evaluation of soil quality, properties and physical
factors to describe it are: porosity, pore size distribution, bulk density, mechanical strength, hydraulic
conductivity, particles, size distribution and depth at which roots grow. In addition, particle density,
although considered to be quite stable, may reflect physical changes in the soil, especially when they
cause a reduction in the amount of organic matter.

Based on the above, this research aimed to assess, by soil physical attributes, the structure of
a Dystroferric Red Latosol (Oxisol) under four different land uses: maize plantation, coffee plantation,
eucalyptus plantation and native forest.

Material and methods

The study area is located at 21°34'46.04" S and 44°58'40.40” W South of Minas Gerais State,
Brazil, with an average altitude of 920 m. The relief is predominantly undulated, with an average
slope of 16 %. The climate is Cwa, according to Képpen classification system, characterized as
semitropical with dry winters, hot and rainy summers, with an annual rainfall average of 1,450 mm.

Soil samples (undisturbed and disturbed samples) were collected from a Dystroferric Red
Latosol (Oxisol) with four different land uses (the treatments): maize plantation (1.22 ha), coffee
plantation (0.25 ha), eucalyptus plantation (0.32 ha) and a reference area with native forest (5.8 ha).
The area under maize plantation has a history of alternating annual crops (maize and beans), with
maize being planted in the rainy season of the year (October to March) and beans, under irrigation,
in the dry season (April to September). The area under eucalyptus has in its history past cultivation
of annual crops such as maize, beans and potatoes. The area under coffee plantation was implanted
more than 15 years ago.

Sampling depth used was only 0-20 cm, in a completely randomized block, experimental design
with three replicates per soil depth in each profile opened. Particle density (PD) was determined by
the Pycnometer Method (Blake and Hartge, 1986a). Bulk density (BD) was determined according
to Blake and Hartge (1986b). Microporosity (MIC) was determined by a porous plate apparatus
(RICHARDS, 1948) and corresponds to the moisture retained up to a tension of 0.006 MPa (KIEHL,
1979; DANIELSON; SUTHERLAND, 1986). Total porosity (TP) was calculated from the values of BD
and PD, using the equation (EMBRAPA, 2017):

VTP =1 - BD/PD (1)

Macroporosity (MAC) was calculated from the difference between total porosity (TP) and MIC.

Aggregate stability was determined from a sample of 25 g with diameter from 4.76 to 7.93
mm obtained from the previously sieving of soil samples. These aggregates were submitted to slow
moistening and put in a set of sieves with diameters 2; 1; 0.5; 0.25; 0.10 mm and shaken in Yoder
mechanical oscillator (YODER, 1936).

After sieving in water, the aggregates of each sieve were transferred to Becker of 100 mL
and heated at 105-110°C for 24 hours, the weight of aggregate was obtained in each size class,
expressing it as a percentage of the initial sample.

The data were subjected to analysis of variance (ANOVA), and the means compared by the
Scott-Knott test at 5 %, using SISVAR software (FERREIRA, 2014).
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Results and discussion

By analyzing Table 1, it can be seen the native forest condition had lower values of particle
density (PD), and this can probably be attributed to the higher organic matter (OM) of this type of
environment, since the mass is less than the other constituents of the solid phase (FERREIRA, 2010),
considering that both environments are under the same soil (particle size distribution). Thus, it was
inferred that, with the soil management, there was a reduction of OM and the consequent increase
of PD for other uses of the soil.

Table 1. Averages for bulk density (BD), microporosity (MICRO), macroporosity (MACRO), particle density
(PD), calculated total porosity (CTP), determined total porosity (DTP), blocked pores (BP) and geometric mean
diameter (GMD) of a Dystroferric Red Latosol in function of the different uses.

Land-use PD BD MICRO MACRO CTP DTP BP GMD
gcm? cm? cm?® % (cm®*cm3)  (mm)
Maize 2.68a 0.95b 0.37a 0.27a 64.0a 59.0b 0.05a 2.09¢c

Native forest 2.54c 0.87c 0.34a 0.32a 66.0a 59.0b 0.07a 4.75a
Eucalyptus 2.70a 1.03a 0.34a 0.28a 62.0a 59.0b 0.02a 1.82¢
Coffee 2.62b 0.95b 0.3ba 0.28a 63.0a 63.0a 0.00a 3.21b
Ccv 2.4 6.0 3.5 6.7 2.3 2.9 76.9 38.9

Note: Means followed by the same letter, within each land use, did not differ by the Scott-Knott's test (P <
0.05). CV: Coefficient of variation (%).

Source: Elaborated by the authors (2018).

According to Ferreira (2010), PD is a very stable attribute, whose magnitude depends exclusively
on the composition of the solid particles, and in this context, it depends on the relative proportions of
the organic and mineral fractions (mineralogical composition of the soil). As the organic matter has a
specific mass around 1.2 g cm3, greater relative amounts mean lowering the value of PD. Thus, it is
reasonable to assume soil management can modify the value of PD over time if there is a significant
reduction in soil organic matter content by this management.

According to Table 1, it can be observed the native forest environment presented better physical
quality of the soil in relation to other uses, easily observed by the set of physical attributes evaluated.
This fact is due to the greater contribution of organic matter in this environment and absence of
anthropization. This environment presents lower BD values, higher MACRO and a more balanced
relationship between MACRO and MICRO around 0.90. Oliveira et al. (2003) found a higher MACRO/
MICRO ratio for a Dystroferric Red Latosol under Cerrado (1.08) compared to no-tillage (0.59) and
disk plowing (0.66), a result of man’s interference by using machines and equipment that altered soil
properties in these two systems of planting.

The BD of the forest showed a significant difference on the other land uses, presenting a lower
value compared to other due to the influence of litter (OM) (TABLE 1), indicating the homogeneity of
this soil property in its natural condition, without layers of impediment or accumulation of clay.

The results of this study are in agreement with those found by Araujo et al. (2004), who found
a higher BD under cultivated area (1.70 g cm3), compared to the native forest (1.48 g cm?), in a
Dystroferric Red Latosol.
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The higher BD in the cultivated soils is related to soil compaction by traffic of machines and
implements, with the reduction of OM and lower stability of soil structure (BRAGA et al., 2015; PAIS
et al., 2013).

Regarding MACRO and DTP, unlike this study, Araljo et al. (2004) observed lower values of
MACRO and DTP in cultivated Dystroferric Red Latosol compared to the same soil under native forest.
It is verified the lowest value of BD corresponds to the larger volume of MACRO within the native
forest environment, emphasizing the physical quality of this soil when natural. However, for MICRO,
the same authors did not find differences relating to micropores within the two systems studied.

Another aspect that should be considered is the amount of pores blocked in the soil, especially
in environments under forest and maize. These pores are potentially occupied by water but they are
found only with air, even when the soil is saturated.

According to Table 1, it is observed the native forest environment presents higher GMD, followed
by the use of soil with coffee.

Possibly, the higher values of GMD presented by the forest are due to the higher degree of
structure of this soil, conditioned by the greater presence of roots that release exudates and raise
organic matter contents from soil through biochemical cycling (formation, death and decomposition
of roots), contributing to the stabilization of aggregates (BRAGA et al., 2015).

The lower values of GMD were found in the eucalyptus and maize areas, probably due to soil
structure damage, caused by conventional tillage, with soil disturbance and consequent soil structure
degradation and lower organic matter content when compared to native forest.

Martins et al. (2002) also found lower GMD values for soils with eucalyptus (2.72 mm),
pinus plantation (2.44 mm) and rubber tree (2.04 mm), due to soil structure damage caused by
management of these soils, they found soil under cultivation of eucalyptus had low organic matter
contents when compared to native forest (GMD of 4.07 mm). Also, Bochner et al. (2008) found
higher values for GMD (2.9 mm) in the O to 10 cm layer in secondary forest area when compared to
other areas under conventional tillage.

Considering GMD values verified in this study and those found by Braga et al. (2015) in a
Dystroferric Red Latosol under forest (4.88 mm) and by Martins et al. (2002) also in a Dystroferric
Red Latosol under forestry (mean of 2.4 mm), it can be assumed the use of soil changes aggregates
stability considerably. According to Table 1, there is a tendency for an increase in BP with decreasing
BD. Dérner et al. (2010), in a study of soil structure on porosity functionality, found results of BP
tending to decrease with increasing BD.

Figure 1 shows linear correlation analysis among total porosity (TP), bulk density (BD),
macroporosity (MACRO) and microporosity (MICRO) of the area analyzed in this study.
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Figure 1. Relationship between total porosity (TP), bulk density (BD), macroporosity (MACRO) and microporosity

(MICRO) in Dystroferric Red Latosol.
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Linear correlation analysis (FIGURE 1) indicated TP and MACRO correlated positively, whereas
TP and MICRO had a low negative correlation. TP has a strong negative correlation with BD as BD
with MACRO; howerver, for this one, the correlation was not so strong.
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These results corroborate Braga et al. (2013), who emphasize this behavior demonstrates soil
structure is more associated with macropores; therefore, an increase in BD implies a decrease in
MACRO and an increase in MICRO.

As expected, bulk density varied from 0.87 to 1.03 g cm3, showing an inversely proportional
distribution related to total porosity (FIGURE 1). Therefore, modifications caused in the soil by different
management systems may have an impact on bulk density and soil porosity, influencing root growth
and productivity of crops (TAVARES FILHO et al., 2010).

For BD and MICRO, it was also found a negative linear correlation to MACRO, with coefficients
0.5 and 0.8 for BD and MICRO, respectively. Braga et al. (2013) also found a negative linear relation
for these attributes; however, the values were 0.89 for BD and 0.01 for MICRO. These results show
MACRO decreases with increasing BD and MICRO.

This correlation can contribute to the evaluation of soil structure in cropping systems. According
to Cavenage et al. (1999), in compacted layers, the increase in BD resulting from the increase of
solids comparing to volume of pores causes a predominance of micropores. Therefore, the movement
of water and air is hampered, which diminishes the internal drainage of the soil commanded by the
structure.

Total porosity had a positive linear relationship with MACRO, meaning total porosity values
increased with the increase in MACRO. According to Kiehl (1979), total porosity distribution of
soil for agricultural cultivation should be of one-third percentage for macropores and two-thirds for
micropores.

Conclusions

Soil under native forest had the lowest values of BD because native forest environment provides
greater contribution and conservation of organic matter to the soil.

There was a tendency for increasing blocked pores with decreasing BD.

The highest values of GMD presented by soil under forest are due to the higher degree of
structuring of this soil. The lowest values of GMD were found for eucalyptus and maize areas as a
result of disintegration of soil aggregates caused by conventional soil preparation.

Considering all the analyses, it was observed a reduction for physical quality of soil when
submitted to conventional preparations and used in agricultural or forestry species.

Atributos fisicos de um Latossolo Vermelho Distroférrico
sob diferentes sistemas de manejo

Resumo

A relacdo entre o manejo e a qualidade do solo pode ser avaliada pelo comportamento das
propriedades fisicas, quimicas e biologicas do solo. Na avaliacao da estrutura do solo, buscam-se
atributos como a porosidade e a distribuicdo de poros por tamanho no solo e suas implicacdes na
permeabilidade e rigidez dos poros, bem como a estabilidade das unidades que compdem a estrutura
do solo. O objetivo desta pesquisa foi avaliar a estrutura de um Latossolo Vermelho Distroférrico
sob cultivo convencional de milho, café, eucalipto e uma referéncia de equilibrio (vegetacao nativa),
pela determinacao da densidade de particulas, densidade do solo, porosidade total calculada,
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microporosidade, macroporosidade, umidade saturada, porosidade total determinada, poros
blogueados e estabilidade de agregados. O solo sob vegetacao nativa apresentou os menores valores
de densidade de particulas, provavelmente devido ao maior teor de matéria organica do solo nesse
ambiente. Verificou-se uma tendéncia de aumento de poros blogueados e diminuicao da densidade do
solo. Como esperado, a densidade do solo variou de 0,87 a 1,03 g cm3, mostrando uma distribuicéo
inversamente proporcional a porosidade total. Os maiores valores de diametro médio geométrico
apresentado pelo solo sob vegetacao nativa se devem ao maior grau de estruturacdo deste solo, o
que contribui para a estabilizacdo dos agregados nesse ambiente. O ambiente de vegetacao nativa
apresentou melhor qualidade fisica do solo em relagdo a outros usos do solo.

Palavras-chave: Densidade do solo. Porosidade. Estabilidade de agregados.
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Ricardo Lacerda Gomes3

Resumo

As atividades humanas podem promover a contaminacao dos aquiferos, comprometendo a
qualidade das aguas subterraneas. Por isso, é importante mapear os riscos de vulnerabilidade dos
ambientes naturais, um dos métodos mais utilizados para tanto € o GOD (sigla de Groundwater
occurrence; Overall aquifer class; Depth to groundwater). Sendo assim, o presente trabalho tem o
objetivo de analisar a vulnerabilidade a contaminacao dos aquiferos do municipio de Tucano utilizan-
do o método GOD. Para o estudo foram analisados dados geoldgicos e hidrogeologicos de 449 pocos
tubulares obtidos no banco de dados SIAGAS (CPRM). O parametro G foi definido na maioria da area
como aquifero nao confinado, o parametro O recebeu valores entre 0,4 e 0,8 (devido a variacao da
composicao litologica ao longo da area) e o parametro D, correspondente a profundidade do nivel
estatico ficou entre 0,6 e 0,9, indicando um lencol freatico superficial. O método GOD indicou a ocor-
réncia de quatro classes de vulnerabilidade: insignificante (1,28 %), baixa (71,99 %), média (23,79
%) e alta (2,94 %). Verificou-se que o municipio de Tucano, na maior parte do territério, possui uma
vulnerabilidade baixa a média, indicando um baixo risco de contaminacao do aquifero, tendo apenas
na porcao do Rio Itapicuru um indice apontando alta vulnerabilidade.

Palavras-chave: Aquifero. Contaminacao. Geoprocessamento.

Introducao

Cerca de 97 % da agua doce disponivel para o uso humano pode ser encontrada nas camadas
subterraneas (MEIRA et al., 2014), entretanto, a qualidade natural dessas reservas hidricas podem
estar em risco devido a sua exploracao excessiva, a irregular ocupacao do solo e ao descumprimento
da legislacao (RIBEIRO et al., 2011). Isso pode ser resultante de eventuais lancamentos de poluen-
tes ocorridos na superficie do solo que, tendo um meio favoravel de infiltracéo e percolacao, podem
atingir os aquiferos (BATISTA et al., 2016).

Por serem geralmente de boa qualidade, 39% dos municipios brasileiros captam as aguas
subterréneas para abastecimento por meio de pocos tubulares. No Estado da Bahia, 78 cidades sao
abastecidas unicamente por essa fonte hidrica e outras 32 utilizam-na como complemento ao abas-
tecimento (ANA, 2010).

1 Faculdade Dom Luiz de Orleans e Bragancga, engenheiro civil. yuri.dnsantos@gmail.com. BR 110, Km 7, Pombalzinho, Ribeira do
Pombal (BA), CEP: 48.400-000.

2 Universidade Federal do Rio Grande do Sul, Programa de Pés-Graduagao em Sensoriamento Remoto, janisson.eng@gmai.com.
3 Universidade Federal da Bahia, ricardolacerdal 2@hotmail.com.



Vulnerabilidade das aguas subterraneas na regido semiarida da Bahia, municipio de Tucano, pelo método GOD

No municipio de Tucano, localizado no nordeste baiano, hd uma malha de pogos tubulares
registrada no Sistema de Informacoes de Agua Subterranea (SIAGAS, 2016) do Servico Geolodgico do
Brasil (Companhia de Recursos Minerais — CPRM). Esses pogos sao destinados ao uso domeéstico,
industrial ou comercial, a dessedentagao animal, entre outros (VIEIRA et al., 2005). Além disso, as
aguas subterraneas neste municipio por serem aguas termais tém uma importancia turistica primor-
dial para a regiao semiarida e geram renda e desenvolvimento para a localidade. Devido a grande
utilizacao desse tipo de fonte hidrica, € importante a fiscalizagcdo do padrao qualitativo e quantitativo
dessas aguas, uma vez que pogos que nao tém monitoramento podem se tornar vias de contamina-
cao da agua subterranea, afetando a qualidade da agua existente no aquifero (FERON; REGINATO,
2014).

De acordo com Feron e Reginato (2014), existem fatores de ordens distintas que devem ser
nao somente integrados, mas analisados a fim de avaliar a vulnerabilidade dos aquiferos. Esses
fatores podem ser naturais (cobertura de solos, existéncia de camadas confinadas, estrutura e com-
posicao das rochas, entre outros) ou nao naturais, de acordo com Marquezan (2008). Estes, por
sua vez, ocorrem por meio da intervencao humana em pontos de consideravel contaminacao onde
nao ha adequado controle. Assim, atividades agricolas, industriais, urbanas e de mineragao poluem
por emissao e lixiviados, favorecendo o excesso da capacidade de atenuacao natural dos solos das
camadas de cobertura (FOSTER et al., 2006).

O ideal é visar a manutencao da qualidade das aguas subterraneas por meio de analises da vul-
nerabilidade e do risco de contaminacao, para identificar regides que exibem distintos riscos de impu-
rezas (REGINATO; AHLERT, 2013). Um dos métodos mais utilizados nessas anélises é o método de
GOD, sigla definida pelas iniciais que compdem cada fase: Groundwater occurrence, Overall aquifer
class, Depth to groundwater. A metodologia proposta por este método, além de ser muito utilizada,
serve para guiar a ocupacao do solo, evitando areas que possam ter maior potencial de contaminacao
dos aquiiferos, auxiliando, assim, na gestao dos recursos hidricos (SANTOS et al., 2013).

O método GOD de avaliagao da vulnerabilidade do aquifero a contaminagao € de simples apli-
cacao e foi amplamente experimentado na década de 1990 no Caribe e na América Latina (FOSTER
et al., 2006), sendo muito utilizado no Brasil (SOUZA et al., 2004, MONTEIRO; PEIXOTO, 2013,
TERRA et al., 2013, DUARTE et al., 2016, SABADINI et al., 2017).

Logo, ao considerar o potencial risco de contaminacao dos aquiferos em conjunto com a ativi-
dade antropica de exploracao, o presente trabalho foi realizado com o objetivo de analisar a vulnerabi-
lidade das aguas subterraneas do municipio de Tucano, estado da Bahia, a contaminacéo, utilizando
o método GOD.

Material e métodos

Area de estudo e obtencao dos dados

0 estudo foi realizado no municipio de Tucano, Bahia, com area total de 2.817,74 km? e locali-
zado entre as coordenadas UTM (X/Y): 552151,32/8740373,09 e 482422,268/8817963,622, no
nordeste baiano, na porcao central da Bacia Hidrografica do Rio Itapicuru, situado na regiao climatica
semiarida, com chuvas anuais inferiores a 700 mm, cobertura vegetal com predominio de pastagens
entremeadas por areas com vegetacdo de Caatinga (INSTITUTO ESTADUAL DO MEIO AMBIENTE
E RECURSOS HI'DRICOS, 2017) e com os solos do tipo: Latossolo, Planossolo e Vertissolo, sendo
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esses 0s mais caracteristicos no municipio (EMPRESA BRASILEIRA DE PESQUISA AGROPECUARIA,
2006).

Os dados de profundidade (nivel estatico do lencol freatico) e composicao litolégica de cada
poco, de um total de 449, bem como de litologia da area de estudo, foram adquiridos pelo sitio do
Servico Geologico do Brasil (CPRM, 2017), por meio do Sistema de Informacoes de Aguas Subter-
raneas (SIAGAS) e do sistema Dados, que, por sua vez, fornece dados sobre os pocos no Brasil, que
foram utilizados para o presente estudo de uma série temporal de 01/01/1938 a 10/08/2013.

Método GOD

0 método GOD é dividido em trés fases (grau de confinamento da agua subterranea, caracteris-
tica do estrato de cobertura do aquifero e profundidade do nivel freatico) e considera diferentes condi-
cionantes que determinam um maior ou menor potencial de vulnerabilidade do aquifero (FIGURA 1) a
partir das caracteristicas de cada aquifero; para cada caracteristica foi atribuido um “peso” especifico
de acordo com a sua composicao, associada ao verificado no municipio de Tucano.

Os dados de ligotipos e litologia foram utilizados para definir o grau de confinamento e os
estratos de cobertura e foram convertidos em arquivo matricial Raster e atribuidos os valores para
cada caracteristica. Na Fase 3, a partir dos dados vetoriais de nivel estatico da agua subterranea de
cada poco foi realizada a interpolacdo pelo método IDW (/nverse Distance Weighting), agrupando
os valores conforme as cinco classes de profundidade do método e exportando para um novo Raster.

Figura 1. Método GOD para classificar a vulnerabilidade de contaminacao de aquiferos
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Fonte: Foster et al. (2006).
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Todos os dados foram trabalhados no ArcGIS 10.2.2, cada fase do método GOD foi realizada de
forma independente, para, posteriormente, serem cruzadas (multiplicadas) as informacoes de cada
pixel com seu respectivo valor atribuido e gerar o mapa final de vulnerabilidade do aquifero.

Resultados e discussao

Os estratos geologicos dos pocos analisados, que envolvem as caracteristicas litolégicas que
influenciaram a formacao do solo e o grau de consolidagdo da zona vadosa, apresentaram duas uni-
dades definidas: Cobertura Supracrustal e o Embasamento Cristalino (TABELA 1), as quais possuem
correlacao com o ligotipo associado, com a caracteristica do substrato e consequentemente com o

grau de vulnerabilidade.

Tabela 1. Classificacdo das formacoes geoldgicas existentes no municipio de Tucano-BA

Unidade Geolégica

Ligotipos

Caracteristicas

Cobertura Supracrustal

Arenito subarcosio, Carvao,
Folhelho, Siltito

Sedimentar - Intergranular /
Nao Confinado

Cobertura Supracrustal

Argilito Arenoso,
Arenito Conglomerético

Sedimentar - Intergranular /
Nao Confinado

Cobertura Supracrustal

Calcilutito, Arenito,
Arenito Conglomerético, Conglomerado

Essencialmente Intergranular
com influéncia Carstica / -

Cobertura Supracrustal

Conglomerado, Folhelho, Arenito,
Siltito, Silexito

Sedimentar- Intergranular /
Nao Confinado

Cobertura Supracrustal

Depositos de areia,
Depositos de cascalho

Comportamento meio poroso /
Nao Confinado

Cobertura Supracrustal

Depositos de argila,
Depositos de cascalho

Comportamento meio poroso /
Nao Confinado

Embasamento Cristalino Granodiorito e Granito Fissural / —
N Metabasalto, )
Embasamento Cristalino B ) ) Fissural / —
Formacao Ferrifera bandada (Bifs)
Metarenito, Metaconglomerado, )
Cobertura Supracrustal Fissural / —
Metachert
Contato entre 0 Embasamento
Cristalino e a Cobertura Metadacito, Metatufo Fissural / —
Supracrustal
Contato entre 0 Embasamento Migmatito, Kinzigito,
Fissural / —

Cristalino e a Cobertura
Supracrustal

Rocha Calcissilicatica, Quartzito

Cobertura Supracrustal

Siltito, Folhelho Carbonoso,
Calcilutito, Arenito

Sedimentar - Intergranular / -

Cobertura Supracrustal

Siltito, Folhelho, Argilito, Arenito
Nao Confinado

Fonte: Elaborada pelos autores (2017).

Sedimentar - Intergranular /
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Ainda pela Tabela 1 se observa que a cobertura supracrustal, a qual esta associada a sequén-
cia da Formacao Marizal da Regiao de Tucano, é a unidade geoldgica mais caracteristica da area de
recarga da Bacia de Tucano, por ser coberta pelo pacote sedimentar (MESTRINHO et al., 2006) e de-
vido as caracteristicas do ligotipo, que possui um indice de permeabilidade mais alto, embora tenha
uma caracteristica argilosa com pontos locais silto-arenoso, enquanto que no setor do Embasamento
Cristalino o indice de permeabilidade é mais baixo, mesmo sendo fraturado, caracteristica esta da
propria composicao do ligotipo.

O grau de confinamento da agua subterranea tem relacao direta com o ciclo deposicional da
bacia e com a continuidade lateral das camadas sedimentares, isso indica livre dinamica vertical e
horizontal do fluxo de agua nos pontos de recargas mais arenosas que, consequentemente, terdo uma
permeabilidade mais alta. Nota-se que a dgua subterranea na area estudada, em sua maioria, nao é
confinada, assumindo, portanto, os maiores valores na fase de grau de confinamento (FIGURA 2), en-
quanto que as regides de composigoes geologicas de rochas fissuradas obtiveram os menores valores.

Figura 2. Mapas com os valores atribuidos pelo método GOD para cada fase: confinamento, litologia e
profundidade, no municipio de Tucano-BA
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Fonte: Elaborada pelos autores (2017).

Com relacao a litologia, em que sao considerados os valores das tipologias de texturas e/ou
solo e rocha presentes na camada vadosa, localizada acima do nivel freatico de cada pogo, 0 menor
valor (0,4) foi caracterizado pela presenca de deposito de argila. Nos pogos com presenca de sedi-
mentos de arenito, admitiram-se os valores de 0,6 a 0,8, sendo os valores de 0,5 (na porgao central
da area estudada) o mais representativo, influenciado pela camada argilosa do material litolégico. O
valor 0,7 foi observado em toda regiao leste, sendo espacialmente significativo na area, indicando a
variacao da influéncia da ocorréncia dos estratos.

No que se refere aos valores de distancia da superficie até o nivel estatico da dgua subterranea,
os valores mais representativos foram de 0,8 e 0,9, o que retrata o quao superficial é o aquifero na
regiao estudada, uma vez que o menor valor de 0,6 (profundidade superior a 50 m) foi verificado em
alguns pontos ao longo de todo o municipio.
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A partir das anélises das trés fases do método GOD, observou-se que as aguas subterraneas da
area de estudo apresentam expressivamente uma baixa (71,99%) e média (23,79%) vulnerabilidade
(FIGURA 3), com pequenas areas consideradas insignificantes (1,28%) quanto ao risco de contami-
nacao e apenas o trecho referente ao Rio Itapicuru foi apontado como alto (2,94%), obtendo o valor
de 0,504, estando, portanto, no limite da classe de médio para alto e relacionado aos depdsitos de
areia e de cascalhos. Esse resultado de maior risco de contaminagdo associado as planicies fluviais
foram verificados também por Montero e Peixoto (2013), que observaram os valores extremos de
vulnerabilidade ao longo dos Rios Aguapei e Tibirica e aconselharam restricoes rigidas quanto ao
transporte e manuseio de substancias contaminantes e a implantacao de atividades poluidoras pré-
ximas a esses rios.

Figura 3. Mapa da vulnerabilidade do aquifero pelo método GOD no municipio de Tucano-BA
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Fonte: Elaborada pelos autores (2017).

O baixo indice de vulnerabilidade para a regiao de Tucano foi observado também por Mestri-
nho et al. (2006) ao analisarem o método GOD em toda a extensao da Bacia Hidrografica do Rio
Itapicuru, com valores inferiores a 0,5 proporcionado, segundo os autores, pela presenca da bacia
sedimentar de Tucano. Porém, os autores nao detalham o mapeamento nas aguas subterraneas no
municipio tal como realizado no presente estudo.

Apesar de a Fase 3 indicar aguas subterraneas pouco profundas, o que aumenta o risco de sua
contaminagao, as demais fases do método GOD (critérios de confinamento e ocorréncia litolégica)
foram condicionantes para classificar a vulnerabilidade da area. Meira et al. (2014) observaram
situagao semelhante, observando o predominio da classe de vulnerabilidade moderada em 2/3 da
area do aqifero Guarani, onde ha influéncia do tipo de solo (Argissolo) com alta profundidade do
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lencol freatico. A mesma situacao ocorreu com o Aquifero Serra Geral, estudado por Reginato e Ahlert
(2013). Ambos os aquiferos, com nivel freatico proximos da superficie, apresentaram respectivamen-
te uma expressiva vulnerabilidade de baixa a média. Porém, no caso do Guarani, as areas com alto
risco ficaram associadas exatamente aos locais de pouca profundidade do aquifero, conferido em
associagao com os outros componentes do método, enquanto no presente estudo, as altas vulnerabi-
lidades estavam relacionadas a camada arenosa.

Duarte et al. (2016), ao estudarem as aguas subterraneas de Humaita e Amazonas, constata-
ram uma média e alta vulnerabilidade a contaminacao que se deu pelo fato de se tratar de um aqui-
fero livre, com nivel estatico pouco profundo e que teve a influéncia da Fase Litoldgica, a qual tinha
como constituintes os sedimentos arenosos da camada vadosa. Por outro lado, Souza et al. (2015)
nao verificaram alto risco a contaminacao mesmo tendo um aquifero livre, superficial com siltes e
argilas como estratos de cobertura, os quais conferem menor permeabilidade aos contaminantes.

Existe uma significativa baixa vulnerabilidade de contaminacao das aguas subterraneas no mu-
nicipio de Tucano e, de acordo com Oliveira et al. (2007), a agua subterranea varia de boa qualidade
a uma qualidade aceitavel. No entanto, os autores afirmam que ha um padrdao impréprio dessas
aguas em areas préximas ao municipio, devendo-se, portanto, destacar que os fluxos subterraneos
destas aguas provenientes de regides vizinhas podem prejudicar a qualidade das 4guas do aquifero,
com atencao ao fluxo subterraneo que tem sua hidrodinamica preferencial na Bacia do Itapicuru no
sentido NW-SE, subordinado, localmente, a um fluxo N-S, em direcao a calha do rio, com alinha-
mento N-S na parte central do dominio sedimentar (regido do municipio de Tucano) (PURIFICAGCAQ
et al., 2016).

Portanto, mesmo ndo havendo altos riscos de vulnerabilidade ambiental das aguas subterra-
neas no municipio de Tucano, é importante o constante monitoramento da regido de estudo, a fim
de reduzir impactos antrépicos que possam favorecer o contato de poluentes as dguas dos aquiferos.

Conclusoes

O método GOD permitiu mapear a vulnerabilidade das aguas subterraneas no municipio de
Tucano, indicando um baixo risco de contaminacao do aquifero, porém com pontos classificados
de médio a insignificante, tendo apenas um indice indicando alta vulnerabilidade na porcao do Rio
[tapicuru.

A avaliacdo da potencialidade de contaminagao das aguas subterraneas deve ser continua, até
mesmo por outros métodos, a fim de observar diferentes potencialidades dos métodos ou diferencas
entre eles, para garantir a manutencao da qualidade dos aquiferos a partir de uma gestao adequada
dos recursos hidricos.

Vulnerability of groundwater in the semiarid region of
Bahia, municipality of Tucano, by GOD method

Abstract

Human activities can promote contamination of aquifers, compromising the quality of
groundwater. Therefore, it is important to map the risks of vulnerability of natural environments,
and one of the most used methods is the GOD (Groundwater occurrence; Overall aquifer class;
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Depth to groundwater). The present study has the objective of analyzing the vulnerability of aquifers
to contamination in the municipality of Tucano, using GOD method. For the study, geological and
hydrogeological data from 449 tubular wells obtained from the SIAGAS database (CPRM) were
analyzed. G parameter was defined for the majority of the area as an unconfined aquifer, O parameter
received values between 0.4 and 0.8 (due to variation of the lithological composition along the area)
and D parameter, corresponding to the depth of the static level, was between 0.6 and 0.9, indicating
a superficial water table. The GOD method indicated the occurrence of four classes of vulnerability:
insignificant (1.28 %), low (71.99 %), average (23.79 %) and high (2.94 %). It was verified a low to
medium vulnerability in most of Tucano territory, indicating low risk of contamination for the aquifer;
an index pointing out high vulnerability was found only in the portion of Itapicuru River.

Keywords: Aquifer. Contamination. Geoprocessing.
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Resumo

O indice de vegetacao por diferenca normalizada (NDVI) obtido via radiébmetro apresenta im-
portancia para determinar o estado fisioldgico de planta, sendo uma ferramenta promissora para a to-
mada de decisao quanto ao melhor momento para aplicagao de defensivos agricolas, analisar o limiar
de dano econdmico. A utilizacao de drones com maquina fotografica digital embarcada na agricultura
estd em ampla expansao. Por meio das imagens digitais analisadas em programas computacionais e
correlacionadas com o NDVI é possivel determinar a cobertura foliar em plantas. O objetivo deste tra-
balho foi confirmar a utilizacao de imagens digitais a 30 m de altura para determinacao da cobertura
foliar correlacionando-as com os valores de NDVI| obtidos em terra. Para isso, foram retiradas fotos
digitais a 30 m de altura, com o auxilio de drone, em trés estadios de desenvolvimento do milho (N4,
N8 e R1), os quais foram considerados tratamentos; posteriormente, as imagens foram analisados
em software para levantamento da cobertura foliar. Os dados de NDVI foram obtidos nas mesmas
areas a uma altura de 0,5 m do dossel da cultura, foram submetidos ao teste de comparacao de mé-
dias Scott Knott a 5 % de significancia e de correlagao de Pearson. Nao houve diferenca estatistica
entre os métodos, o valor de correlagcao de Pearson apresentou coeficiente de 0,952, o que confirma
uma forte evidéncia a correlacao entre os dois métodos. Assim, pode-se concluir que o uso de drones
com camera digital incorporado tem uso promissor para a determinagao da cobertura foliar em milho.
Palavras-chave: Refletancia. Imagem digital. Milho. NDVI.
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Introducao

Entende-se por sensoriamento remoto um conjunto de técnicas que capturam informacoes
espectrais dos pigmentos das plantas, mensurando a refletancia da cultura, porém, sem ter contato
entre o dispositivo de medicao e o objeto (SILVA JUNIOR et al., 2008). Desta forma pode-se avaliar a
salide e o vigor das plantas, por meio de varias leituras, de forma nao evasiva e sem danos (NILSSON,
1995). Ao observar as mudangas no angulo das folhas ao longo do tempo em uma planta, pode-se
detectar o estresse hidrico; a cor das folhas pode informar limitacoes e desequilibrios nutricionais;
além da possibilidade de relacionar com o ataque de pragas e doengas (BARTON, 2012). Segundo
MALENOVSKY et al. (2009), os dados adquiridos podem ser utilizados para estimar, por exemplo, o
teor de clorofila, teor de agua ou o indice de area foliar.

Varios sensores multiespectrais sao capazes de medir a radiacao eletromagnética refletida ou
emitida a partir de vegetagao (MALENOVSKY et al., 2009). O equipamento utilizado para a obtengdo
do valor de refleténcia é o radidmetro e sua aplicacao na agricultura sé foi possivel por meio do de-
senvolvimento de sensores proximais como o GreenSeeker®, N-Sensor e o Crop Circle (BREDEMEIER,
et al., 2013).

O comportamento das medidas de refletancia em diferentes situacoes de cultivo sao informa-
coes relevantes para serem usadas na elaboracdo de modelos de estimativa de danos baseados em
medidas de refletéancia (HIKISHIMA et al., 2010), para previsao de produtividade (ALl et al., 2014;
CAO et al., 2015) na agricultura de precisao para aplicacao de fertilizantes (CHANG et al., 2014) e
para a deteccao precoce de lesdes na cultura da soja a partir de herbicidas (YAO et al., 2012).

O GreenSeeker® € um instrumento que fornece o indice de vegetacgao por diferenca normalizada
(NDVI) via medidas de refletancia, cuja interpretacao pode fornecer informacoes de forma rapida e
direcionada sobre as condicdes nutricionais, estado fisiologico, estresse e rendimento potencial das
culturas (GROHS et al., 20009; GUTIERREZ-SOTO et al.,, 2011).

Atualmente, cameras digitais sao equipamentos promissores para medicao de area foliar em
campo (ADAMI et al., 2008), uma vez que sao portateis, obtendo imagens com boa resolucao, de
modo rapido e simples (GODQY et al., 2007). ZABOT et al. (2008) afirmam que a utilizagéo de ima-
gens digitais € uma ferramenta de facil aplicacdo, sendo possivel a captacao de varias imagens em
tempo relativamente reduzido, para posterior processamento com o auxilio de programas especificos
de leitura de imagens. Estes programas especificos podem detectar, quantificar e classificar as doen-
cas de plantas a partir de imagens digitais no espectro visivel (BARBEDO, 2013). Outra vantagem ¢é
gue as analises por imagens digitais apresentam baixo custo, podendo chegar a custar menos de um
décimo do valor de um equipamento de medicao de area foliar (GONG et al., 2013).

A manipulacao das imagens digitais, por meio de programas editores de imagem, fornece in-
dices que expressam a cor verde da planta. A utilizacao de técnicas rapidas, como a analise da ima-
gem digital, que permita uma avaliacdo diretamente no campo, pode otimizar a tomada de decisoes
(BACKES et al., 2010).

Vants e Drones apresentam uma ampla variedade de tarefas agricolas reconhecidas
(FREEMAN; FREELAND, 2014), destacando-se o monitoramento de recursos naturais, meio am-
biente, atmosfera, imageamento hiperespectral, observacdes de rios e lagos, bem como o imagea-
mento de praticas agricolas e uso do solo (JORGE et al., 2011).

O processamento de imagens digitais obtidas por meio de Drones e Vants e processadas em
softwares avaliaria de forma dinamica maiores areas de plantio se comparado aos sensores portateis,
como é o caso do GreenSeeker®.
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Desta forma, o objetivo deste trabalho foi correlacionar os dados de imagens digitais obtidas
por drone e processadas em software com os dados de NDVI coletados em terra para a determinacao
da cobertura foliar.

Material e métodos

O experimento foi conduzido na Universidade Estadual de Londrina (UEL), localizada no muni-
cipio de Londrina, Parana, Brasil, a 23°19'40,92" de latitude Sul e 51°12’19,20” de longitude Oeste
e 560 m de altitude, na safra 2013/14.

As imagens digitais, bem como os valores de NDVI foram obtidos em 3 estadios diferentes na
cultura do milho: V4, V8 e R1, os quais foram usados como tratamentos.

O NDVI (Normalized Difference Vegetation Index) é o indice normalizado da vegetacao, definido
como:

NIR — RED

NDVI = R ¥ RED

Em que:
RED ¢ a radiacao na faixa do vermelho (650 nm) incidente sobre a superficie vegetal.
NIR € a radiagéo infravermelha proxima (770 nm) refletida por ela.

As leituras de refletdncia (NDVI) foram realizadas a uma distancia de 0,5 m do dossel da
cultura, nas linhas centrais da area, em intervalos de 5 metros, totalizando 14 leituras, com trés re-
peticoes. O equipamento utilizado para a medicao da refletancia foi o GreenSeeker®, modelo RT100,
da NTech que é constituido por um sensor ajustavel em incrementos de 15°, montado em um brago,
também ajustavel, que permite manté-lo paralelo a superficie vegetacao; alimentacao para prover
energia ao sensor o6ptico e ao computador portatil; computador portatil com programas para a obten-
cao e armazenamento de dados, os quais sao gravados em cartdao SD (FIGURA 1).

Figura 1. Componentes do GreenSeeker®, modelo RT100.
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Fonte: Adaptado de GUTIERREZ-SOTO et al. (2011).
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As fotos digitais foram retiradas com uma maquina fotografica digital, Go Pro® de 8 MP, instala-
da em um drone Phanton 2 Vision Quadcopter® (Figura 2) a 30 metros de altura. As imagens digitais
foram divididas em 14 partes, ou seja, com as mesmas dimensoes das leituras de refletancia, foram
utilizadas as partes centrais da imagem para diminuir o efeito “olho de peixe” da camera e
posterior-mente processadas em software analisador de cobertura foliar (LCAS).

Figura 2. Drone Phantom 2 Vision Quadcoter com a maquina fotogréfica Go Pro®
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Fonte: PHANTOM 2 (2015).

O LCAS foi utilizado para quantificar a cobertura foliar por meio da contabilidade dos pixels
verdes em uma foto digital. O LCAS, responsavel pelas determinacdes de grau de recobrimento por
meio da analise dos componentes RGB das imagens digitais, foi desenvolvido em linguagem de pro-
gramacao Borland C+ + Builder 6.0, compativel com a plataforma Windows 32 bits.

O software estatistico utilizado para a comparacao de média por Scott Knott foi o SASM-Agri
(CANTERI et al., 2001).

Resultados e discussao

As imagens digitais obtidas a 30 m de altura foram analisada via LCAS, a Figura 3 exemplifica
a determinacao da cobertura foliar em cada um dos tratamentos por meio do software.
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Figura 3. Amostra das imagens digitais obtidas a 30 m de altura (1a, 2a e 3a) e analisadas em software para
a obtencéo da cobertura foliar em milho (1b, 2b e 3b).

Fonte: Elaborado pelos autores (2019).

A comparacao de média por Scott Knott a 5% de significancia foi realizada com os dados de
NDVI nos trés estadios do milho estudado, ou seja, N4, N8 e R1 e observou-se diferenca estatistica
entre os trés tratamentos (TABELA 1). O mesmo foi realizado com os dados de cobertura foliar obtida
por meio de analise em software (LCAS) em imagem digital retirada a 30 m de altura com auxilio de
drone e obteve-se diferenca estatistica entre os trés tratamentos (TABELA 1).

Os dois parametros, NDVI e cobertura foliar, apresentaram igualdade em termos de diferenca
estatistica, como pode ser visto na Tabela 1.

Tabela 1. Comparacao de médias, a 5% de significancia, entre os tratamentos N4, N8 e R1 para o NDVI e para
a Cobertura Foliar obtido por meio de maquina fotogréafica digital embarcado em drone e analisado em software
analisador de imagens.

Tratamento NDVI Leaf cover (%)
N4 340,57 a 15,563 a
N8 413,44 b 17,86 b
R1 665,19 ¢ 99,44 c

* Médias seguidas de letras diferentes diferem pelo Teste de Scott-Knott (P < 0,05)

Fonte: Elaborado pelos autores (2019).

Ao realizar a correlacado de Pearson entre os dados de cobertura foliar e do NDVI, obteve-se o
valor de 95,5%, ou seja, os dados apresentam forte correlacao. MICHELS (2014) obteve 96,1% de
correlacao entre o NDVI e cobertura foliar obtidos via anélise de imagens digitais em software em
soja a uma altura de 2 m, ou seja, valores préximos aos encontrado neste trabalho. Estes resultados
demonstram que, mesmo com o aumento significativo da distancia de coleta das imagens, com con-
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sequente aumento da area avaliada e em culturas de arquiteturas distindas, a capacidade de verificar
diferencas na cobertura foliar nao foi afetada. Como os resultados corroboram os valores obtidos por
MICHELS (2014), pode-se averiguar uma transportabilidade da cobertura foliar analisada via LCAS
para culturas de estruturas diferenciadas, no caso da soja e do milho.

Conclusoes

Os valores de cobertura foliar nas diferentes situacoes de campo avaliadas por meio de pro-
cessamento de imagens digitalizadas obtidas a 30 m de altura e analisadas via LCAS apesentaram
forte correlacao por com os valores obtidos com os dados de NDVI. Conclui-se que a utilizacao de
drone é promissora para tomadas de decisao quando relacionada a cobertura foliar.
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Use of drone with digital photographic machine
embedded for determination of leaf cover

Abstract

The normalized difference vegetation index (NDVI) obtained via radiometer is important to de-
termine the physiological state of plant, being a promising tool for decision making as to the best time
for the application of agricultural pesticides, to analyze the threshold of economic damage. The use
of drones with digital camera embedded in agriculture is in broad expansion. Through digital images
analyzed in computer programs and correlated with NDVI it is possible to determine the leaf cover in
plants. The aim of this study was to confirm the use of digital images at 30 m in height to determine
the leaf cover, correlating them with NDVI values obtained on the ground. Therefore, 30 m height
photos were taken with the help of a drone and three stages of maize development (N4, N8 and R1),
which were considered as treatments; afterwards, the images were analyzed in software to survey the
leaf cover. The NDVI data were obtained in the same areas at a height of 0.5 m from the crop cano-
py, and it were submitted to the Scott Knott Test at 5 % significance and Pearson correlation. There
was no statistical difference between methods and the Pearson correlation coefficient value (0,952)
confirms strong evidence for correlation between the two methods. Thus, it can be concluded that the
use of drone with embedded digital camera has promising use for the determination of leaf cover in
maize.

Keywords: Refletance. Digital image. Maize. NDVI.
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Resumo

Devido a dificuldade energética no meio rural e a necessidade de irrigacdo, mesmo em pe-
quenas propriedades, tem aumentado o uso do carneiro hidraulico, o qual por meio do principio do
golpe de ariete bombeia agua sem o uso de energia elétrica. Contudo, seu rendimento em funcao
da altura bombeada nao é tao eficiente. Por meio deste estudo, objetivou-se com a adicao de uma
valvula retentora na entrada do carneiro ter um ganho de eficiéncia. A valvula tem a funcao de formar
uma barreira fisica para a dgua que retorna, ap6s seu golpe, com a valvula de succao. O projeto foi
desenvolvido com delineamento em blocos casualisados, com 4 blocos. Foram instalados 1 carneiro
hidraulico de PVC (convencional) e 1 carneiro hidraulico com retentor que foram avaliados ao mesmo
tempo. A altura de queda foi a mesma, variando 1 metro da altura bombeada a cada 4 dias. Foram
realizadas 4 repeticoes para cada altura analisada e avaliou-se a vazao de saida por meio de hidrome-
tros, pressao de entrada e saida do sistema, vazao de entrada, volume de agua perdida e nimero de
batidas por minuto, sendo possivel medir sua eficiéncia. O carneiro hidraulico com vélvula apresentou
um rendimento inferior na maioria das alturas estudadas, o bombeamento foi superior ao convencio-
nal somente aos 9 metros de altura, o que prejudica a relacao custo-beneficio.

Palavras-chave: Golpe de Ariete. Eficiéncia de bombeamento. Vélvula de retencéo. Choque de Ariete.

Introducao

Com a busca por energias alternativas para substituir a energia elétrica ou combustiveis fosseis,
o carneiro hidraulico, que no passado foi muito utilizado, voltou a ser procurado. Por seu facil manu-
seio, o aparelho nao demanda uma mao de obra especializada para sua utilizagdo, manutencao ou
energia elétrica, seu funcionamento nao emite gases poluentes e o custo de manutencao e operacao
sao relativamente baixos (ABATE, 2000).

O carneiro é um dispositivo que foi usado extensivamente por quase um século em areas rurais
para bombear dgua para alturas superiores a 100 metros. Ea maquina ideal para bombeamento
se certas condigoes forem ideais, pois 0 sistema somente funciona com a forca da agua em queda

1 Instituto Federal de Educacao, Ciéncia e Tecnologia do Sul de Minas Gerais, Campus Inconfidentes, discente do curso superior de Enge-
nharia Agronémica. gustavo.e.ykeda@gmail.com. Rua Rio de Janeiro, 37, Atibaia (SP), CEP: 12942-270.
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direcionada por um tubo. O sistema é automatico e tem um excepcional histérico de auséncia de
problemas (WATT, 1975).

Para funcionar o carneiro hidraulico deve ser instalado em um nivel mais baixo do que a fonte
de agua, no minimo 1,0 m e, de preferéncia, na cota mais baixa possivel (AZEVEDO NETO et al.,
1998). Azevedo Neto et al. (1998) resumem o funcionamento do aparelho indicando que inicialmen-
te a 4gua que chega ao carneiro hidraulico sai por uma valvula externa até o momento em que atinge
uma velocidade elevada, neste instante a valvula se fecha repentinamente, ocasionando uma sobre
pressao no interior do aparelho, chamado golpe de ariete, que possibilita 0 bombeamento da agua.

O “golpe de ariete” € o efeito da interrupcao abrupta de um escoamento continuo do fluxo da
agua em uma tubulacao que resulta em um aumento de pressao; esse efeito pode ser observado ao
fechar bruscamente a saida de agua de uma mangueira, o que causa um movimento independente
da mangueira (TIAGO FILHO, 2002). A sobrepressao pode atingir grandes proporcoes, provocando
ruptura e grandes prejuizos quando nao é controlada, porém o carneiro hidraulico utiliza essa so-
brepressao para recalcar a 4gua de um reservatoério até um ponto com cota superior (CARVALHO;
OLIVEIRA, 2008).

Para o carneiro prototipo teorizou-se que ap6s a interrupgao abrupta da agua ha uma energia
potencial gerada dentro do carneiro hidraulico, essa energia faz com que a agua seja impulsionada
para uma cota superior (CARVALHO; OLIVEIRA, 2008), porém ha uma perda de energia durante
esse processo, pois parte dessa energia é dissipada quando ocorre o encontro da agua que sofreu o
golpe com a 4gua que entra novamente no sistema do carneiro hidraulico. A inclusdo de uma barreira
fisica, como a adicao de um retentor horizontal ao “te” inferior do equipamento, pode minimizar essa
dissipacao de energia.

Neste sentido, o objetivo deste trabalho foi avaliar o efeito da inclusao de uma segunda véalvula
de retencdo em um sistema de bombeamento do tipo “carneiro hidraulico de PVC” (Protétipo) quando
comparado a um sistema “carneiro hidraulico de PVC (Original)” tendo como hipoétese que ocorreria
um aumento do rendimento em altura (altura de bombeamento) e que o material construtivo resistiria
ao aumento de pressao interna melhorando a relacao custo-beneficio.

Material e métodos

0 estudo foi conduzido na Fazenda-Escola do Instituto Federal de Educacao, Ciéncia e Tecno-
logia do Sul de Minas Gerais, Campus Inconfidentes, utilizando como fonte de agua um reservatorio/
tanque ja construido e situado préximo ao viveiro de mudas da instituicao com as coordenadas
geogréficas: Latitude 22°18'42.05"S, Longitude 46°20'1.63"0. Foi realizada uma analise do perfil
topografico do local de estudo a fim de mensurar a altura de trabalho em que foram instalados os
carneiros hidraulicos, chegando a um desnivel maximo de 5 metros.

O delineamento experimental adotado foi o Delineamento em Blocos Casualizados (DBC) em
esquema fatorial 2 x 4, sendo 2 sistemas de bombeamento (S) e 4 alturas de bombeamento (A) tes-
tados em 4 repeticoes (TABELA 2). Os sistemas avaliados foram: “carneiro hidraulico de PVC com
valvula adicional” (Protétipo); “carneiro hidraulico de PVC sem vélvula adicional” (Convencional)”.
A vazao disponivel no local foi de 0,7 L s e o tempo de funcionamento do carneiro foi de 8 horas
diarias.

As variaveis estudadas foram: (1) Pressao na entrada do sistema com o carneiro em funciona-
mento, em mca; (2) Pressao de bombeamento na saida do sistema em funcionamento, em mca; (3)
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Vazao bombeada, em L h'!; (4) Nimero de batidas, em Batidas minuto?; (5) Rendimento econdmico,
em L dia’! real
Para calcular o rendimento econémico utilizou-se da equacao apresentada a seguir:

E— Vazao bombeada
Custo do carneiro

Em que:

Vazdo Bombeada em L dial;

Custo do carneiro em reais (Custo do carneiro de PVC = R$ 110,00;
Custo do carneiro protétipo = R$ 163,00

A montagem do carneiro hidraulico seguiu o modelo apresentado na revista Globo Rural de 14
de maio de 2015 (FIGURA 1)

Figura 1. Detalhe do esquema de acoplamento das pegas para o carneiro hidraulico de PVC (Convencional)

Montagem [T

1 tampa
1canode 40 cm*
(PVC de 3/4)

4 p 1 valvula de pé com
1 bucha de nduc;&o crivo adaptado
para mangueira =
—_ =
1 adaptador para - = ' l.bomba
mangueira 'I adaptada
c l D (veja abaixo
(=8)
1vélvulade . SOm0 adaptar)
retencgdo vertical ’ — ‘ :
2 adaptadores . -
an = - 1 cotovelo

- E) (=)

| ol | | B [DEng 00
2t"(s)

1registro 1canode 10 cm*
para esse cano (PVC de 3/4)

Fonte: Adaptado de GLOBO RURAL (2015).
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No protétipo foi utilizado o mesmo conjunto de pegas da construcao do carneiro hidraulico de
PVC (Convencional), contudo foi necessario adicionar 2 niples de 32" e 1 retentor vertical de %4". As
pecas foram incluidas no ponto de destaque no esquema abaixo (FIGURA 2).

Figura 2. Detalhe do esquema de acoplamento das pegas para o carneiro hidraulico de PVC (Protétipo)

Montagem re————
1 tampa |
1canode 40 cm* |
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i 3 i @ oj» 2@ 0 DY
’ 2 “t(s)
1registro
paraesse cano

Fonte: Adaptado de GLOBO RURAL (2015).

Para realizar as medicoes das pressoes foi necessario construir um adaptador de manémetro.
Foi utilizado 1 conector tipo “T” com 2 entradas de mangueira de diametro 1” e outro “T" de 2" e 1
saida com rosca “fémea” de didametro 1” e outro de %2", 1 adaptador de diametro 1” e outro de 2",
Aproximadamente 5 cm de tubo de PVC de 1” e outro de 2", 1 CAP de 1” e outro de 2" e 1 bico
de camara de ar para realizar a leitura. Para realizar a medida de pressao foi utilizado um calibrador
de pneu tipo caneta (FIGURA 4).

Foi construido um adaptador para manémetro de 1” para medir a pressao na entrada do car-
neiro e um adaptador para manometro de ¥2"" para medir a pressao na saida/recalque do sistema.
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Foi instalado um filtro utilizando uma caixa de madeira onde foram fixadas as mangueiras de
succao. Como elemento filtrante foram utilizados 2 sacos de juta sobrepostos para reter as impurezas
fisicas e efetuar a filtragem da agua.

Para alimentacdo do carneiro (succao), foram utilizados 25 metros de mangueira de polieti-
leno de 1 polegada, sendo alimentacao individual para cada carneiro. Para as mangueiras de saida
(adutora), foram utilizados 20 metros de mangueiras de polietileno de 1/2 polegada, sendo a saida
individual para cada carneiro. Foi instalado na saida dos carneiros um Hidrometro Unimag — mono-
jato Classe B com diametro nominal de ¥2" — %" para cada sistema com o propdsito de mensurar o
volume de dgua bombeado durante o periodo de estudo.

Com o auxilio de uma corda graduada de metro em metro, que foi fixada no suporte de sus-
pensao e em um galho de aproximadamente 12 m de altura, elevaram-se as mangueiras nas alturas
desejadas.

Para avaliagcao dos sistemas foi mantida a altura de succao fixa (5,0 m), variando as alturas de
recalque de metro em metro até o nivel maximo de 11 metros de altura (TABELA 1).

Tabela 1. Alturas de bombeamento avaliadas.

Altura de succao Altura de recalque
8,0m
9,0 m
10,0 m

11,0m

Altura fixa 5,0 m

Fonte: Elaborada pelos autores (2017).

Seguindo as alturas avaliadas apresentadas na Tabela 3, foram feitas as avaliagdes com re-
peticdes conforme a Tabela 2, correspondendo cada repeticao a um dia de avaliacao. O tempo de
funcionamento e avaliagao foi de aproximadamente 8 horas diarias, iniciando as 8 h e finalizando as
16 h de cada dia.

Tabela 2. Distribuicao das repeticdes/blocos durante o experimento.

- Altura
Repeticéo
8,0m 9,0m 10,0 m 11,0 m
1 19/01/2017 23/01/2017 27/01/2017 31/01/2017
2 20/01/2017 24/01/2017 28/01/2017 01/02/2017
3 21/01/2017 25/01/2017 29/01/2017 02/02/2017
4 22/01/2017 26/01/2017 30/01/2017 03/02/2017

Fonte: Elaborada pelos autores (2017).

Para analise dos resultados foi utilizado o software SISVAR (FERREIRA, 2014), sendo a analise
de variancia realizada pelo Teste F; para a comparagao de médias, aplicou-se o Teste de Scott- Knott,

com 5 % de nivel de significancia.
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Resultados e discussao

Na Tabela 3 esta representado o resumo da analise de variancia dos fatores relacionados a
pressao e volume que foram avaliados durante este periodo.

Tabela 3. Resumo da analise de variancia nas variaveis, sendo Pressdo com o carneiro em funcionamento
(PCF) em mca; Pressao de bombeamento na saida do carneiro (PBS) em mca; Vazao bombeada (VB) em L
h'1; nimero de batidas por minuto (B min-t) em Batidas minuto!; rendimento econémico (RE) em (L s1)/R$.

Fontes de Variacao PCF PBS VB B min! RE
Bloco 0,641 2,326 0,469 1,130 0,324rs
Altura (A) 14,829™ 39,509** 22,419** 13,373** 16,897**
Tratamento (T) 4,841* 53,182** 0,005 3,225™ 33,5633**
AxT 1,668 0,0031* 3,330* 2,750" 1,883 s
CV(%) 6,28 4,46 16,97 5,25 18,77
Média Geral 13,957 15,987 95,064 43,135 0,723

*5% de significancia; **1% de significancia; "™ Nao significativo
Fonte: Elaborada pelos autores (2017).

Em relacao a variavel PCF, nota-se na Tabela 3 que houve diferenga significativa tanto para
Altura quanto para Tratamento, com 1 e 5 % de significancia, respectivamente. Observando a Tabela
4, as alturas de 10 e 11 metros apresentaram maior pressao, tal resultado ja era esperado, visto que
para bombear em maior altura é necessaria maior pressao. Observa-se com a Tabela 5 e o gréafico
(FIGURA 3) uma maior pressao de saida no carneiro padrao. A variavel PCF do carneiro protétipo foi
menor, como esperado, visto que a valvula de retencao horizontal reteria parte dessa pressao causan-
do uma perda localizada de carga.

Tabela 4. Dados médios de pressdo na entrada do carneiro em funcionamento (PCF) para as 4 alturas de
bombeamento avaliadas, em mca.

Tratamentos Médias
8,0m 13,17 b
9,0 m 12,78 b
10,0 m 14,51 a
11,0m 15,36 a

Médias seguidas de letras distintas mintsculas na coluna diferem entre si pelo Teste de Scott-Knott (P<0,05).

Fonte: Elaborada pelos autores (2017).

Tabela 5. Dados médios de pressao na entrada do carneiro em funcionamento (PCF) para os 2 carneiros
avaliados, em mca.

Tratamento Média
Prototipo 13,61b
Padrao 14,29 a

Médias seguidas de letras distintas minusculas na coluna diferem entre si pelo Teste de Scott-Knott (P<0,05)
Fonte: Elaborada pelos autores (2017).
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Figura 3. Grafico de pressao na entrada do carneiro em funcionamento (PCF) em funcéo da Altura de
bombeamento para os dois equipamentos.
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Fonte: Elaborada pelos autores (2017).

Para a variavel PBS houve diferenca para Altura e Tratamento com interacao significativa a nivel
de 1 % de significancia (TABELA 3). Analisa-se pela Tabela 6, assim como no grafico (FIGURA 4),
gue o carneiro padrao obteve uma melhor resposta, sendo superior em quase todas as alturas analisa-
das, somente na altura de 8 metros nao se obteve diferenca significativa. Esperava-se que a pressao
de saida do carneiro protétipo fosse superior e que a valvula de retencao horizontal redirecionaria a
pressao do golpe de ariete na entrada do carneiro para a saida, fato que nao se concretizou com a
conducao do experimento.

Tabela 6. Dados médios da interacao entre Altura e Tratamento para a variavel pressao de bombeamento na
saida do carneiro (PBS) em mca.

Tratamento @ ------- Médias------ 9.0 m 10.0 m 11.0m
8,0m 9,0m 10,0m 11,0m
Protétipo 14,422708 Ba 14,422705 Bb 14,774480 Bb 16,650603 Ab
Padrao 14,803793 Ca 15,595285 Ca 17,588670 Ba 19,640678 Aa

Médias seguidas de letras distintas maitsculas na linha e mintsculas na coluna diferem entre si pelo teste de
Scott-Knott (P<0,05).

Fonte: Elaborada pelos autores (2017).
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Figura 4. Grafico de pressao de bombeamento na saida do carneiro (PBS) em funcao da Altura de bombeamento
para os dois equipamentos.
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Fonte: Elaborada pelos autores (2017).

A variavel VB resultou em diferenca significativa para Altura com 1 % de significancia, apresen-
tando interacao significativa com Tratamento (TABELA 3). Observa-se pela Tabela 7 que o carneiro
prototipo obteve uma vazao superior na altura 9 metros. A frequéncia de batida do carneiro esta dire-
tamente relacionada ao desempenho de bombeamento, como sao 2 carneiros diferentes, a frequéncia
de batida de um carneiro pode nédo ser a condicéo ideal do outro, explicando um melhor rendimento
do carneiro protétipo na altura 9,0 metros, em que a frequéncia de batidas de 44 B min'(TABELA
8) pode ser uma condicao mais favoravel, se comparado ao carneiro padrao. O inverso também pode
ser afirmado, podendo o carneiro protétipo ter trabalhado em outras alturas em condigcdes mais des-
favoraveis. Portanto, deve-se realizar um estudo para encontrar as melhores frequéncias de batidas
em cada carneiro e assim fazé-los funcionar em sua maxima eficiéncia, diferentemente deste estudo
em que o objetivo foi manter os 2 carneiros com frequéncia de batidas parecidas.

Tem-se na Tabela 7 o volume bombeado inferior ao observado por Cararo et al. (2007), que
em seu estudo em altura de recalque de 10,0 m observou um bombeamento de recalque minimo de
115,2 L h'' e maximo de 481,2 L h', porém a tubulacdo de succao utilizada em seu experimento
foi de aco galvanizado de 50 mm a 4,37 metros de desnivel, no estudo de Abate e Botrel (2000)
a tubulacdo de aco na altura 4,7 metros obteve um rendimento superior. Neste presente estudo foi
utilizado tubulagao de sucgao de polietileno, portanto ja era esperado um volume bombeado inferior.

Observa-se no grafico (FIGURA 5) uma queda de vazao mais acentuada no carneiro prototipo
conforme ocorreu 0 aumento na altura de bombeamento.
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Tabela 7. Dados médios da interagao entre Altura e Tratamento para a variavel vazao bombeada (VB) em L/h.

------- Médias------
Tratamento
8,0m 9,0m 10,0m 11,0m
Protétipo 125,59Aa 122,39 Aa 75,02 Ba 58,02 Ba
Padrao 127,623 Aa 92,25 Bb 84,13 Ba 75,46 Ba

Médias seguidas de letras distintas mailsculas na linha e minusculas na coluna diferem entre si pelo Teste de
Scott-Knott (P<0,05)

Fonte: Elaborada pelos autores (2017).

Figura 5. Gréafico de vazdo bombeada (VB) em fungédo da Altura de bombeamento para os dois equipamentos.
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Fonte: Elaborada pelos autores (2017).

A variavel B min'! resultou em diferenca significativa para Altura com 1 % de significancia (TA-
BELA 3). No estudo de Cararo et al. (2007), a frequéncia de batidas em geral acima de 60 Batidas
min! pode ter influenciado a maior vazao bombeada, além da tubulagao de aco galvanizado.

Tabela 8. Dados médios de nimero de batidas por minuto para as 4 alturas de bombeamento avaliadas em
Bat min-.

Tratamentos Médias
8,0m 45,87 a
9,0m 44,87 a
10,0 m 39,29 ¢
11,0m 42,50 b

Médias seguidas de letras distintas mindsculas na coluna diferem entre si pelo teste de Scott-Knott (P<0,05)

Fonte: Elaborada pelos autores (2017).
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Por fim, analisando a questao econémica, o rendimento econémico (RE) diferenciou significati-
vamente tanto para altura quanto para tratamento com nivel de 1 % de significancia sem apresentar
interacao entre as fontes de variacao (TABELA 3). Observa-se na Tabela 9 e grafico (FIGURA 6) que
o rendimento econ6mico é superior nos dois carneiros quando aplicada a altura de 8 metros, devido,
principalmente, ao volume bombeado nessa altura ter sido superior quando comparado aos demais.
O carneiro protétipo por ter um custo maior em funcao da valvula adicional e por nao apresentar
maior eficiéncia de bombeamento resultou em uma relagao custo/beneficio desfavoravel quando com-
parado com o carneiro padrao (TABELA 10).

Tabela 9. Dados médios de rendimento econémico (RE) para as 4 alturas de bombeamento avaliadas em (L
dial)/R$.

Treatment Mean
8 0.965354 a
9 0.794751 b
10 0.612591 ¢
11 0.521010¢c

Médias seguidas de letras distintas mindsculas na coluna diferem entre si pelo Teste de Scott-Knott (P<0,05)
Fonte: Elaborada pelos autores (2017).

Tabela 10. Dados médios de rendimento econdmico (RE) para os 2 carneiros avaliados em (L dia™t)/R$.

Tratamento Média
Prototipo 0,584401 b
Padrao 0,862452 a

Médias seguidas de letras distintas mindsculas na coluna diferem entre si pelo Teste de Scott-Knott (P<0,05)

Fonte: Elaborada pelos autores (2017).

Figura 6. Grafico de Rendimento Econdmico (%) em funcdo da Altura de bombeamento para os dois
equipamentos.
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Fonte: Elaborada pelos autores (2017).
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Conclusao

Para as condicOes avaliadas conclui-se que a inclusdo de uma vélvula de retencao no carneiro
protétipo ndo gera aumento de rendimento em altura de bombeamento assim como nao ha o aumen-
to de pressao interna ou variacoes no funcionamento que levassem a ocorréncia de danos mecanicos
ou vazamentos no equipamento.

O aumento de aproximadamente R$ 53,00 para a construgédo do protétipo nédo resultou no au-
mento de rendimento do sistema, prejudicando a relagao custo-beneficio para as condicoes avaliadas.

A regulagem no niimero de batidas por minuto deve ser especifica para cada equipamento para
obtencao do melhor rendimento. Assim, recomenda-se buscar a regulagem adequada para que cada
equipamento trabalhe dentro da sua faixa de maxima eficiéncia.

Pumping yield of a PVC hydraulic ram prototype

Abstract

The use of hydraulic rams has increased due to energy problems in rural environments and
to the need for irrigation of crops, even in small properties. These pumps work on the principle of
water hammer to pump water without the use of external energy; however, they present low efficiency,
considering the pumping yield as a function of the pumping height. Thus, the objective of the present
study was to evaluate the efficiency gain of a hydraulic ram through the addition of pressure retaining
valve at its inlet. The valve has the function of forming a physical barrier to the water that returns after
the blowing with the suction valve. The prototype was tested using a randomized block design, with
4 blocks. A conventional PVC hydraulic ram and a hydraulic ram with a pressure retaining valve were
installed and evaluated at the same time and with the same pumping height, which increased one
meter every four days, with four replications for each height. The water output flow, system inlet and
outlet pressure, inlet flow, pumped water volume, and number of beats per minute were evaluated
to assess the efficiency of the hydraulic ram prototype. The hydraulic ram with the valve presented
lower pumping yields in most evaluated heights; it presented better pumping than the conventional
hydraulic ham only for the height of nine meters, denoting a poor cost/benefit ratio.

Keywords: Water hammer. Pumping efficiency. Retention valve.
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Resumo

Para uma reducao dos custos de inventario florestal, os modelos hipsométricos sao de grande
valia. O presente trabalho teve como objetivo ajustar e avaliar modelos de relacdo hipsométrica em
area de Cerrado em processo regenerativo situada no municipio de Gurupi (TO). Foram testados dez
modelos, incluindo cinco lineares e cinco nao lineares, no qual os ajustes foram realizados por meio
do software R for Windows. Foram utilizados como critério de selecao do ajuste dos modelos os pa-
rametros estatisticos do coeficiente de determinacéo ajustado (R2aj.), o erro padrao residual (s,;) e a
analise grafica dos residuos e, em seguida, a validacao dos melhores modelos ajustados. As melhores
estatisticas de ajuste foram para os modelos nao lineares, com destaque para o modelo de Gompertz
(modelo 7), R2aj: 0,489 e s,s: 17,58%. Os modelos, em geral, superestimaram a altura, atingindo
até 40 % a mais do que a altura das plantas reais. Diante disso, seis modelos foram para a validagao,
sendo dois lineares e quatro nao lineares. O melhor modelo com a predicao foi o Prodan nao linear
(modelo 10), que obteve melhores valores estatisticos e variacao grafica. Conclui-se que os modelos
nao lineares explicaram melhor a variavel dependente altura.

Palavras-chave: Altura de arvores. Selecao. Validacao.

Introducao

Com o panorama atual de reestruturacao produtiva do capital, areas do bioma Cerrado tém
sido o foco em investimentos para implantacao de fronteiras agricolas (INOCENCIO, 2010). Sendo
assim, € de suma importancia que essa exploracao ocorra de maneira sustentavel, haja vista que,
segundo o Instituto Brasileiro de Geografia e Estatistica - IBGE (2004), o bioma Cerrado ocupa uma
extensdo de 23,9 % do territério brasileiro. No estado do Tocantins, esse bioma tem uma cobertura
de 63,2 % (SECRETARIA DO PLANEJAMENTO E MEIO AMBIENTE - SEPLAN, 2012).

Diante disso, em busca de uma exploracao florestal baseada na sustentabilidade, é essencial
ter o conhecimento das caracteristicas da area a ser manejada, o que se consegue por meio de um
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inventario florestal conduzido de forma eficaz, com baixo custo e alta confiabilidade. O inventario flo-
restal aborda a definicdo quantitativa e qualitativa dos individuos em uma determinada area, sendo
que a finalidade do inventario é especificada de acordo com o uso da area, que pode ser de reserva
florestal, conservacao da vida silvestre, reflorestamento comercial, area de lazer e outros (RODRI-
GUES; RODRIGUES, 2012).

Nos inventarios, a medicao do didametro das arvores é feita de forma pratica e rapida, porém a
altura das arvores é uma variavel que necessita de mais tempo para mensuracao, além da necessi-
dade do emprego de instrumentos desenvolvidos para esse fim (hipsometros), sendo alguns de alto
investimento financeiro. Em situagdes adversas, sobretudo em matas nativas, que apresentam alta
densidade e dificil visualizagcao da copa e base da arvore, se torna dificil a medicao das alturas das
arvores (CRECHE, 1996; ANDRADE et al., 2006; SANQUETTA, 2013). Como opc¢ao para resolver
esse problema, tem-se a utilizacao de modelos hipsométricos que permitem estimar a altura correla-
cionando-a com seu diametro a altura do peito (DAP) (SOARES et al., 2006).

Para uma reducao dos custos de um inventario florestal, os modelos hipsométricos permitem
gue apenas algumas arvores tenham a sua altura medida nas parcelas e assim sejam ajustados mo-
delos estatisticos dando mais rapidez nos levantamentos e tornando o inventario mais facil de ser
processado. Para se estimar uma variadvel dependente, neste caso a altura total das arvores, podem
ser utilizados diversos modelos de regressao (SCHNEIDER et al., 2009), que podem ser tanto linea-
res quanto nao lineares. Pontes Neto (2012) descreve que os modelos lineares sao aqueles em que
a sua estrutura se encontra na forma aditiva dos parametros. Modelos nao lineares sao aqueles em
gue os seus parametros sao agregados de forma nao aditiva e podem ser descritos como linearizaveis
e nao linearizaveis (DRAPER; SMITH, 1981).

Neste contexto, ainda se observam utilidade de estudos sobre relagdes hipsométricas em matas
nativas, principalmente em areas de cerrado. Por isso, o objetivo deste estudo foi avaliar o ajuste de
modelos hipsométricos em um povoamento florestal inequianeo, caracterizado como: fragmento de
Cerrado Sensu stricto tocantinense.

Material e métodos

Area de estudo e coleta de dados

A area de estudo se localiza no sul do estado do Tocantins, no municipio de Gurupi, com co-
ordenadas Latitude 11° 43’ 45" S e Longitude 49° 04’ 07" W (FIGURA 1). A classificagao climatica
de acordo com Koppen é Aw (clima tropical com estacdo seca no inverno) com precipitacao pluvial
anual em torno de 1.400 mm. (SEPLAN, 2012).
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Figura 1. Localizacao da area de estudo
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Fonte: Elaboracao dos autores (2016)

O levantamento de campo foi realizado em um fragmento de Cerrado com cerca de 7,0 hec-
tares, constituido de uma vegetacado em processo de regeneracao em estagio avancado. De acordo
com levantamento histérico feito da area, concluiu-se que antigamente o local era de pastagens para
atividade de pecuéria.

Na coleta dos dados de altura total e circunferéncia a altura do peito (CAP), selecionou ao
acaso trés arvores mais proximas a um ponto amostral, medindo trinta arvores para uso no ajuste
dos modelos hipsométricos; outras trinta arvores, com dados independentes, foram utilizadas na
validagcao dos melhores modelos hipsométricos ajustados (FIGURA 2), avaliando-se, desta forma,
a predicao das alturas. O termo predicao é utilizado para designar a altura obtida por meio de um
modelo ajustado em que a arvore em questao nao participou do seu ajuste (BATISTA et al, 2001).

Na medicao das variaveis de diametro e altura, utilizou-se de fita métrica para mensurar o CAP
(posteriormente foi transformado para diametro) e o hipsbmetro Suunto, respectivamente. A opcao
pelo hipsémetro Suunto foi devido a este ser um instrumento bastante utilizado na é&rea florestal
(MAYRINCK et al. 2016; JESUS et al. 2012).
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Figura 2. Distribuicao de pontos em que se mediram trés arvores por ponto alocado aleatoriamente em 7,0 ha
de Cerrado.
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Fonte: Elaboracdo dos autores (2016).

Modelos hipsométricos ajustados e critérios de avaliacao

Para os ajustes das relacoes hipsométricas, utilizaram-se dos modelos estatisticos apresen-
tados na Tabela 1, os quais sdo comumente empregados para expressar a relacao hipsométrica de
arvores no Brasil (VENDRUSCOLO et al., 2015; SENA et al., 2015; CURTO et al., 2013). Esses mo-
delos, cinco lineares e cinco nao lineares, foram ajustados empregando-se o Software R For Windows
considerando apenas o didametro como variavel independente.
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Tabela 1. Modelos hipsométricos ajustados avaliados para um fragmento de Cerrado no sul do estado do
Tocantins

N° MODELOS DENOMINAGAO
LINEARES
1 H=p0+B1D+B2D?+¢ PARABOLIC
2 In(H)=B0+B1in(D)+e STOFFEL
3 In(H)=B0+p1(1)+¢ CURTIS
4 H=B0+p1In(D)+& HENRIKSEN
5 AZEVEDO
NAO LINEARES
6 H=B0(1-Blexp(-B2D))+¢ MONOMOLECULAR
7 H=p0exp GOMPERTZ
H= Bo
8 T (1+Blexp(-B2D)) ¢ LOGISTIC
9 H=B0(1-exp(-B1D"B2))+e WEIBULL
D2
H=
10 (Bo+piDipzD?) PRODAN

H = altura total; Bi = parametros da regressdo; D = diametro a altura do peito; Ln = logaritmo neperiano; Exp
= exponencial; € = erro.

Fonte: Elaboracao dos autores (2016).

Em seguida, apés o ajuste dos dez modelos hipsométricos, procedeu-se a avaliagao prelimi-
nar desses por meio da analise de residuos e das estatisticas obtidas a partir das Equagdes 1, 2 e 3,
quais sejam as seguintes:

riaj =1 (1) ()

n-p
SQres
(2)

Glres

Syp =

sua% = (22) 100 (3)

Em que:

SQres=Soma dos quadrados dos residuos

SQt= Soma dos quadrados totais

R2aj=coeficiente de determinacao ajustado

=erro padrao residual

=Meédia das alturas reais, demais ja foram definidos.

Para definir o melhor modelo hipsométrico, foi adotado um valor ponderado dos escores dos
parametros estatisticos (VP) para classifica-los conforme os resultados das estatisticas de ajuste,
sendo o menor VP o indicador do melhor ajustamento.
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Na predicao dos modelos previamente selecionados com os critérios j& descritos anterior-
mente, adotou-se o0 erro absoluto (EA), média dos desvios do erro de predicao (MDP), raiz quadrada
do erro médio (RQEM%) e coeficiente de determinacao (R?), cujas estatisticas foram obtidas pelas
Equacdes 4, 5, 6 e 7, quais sejam:

EA=Y|H - A| (4)
MDP = <”§H > 100 (5)
RQEM% = < /@) 100 (6)
eo-@) o

altura predita
n= ndmero de arvores
Sqep= soma dos quadrados dos residuos de predicao, demais ja foram definidos.

Resultados e discussoes

A Tabela 2 apresenta os resultados da estimativa dos dez modelos de relacao hipsomeétrica
ajustados na area de estudo deste trabalho. Nota-se que os modelos tiveram comportamento muito
semelhantes entre si, com pouca variagao nas estatisticas R?aj e s, , em que o R2aj variou entre
0,362 (modelo 5) e 0,489 (modelo 7). Para s, a variacao foi entre 17,58 % (modelo 7) e 20,29
% (modelo 3). Esses resultados de R?aj e s, podem ser considerados satisfatorios por se tratar de
mata nativa de Cerrado, que apresentam alta variacao na relacao entre altura e diametro das arvores.

Isso implica baixa correlacao dessas duas variaveis e, principalmente, valores de R2aj nao
elevados, bem como o menor resultado das demais estatisticas quando comparado com o ajuste
de modelos hipsométricos em floresta plantada (HESS et al. 2014). Em trabalhos sobre relagao
hipsométrica para plantios florestais, por exemplo, Azevedo et al. (2011), trabalhando com quatro
espécies (sete-casca, ipé branco, ipé roxo e ipé amarelo) nativas no planalto da conquista na Bahia,
encontraram em grande parte R2aj superiores a 80 %.

Rufino et al. (2010), trabalhando com um povoamento de eucalipto conduzido pelo sistema de
rebrota, obtiveram valores de R2aj variando entre 0,55 e 0,76 %. Por outro lado, Hess et al (2014)
ajustaram modelos de relagao hipsométrica para espécies da Floresta Amazonica e obtiveram RZaj
variando desde 0,17 até o valor de 0,97 e entre 0,08 % e 13,2 %. Geralmente, a complexidade do
ajuste de modelos hipsométricos em mata nativa € bem maior que em plantios, principalmente em
areas de Cerrado (ANDRADE et al. 2015).
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Tabela 2. Estatisticas de ajuste de dez modelos hipsométricos testados em mata nativa de Cerrado

Modelos 0] B1 B2 Sy 7o R2aj wv
1 5,882 0,246 -0,0018 17,88 0,470 10
2 1,5071 0,2617 - 17,76 0,459 8
3 2,347 -1,868 - 20,29 0,295 23
4 3,091 2,339 - 18,46 0,436 17
5 1,039 -2,018 - 19,30 0,362 17
6 -1,5663 0.7566 0,0632 17,90 0,451 20
7 18,5930 0,6845 0,0199 17,58 0,489 5
8 489,851 0,009 0,286 18,09 0,444 25
9 15,8434 0,9781 0,0386 17,87 0,471 15
10 14,6869 1,4350 0,0577 17,86 0,472 10

B O, B 1ep 2: coeficientes de regressao; s, ,: Erro Padrao da Estimativa percentual (%) ;R?aj: Coeficiente de
Determinagéo ajustado; VP: Valor Ponderado dos Escores dos parametros estatisticos.

Fonte: Elaboracdo dos autores (2016).

Quando comparados entre si, os cincos modelos nao lineares sdao muito semelhantes em ter-
mos de qualidade de ajuste. Observa-se que os modelos nao lineares (TABELA 2), em geral, tiveram
melhores resultados, destaque para o modelo 7 com R2aj de 0,489 e s de 17,5 %, resultando em
menor valor de VP (5 pontos). Os modelos nao lineares mostram-se menos sensiveis as particularida-
des apresentadas em areas nativas, pois o padrao da curva altura-diametro é fortemente ligado pelas
caracteristicas biologicas que, nesse caso, foi melhor representado pelo modelo biomatematico de
Gompertz (MODELO 7). Portanto, dos modelos ajustados, preliminarmente, os modelos 1, 2, 6, 7, 9
e 10 apresentaram-se de melhor desempenho sendo previamente selecionados.

Nas Figuras 3 e 4, sao apresentados os graficos da distribuicao dos residuos dos modelos pre-
viamente selecionados. Pode-se observar que as distribuicdes tiveram comportamento semelhante
entre os modelos 1 e 2 (modelos lineares), com valores residuais enquadrando-se entre 30 e -40%
e com a maior parte dos pontos concentrando-se entre 20 e -20%. Para os modelos 6, 7, 9 e 10
(modelos nao lineares), os valores variaram entre 25 e -30%, tendo uma distribuicdo bem uniforme
nesse intervalo, demonstrando-se superiores aos lineares. Em relacdo ao erro metro, observa-se
uma variacao de dois metros, para mais e para menos, para todos os modelos. Sena et al. (2015)
recomendam os modelos Logistico e Gompertz para estabelecimento de uma relagédo hipsométrica,
sobretudo pela melhor distribuigdo de residuos.
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Figura 3. Residuos percentuais em funcao DAP (cm) para seis modelos hipsométricos previamente selecionados

em um fragmento de Cerrado no Tocantins.
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Fonte: Elaboracao dos autores (2016).
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Figura 4. Distribuicdo de residuos em relacéo a altura estimada para seis modelos hipsométricos previamente
selecionados em um fragmento de Cerrado no Tocantins
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Fonte: Elaboracao dos autores (2016).

Na Tabela 3 estao os resultados das estatisticas obtidas na predicao feita com os seis modelos
previamente selecionados. Nota-se que houve pouca variagcao nos critérios estatisticos de predicao,
sendo que os modelos 2 e 10 obtiveram os melhores valores, sendo mais favoravel ao modelo 10.
Entre esses modelos, apesar de uma distribuicdo de residuos variando de 20% a -60%, em geral,
superestimando a altura para ambos modelos (FIGURA 5), nota-se um comportamento melhor para
0 modelo 10 mesmo sendo pouco expressivo.
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Tabela 3. Predicao dos modelos com os melhores resultados de R?, Syx% e grafico de disperséao

Model AE ADP% SRAE% R?
1 32,376 -13,725 18,30 0,472
2 31,455 -12,676 17,69 0,507
6 32,576 -13,798 18,38 0,468
7 32,436 -13,757 18,33 0,471
9 32,376 -13,663 18,30 0,473
10 28,701 -11,553 16,45 0,574

EA: erro absoluto; MDP: média dos desvios do erro em porcentagem; RQEM%: raiz quadrada do erro médio;
R2: coeficiente determinacgao.

Fonte: Elaboracdo dos autores (2016).

Figura 5. Residuos percentuais em funcao DAP (cm) para os modelos hipsométricos 2 e 10 obtidos na predicao
da altura de arvores de um fragmento de Cerrado tocantinense.

o | o |
™ ] ™
o o
o @ ©
o
o ) °
@ o @ o
o 0o 3 Og o
o o ) o T
o o
o 3
o o %o
< 3
o
o o g %
* ° * %
o o © 8 o o
o o~ o 2
- o < - o
4] @ ]
o 4 o
~ =
o
o 4 o
© © -
T T T T T T T T T T
0 5 10 1% 2 0 5 10 1 2
DAP DAP

Fonte: Elaboragédo dos autores (2016).

Batista et al. (2001), avaliando a estabilidade de modelos hipsométricos, encontraram em uma
area de mata nativa, floresta tropical, modelos lineares e nao lineares estimando a altura preditiva
com R2 variando de 0,28 e 0,36 e RQEM de 9,8% a 80,9%, com superioridade dos modelos nao
lineares, mostrando que a fundamentacao biolégica da forma funcional dos modelos é essencial para
que possam apresentar estimativas adequadas de altura. Resultado coerente com o deste trabalho.

Contudo, mesmo que os modelos lineares sejam mais simples, recomendam-se 0s modelos nao
lineares, pela sua capacidade de melhor explicar a relacao altura e diametro das arvores, além da
possibilidade de interpretacao bioldgica dos seus parametros.
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Conclusao

Os valores estatisticos de ajuste dos modelos variaram entre si, R?aj: 0,362 a 0,489 e s, :
17,58% a 20,29%. Na anélise residual, observou-se uma tendéncia dos modelos de superesti-mar
a altura, chegando até 40 %.

De forma geral, os modelos nao lineares explicaram melhor a variavel dependente altura quan-
do comparados com os modelos lineares, sendo os mais recomendados para estimativa de alturas
em areas florestais de Cerrado.

Com a realizagéo da predicao, o melhor modelo hipsométrico foi o Prodan (nao linear), que
obteve melhores valores estatisticos e variacao grafica.

Hypsometric models adjusted for a fragment of
Sensu stricto Cerrado in Tocantins, Brazil

Abstract

Hypsometric models are of great value in order to reduce forest inventory costs. The present
work aimed to adjust and evaluate models of hypsometric relation at a Cerrado area in regenerative
process, located in the municipality of Gurupi (TO). Ten models, including five linear and five non-li-
near, were tested. The adjustments were made through R software, for Windows. As criterion for the
adjustment of models, the following statistical parameters were used: adjusted coefficient of deter-
mination (R2aj.), the residual standard error (s,,,) and the graphical analysis of the residuals; then,
the validation of the best adjusted models took place. The best adjustment statistics were for the
non-linear models, with emphasis on Gompertz model (MODEL 7), R?aj: 0,489 and s ; 17.58%.
The models, in general, overestimated the height, reaching up to 40 % more than the real one. As
a result, six models were referred for validation: two linear and four non-linear. The best model with
prediction was the non-linear Prodan (model 10), which presented better statistical values and gra-
phical variation. It is concluded non-linear models explained more satisfactorily the height-dependent
variable.

Keywords: Tree height. Selection. Validation.
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Resumo

Sabe-se que uma das caracteristicas das matas semideciduas é a evidente dupla estacionalidade
proporcionada por um clima com estagoes bem definidas: uma de chuvas intensas de verao, seguida
por outra com um periodo de estiagem. Este tipo de clima define as estratégias de floracao e de re-
producao dos individuos. Assim sendo, este trabalho foi realizado com o objetivo de levantar dados
comportamentais de dez individuos, de seis espécies diferentes (Euterpe edulis Mart., Vernonanthura
divaricate (Spreng.) H.Rob., Manihot pilosa Pohl, Anadenanthera peregrine Speg., Piptadenia gono-
acantha J.F.Macbr. and Miconia chartacea Triana) e um individuo de Platycyamus regnellii Benth,
observando seus comportamentos ao longo de um periodo que abrangeu as duas estacoes, e de testar
a sazonalidade de fenofases reprodutivas dos individuos em questao. Para isso, fizeram-se observa-
coes mensais das fenofases vividas por cada individuo relacionando-as com varidveis climaticas. Os
dados foram tratados por meio de andlises de estatistica circular para verificar a sazonalidade repro-
dutiva e teste de correlacao a fim de determinar o indice climéatico de maior evidéncia. Os resultados
apresentaram uma relacao entre precipitacao/temperatura e a fase reprodutiva das espécies. A nao
sazonalidade na producao de didsporos atestada pode ser reflexo da anormalidade climética vivida no
periodo, de forma que a estacdo seca do ano é a época mais recomendavel para coleta das espécies
investigadas.

Palavras-chave: Mata Atlantica. Biologia reprodutiva. Fenofases. Sementes florestais. Estatistica cir-
cular.

Introducao

A atividade pecuaria e a cafeicultura estimularam o desmatamento em Minas Gerais, causando
diminuicao de cobertura da vegetacao nativa (DEAN, 1996). No municipio de Machado (MG), o café
tem destaque nos ciclos e processos econdmicos, devido a aptidao agricola citada por Moura et al.
(2007).

Diversos sao os métodos que se baseiam em diferentes estratégias de aquisicao de individuos
para recomposicao de areas degradadas. A restauracao ecoldégica de um ambiente é pensada com
reducéo dos custos de recuperacdo (GANDOLFI; MARTINS; RODRIGUES, 2006). A regeneracao na-
tural da vegetacao é o procedimento mais econdmico para recuperar areas degradadas, consistindo
em diminuir a pressao degenerativa sobre o ambiente, favorecendo a sucessao ecoldgica. Segundo

1 Engenheiro agronomo, mestre em botanica. danilo.ocl@hotmail.com
2 Instituto Federal de Educacao, Ciéncia e Tecnologia do Sul de Minas Gerais (IFSULDEMINAS), docente.walnir.ferreira@ifsuldeminas.edu.br.
3 IFSULDEMINAS, discente. wander_juninho_srs@hotmail.com.
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Botelho e Davide (2002), a conducao da regeneragdo natural, por exigir menos mao de obra e insu-
mos, pode reduzir significativamente o custo de implantacao de uma floresta.

Uma das estratégias de recomposicao € o aproveitamento de didsporos de matas circunvizinhas
a area em recuperagao cujos custos de aquisicao sao minimos, além de permitir a aceleracao no
processo de revegetacao (WUNDERLEE, 1997).

As florestas tropicais exibem uma ampla variedade de padroes fenoldgicos (MORELLATO et al.,
2000), portanto, saber a época adequada de coleta de diasporos significa otimizar a mao de obra
que, por sua vez, pode representar diminuicao nos gastos com a recomposicao de areas degradadas.
Esses estudos sao de suma importancia para compreensao da dindmica dos ecossistemas florestais,
além de ser uma 6tima ferramenta para o entendimento dos fatores que influenciam a reproducao
e a sobrevivéncia das espécies vegetais (MORELLATO et al., 2010), contribuindo também para o
conhecimento da distribuicao temporal de recursos dentro das comunidades (TALORA; MORELLATO,
2000; PINTO et al., 2005).

Os ciclos fenoldgicos de plantas tropicais sao complexos, apresentando padrdes irregulares
(BENCKE; MORELLATO, 2002), principalmente em ambientes tropicais, em que a sazonalidade
na precipitacao é pronunciada (RIVERA; BORCHERT, 2001). Marques, Roper e Salvalaggio (2004)
ressaltam que, além da sazonalidade climatica, as plantas estao sujeitas as variacdes ambientais
locais, que também implicam padrdes fenolégicos. Com isso, a busca por padroes gerais apresenta
obstaculos pela grande variedade de espécies com comportamentos biologicos e histoérias evolutivas
diferentes (WILLIAMS-LINERA; MEAVE, 2002).

Além de fornecer bases para época de coleta de material propagativo ao se falar em recomposi-
cao de areas degradadas (TALORA; MORELLATO 2000; PINTO et al., 2005), estudos sobre fenologia
reprodutiva de espécies arboreas em areas florestais sdo necessarios para fornecer parametros com
vistas a conservacao e exploracao racional.

Diante da irregularidade dos padrdes fenolégicos, o presente estudo foi desenvolvido com o
objetivo de analisar a sazonalidade na producao de flores e frutos, na queda e no brotamento de fo-
Ihas, relacionando-os com indices pluviométricos mensais durante o periodo de estudos, permitindo
a determinacao da época de coleta de propagulos (frutos e sementes) para as espécies estudadas,
fornecendo base para elaboracao de planos de recuperacao de areas degradadas.

Material e métodos

Os estudos foram conduzidos em remanescente florestal situado no Campus Machado do Insti-
tuto Federal do Sul de Minas Gerais (FIGURA 2). O fragmento possui atualmente uma area de cerca
de 7,0 ha e esta, segundo servidores do campus, ha mais de 50 anos em processo de recuperacao
natural.

A regiao integra o dominio da Floresta Estacional Semidecidua dentro do Bioma Mata Atlantica
(INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA -IBGE, 2004). Apresenta relevo variando
de fortemente ondulado a montanhoso, altitude entre 835 m e 1.310 m. A geologia se apresenta de
forma homogénea, estando inserida no Complexo Varginha, constituido, principalmente, por gnais-
ses. Sao encontradas trés classes de solos: o Latossolo Vermelho distréfico, o Argissolo Vermelho-
-Amarelo distrofico e o Argissolo Vermelho eutréfico, segundo classificacao do projeto RADAMBRASIL
(URURAHY et al., 1983). A temperatura média anual é de 21,2 °C; a média mensal méaxima de 27
°C; a média mensal minima de 14,2 °C e o indice pluviométrico médio anual é de 1.824 mm, com
invernos secos e frios e verdes quentes e chuvosos (FIGURA 1) (MOURA et al., 2007).
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Figura 1. Climograma do municipio de Machado. Os valores representam médias mensais da normal
climatolégica.
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Fonte: Adaptado de CLIMATEMPO (2017).

O remanescente florestal em discussao é fonte de trabalhos em diversas frentes ecoldgicas.
Alguns destes trabalhos, como o de Rezende (2015) e Marinho (2015), com enfoque fitossocioldgico
e floristico, serviram como base para a escolha das espécies e nimero de espécimes usados para tes-
tar a sazonalidade na producao de propagulos, sendo o valor de importancia da espécie, juntamente
com um nimero minimo comum de 10 individuos de cada espécie, parametros que definiram nossa
escolha.

Em posse desse conhecimento, selecionamos sete espécies pioneiras como fonte de dados (TA-
BELA 1). Para seis dessas espécies foram acompanhados 10 individuos adultos e somente um indivi-
duo de Platycyamus regnellii Benth. (Pau-pereira), totalizando 61 individuos. A excecao apresentada
é devido a auséncia de outros individuos adultos na &rea de estudo e a apreciacao e importancia local
dada a espécie.

As familias botanicas foram reconhecidas segundo o sistema Angiosperm Phylogeny Group IV
(APG, 2016). A sindrome de dispersao das espécies estudadas foi classificada segundo estudo rea-
lizado por Sa et al. (2012).
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Figura 2. Diferentes perspectivas do afloramento onde foi realizado o estudo. (A) Imagem panoramica do
Campus Machado, em destaque a mata onde foi desenvolvido o trabalho. (B) Vista do fragmento as margens
da trilha de acesso. (C) Foto no interior da mata.

Fonte: Elaborado pelos autores (2017).

Tabela 1. Circunferéncia média (CAP), altura média (Alt.) e sindrome de dispersédo (SD) das espécies selecionadas
para o presente estudo, em fragmento de Floresta Estacional Semidecidua, em Machado, Minas Gerais.

FAMILIA / Espécie Nome popular CAP (cm) Alt. (m)
ARECACEAE
Euterpe edulis Mart. palmito-jussara 50,5 7,0
ASTERACEAE

pau-fumo 98,1 10,0

Vernonanthura divaricata (Spreng.) H. Rob.
EUPHORBIACEAE
Manihot pilosa Pohl mandioca-brava 20,6 4,0
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FAMILIA / Espécie Nome popular CAP (cm) Alt. (m)

LEGUMINOSAE

Anadenanthera peregrina (L.) Speg. angico-vermelho 95,1 10,9
Piptadenia gonoacantha (Mart.) J.F.Macbr. pau-jacaré 96,6 9,6
Platycyamus regnellii Benth. pau-pereira 223,0 15,0
MELASTOMATACEAE
Miconia chartacea Triana guaresmao 74,6 8,7

Fonte: Elaborado pelos autores (2017).

As observacoes fenoldgicas foram realizadas mensalmente com o auxilio de binéculo, entre
setembro de 2013 e agosto de 2015. Foram registradas a presenca ou auséncia das fenofases; de
acordo com Campos (2007): i) floragao (botdes florais e/ou flores em antese), ii) frutificagdo (frutos
imaturos e/ou maduros), iii) queda foliar (individuos que se apresentaram com copa reduzida ou
totalmente desfolhada) e iv) brotamento (individuos que se apresentaram parcial ou totalmente com
folhas novas, menores, tenras e com coloracao mais clara ou avermelhada). Dada a transicao entre
floracao e frutificacao ser gradual, a frutificacao somente foi considerada quando os frutos se torna-
ram visiveis.

As frequéncias mensais de floracao e frutificacdo foram calculadas a partir do niimero de
espécies com flores ou frutos em cada més. Para tanto, o nimero de espécies com flores ou frutos
em cada més foi dividido pela somatéria dos nimeros de espécies com flores ou frutos em todos os
meses. Posteriormente, os dados foram submetidos a analise estatistica circular conforme aplicado
por Talora e Morellato (2000) e a sazonalidade na distribuicao das frequéncias foi testada conforme
descrito por Morellato et al. (2000).

Os indices climaticos foram obtidos a partir do banco de dados on-line do Instituto Nacional de
Meteorologia (INMET), considerando as médias mensais do periodo de observacoes recolhidas pela
estacao meteorologica do municipio de Machado. As variaveis destacadas foram: Insolagao Total,
Precipitacao Total, Temperatura Compensada Média.

Para verificar a existéncia de correlacdes entre as frequéncias de espécies em floracao e frutifi-
cagao e as variaveis climaticas (Insolacao Total, Precipitacao Total, Temperatura Compensada Média)
foi utilizado o teste de correlacéo de Spearman (ZAR, 1999), software R versao 3.2.2.

Resultados e discussao

A Figura 3 representa o comportamento fenolégico de todas as espécies estudadas. Na primei-
ra época de chuvas acompanhada (fim de 2013 e inicio de 2014), o comportamento vegetativo foi
predominante entre as espécies.

As fenofases reprodutivas e de brotamento e queda foliar tiveram intensidade minima de setem-
bro/13 até marco/14, quando se tem individuos florescendo e com queda de folhas.

A partir do més de maio, observa-se que o nimero de espécies em cada fenofase se alternou,
atingindo o pico de frutificagao em julho/14 e agosto/14 e de floragdo nos meses de abril/14 e feve-
reiro e marco/15.
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O padrao de queda de folhas se desenhou acompanhando o indice pluviométrico do periodo de
estudo, e a curva de brotamento foliar acompanhou com ligeiro atraso a queda foliar.

Figura 3. Comportamento fenoldgico por nimero de espécies observadas no fragmento de Floresta Estacional
Semidecidua em Machado, Minas Gerais, e respectivas fenofases estudadas. Climograma do municipio de
Machado, com precipitagcéo ordenada segundo periodo de realizacao do estudo.
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Fonte: Elaborado pelos autores (2017).

A opcao por tratar os dados de forma qualitativa, segundo Bencke e Morellato (2002), ou seja,
evidenciando os picos de atividade de cada fenofase, deu-se por evidenciar possiveis relacoes entre
fatores abioéticos que determinam ou restringem o periodo de ocorréncia de cada fenofase.

A partir da representacao na Figura 3 é possivel verificar tal relagdo com um fator abiético. O
teste de correlacao de Spearman entre as variaveis elencadas e a frequéncia de floragao ou frutifica-
cao apresentou resultados que garantem a influéncia de tais fatores abioticos nas fenofases reprodu-
tivas, com excecao a Insolacao Total que nao apresentou valor significativo que a apontasse como
um fator determinante na manifestacao de floragao ou frutificacao. Os valores de significancia obtidos
estao representados na Tabela 2.
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Tabela 2. Sintese dos valores obtidos por meio da analise de correlacao de Spearman.

Insolagao total Precipitacao Total Temperatura Média
rho
Frequéncia de Floracao e/ou Frutificacao -0,2717 -0,5169 -0,7237
Valor de “p” Nao significativo p < 0,001 p < 0,001

Fonte: Elaborado pelos autores (2017).

Apesar da aparente sazonalidade na Figura 3 e da comprovacgao da influéncia dos fatores abi-
Gticos sobre a manifestacao das fenofases das espécies observadas, o resultado obtido pela analise
estatistica circular aponta para uma incipiente concentracéo dos dados em qualquer época do ano.
O vetor “r” resultante dos célculos ficou em torno de 0,12 sem significancia estatistica (p > 0.05).
Sendo assim, a atividade reprodutiva responde aos fatores ambientais, porém no periodo de tempo
do referido estudo nao houve significativa manifestagao sazonal nas fenofases.

Sabe-se da conhecida estacionalidade climatica caracteristica da regiao sul-mineira (MOURA
et al., 2007), porém € valido ressaltar que durante o periodo de estudos a regiao passava por uma
época de seca com um regime de chuvas muito aquém do que normalmente é registrado, desta for-
ma, durante esse periodo as condigdes climaticas nao evidenciaram a dupla estacionalidade como
era recorrente.

A Figura 4 representa a distribuicao dos valores de cada variavel climéatica de dois periodos
anteriores equivalentes ao do trabalho desenvolvido. Os valores mensais médios de precipitacdo nos
dois periodos anteriores ao nosso estudo apontam maior amplitude, assim como os valores de tem-
peraturas maximas e minimas médias mensais. Tal representacgao evidencia que o clima no periodo
estudado se comportou de forma menos marcadamente estacional em relacéo a anos anteriores.

O trabalho de Borchert (1980) sugere que padroes de reproducao e crescimento em espécies
tropicais sao determinados apenas secundariamente como adaptacao as mudancas ambientais, sen-
do os processos enddgenos predominantes, o que pode explicar o fato de ndo constatarmos sazona-
lidade na producgao de diasporos. Como o clima se apresentou de forma menos estacional, a maior
influéncia na manifestacao de floracao e frutificagdo foram pressoes seletivas bidticas, tais como
pressao de herbivoros, predadores, competidores, polinizadores e dispersores (AIDE, 1988).
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Figura 4. Boxplot com os valores de cada varidvel nos periodos de: 1) setembro de 2009 a agosto de 2011; 2)
setembro de 2011 a agosto de 2013; 3) setembro de 2013 a agosto de 2015 (este trabalho).
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Fonte: Elaborado pelos autores (2017).

Apesar da ndo sazonalidade, as fenofases de floracao e frutificacao ainda se mostraram corre-
latas as variaveis ambientais, demonstrando que, mesmo que nao haja evidente estacionalidade cli-
matica, as espécies estudadas responderao as condigoes de temperatura seguidas pela precipitacao.

Conclusao

Pode-se concluir que a melhor época para coleta de material propagativo das espécies estuda-
das se restringe a época seca do ano, entre os meses de maio a setembro, baseando nas observacoes
apresentadas.

De acordo com os dados obtidos com o presente estudo, estratégias para recuperacao de areas
degradadas podem ser tragadas em funcao da disponibilidade de material propagativo das espécies
estudadas e da sinUsia arbérea em questao. Salientamos que os dados apresentados neste trabalho,
combinados com uma investigacao da intensidade com que os eventos fenoldgicos ocorrem, darao
base suficiente para determinar o papel dos agentes bidticos na manifestacao de cada fenofase.
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Phenology of Arborial Species for recovering degraded
areas in the municipality of Machado, MG

Abstract

It is known that one of the characteristics of semideciduous forests is the evident double seaso-
nality of a climate with well-defined seasons: one of intense summer rains, and the other a dry one.
The climate defines flowering and reproduction strategies for the plants. This work aimed to collect
behavioral data of ten individuals, from six different species (Euterpe edulis Mart., Vernonanthura
divaricate (Spreng.) H.Rob., Manihot pilosa Pohl, Anadenanthera peregrine Speg., Piptadenia go-
noacantha JFMacbr and Miconia chartacea Triana) and one from Platycyamus regnellii Benth plant.
Their behaviors were observed over a period spanning both seasons; the seasonality of phenophase
reproductive phases of the individuals in question was tested. In order to achieve our goal, monthly
observations of the phenophase stages experienced by each individual were carried out, then they
were correlated to climatic variables. The data was processed by circular statistical analysis in order
to verify the reproductive seasonality; furthermore, correlation test was conducted to determine the
climatic index of greater evidence. The results presented a relation for precipitation/temperature and
the reproductive phase of the species. Non-seasonality for the diaspores production may be a reflec-
tion of the climatic abnormality experienced in the period. The dry season is the best time to collect
the investigated species.

Keywords: Atlantic forest. Reproductive biology. Phenophases. Forest seeds. Circular statistics.
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@BE Usode coprodutos da extragcao de vermiculita na
==. producao de mudas Piptadenia stipulacea (Benth.)
1] Ducke
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Resumo

A extracdo de vermiculita gera coprodutos que sao depositados no entorno das industrias
mineradoras, causando problemas ambientais. Este estudo objetivou avaliar a utilizagdo da mistura
equitativa dos coprodutos poeira fina e ultrafina da extracao da vermiculita e a quantidade necessaria
de esterco bovino a ser adicionada ao substrato de producédo de mudas de Piptadenia stipulacea
(Benth.) Ducke. O experimento foi conduzido entre abril de 2013 e fevereiro de 2014 no Viveiro Flo-
restal da UAEF/CSTR/UFCG, Patos (PB), Brasil, em um delineamento inteiramente casualizado com
6 tratamentos: solo de baixio com TO=0% e T1=33% de EB (v/v), mistura equitativa dos coprodutos
da extracao de vermiculita com T2=0%, T3=5%, T4=10% e T5=20% de EB e 5 repeticoes. As
médias de altura, didmetro basal e massa seca da parte aérea das mudas em CP-vermiculita foram
menores do que as verificadas nas mudas se desenvolvendo em solo de baixio sem ou com a adicao
de EB. Quando o nivel de adicéo de EB aos coprodutos foi de 20% as médias decresceram, bem
como o vigor das rebrotas, pois em trés das cinco parcelas deste tratamento as plantas nao consegui-
ram emitir brotacoes apds o corte de sua parte aérea. Caso se opte por utilizar os coprodutos, o nivel
de esterco bovino deve ficar em torno de 10%, uma vez que as mudas apresentam vigor suficiente
para rebrotar duas vezes e recompor sua altura, diametro basal e matéria seca da parte aérea em 90
a 113 dias do corte de sua parte aérea.

Palavras-chave: Atividade mineradora. Areas degradadas. Matéria organica.

Introducao

A degradacao ambiental ocorre principalmente nas regides aridas, semiaridas e sub-Umidas
secas do planeta e resulta de fatores climaticos e antropicostais como as atividades pecuarias, agri-
cultura e mineragao, as quais ocorrem principalmente na regiao semiarida do nordeste do Brasil, que
se estende por mais de 980 km? distribuidos em todos os estados nordestinos (exceto o Maranhao)
e no norte de Minas Gerais (ALVES et al., 2009).

O desequilibrio ambiental é mais critico no Ceara e na Paraiba, onde a degradacao ambiental €
observada em mais da metade dos seus territérios. Para esses autores, esta degradacao tem um forte
componente humano, pois 57,3 milhdes de pessoas habitam essa regiao, além dos 28,2 milhdes
de bovinos, 7,8 milhdes de caprinos e 9,3 milhdes de ovinos, que em sua maioria se alimentam da
vegetacao nativa, caracterizando a regiao semiarida mais populosa e com maior grau de antropismo
no Brasil (LIMA et al., 2015).

1 Universidade Federal de Alagoas (UFAL), professora. maryholanda@gmail.com. Rodovia Br-104 — s/n, Km 14, Macei6 (AL),
CEP: 57.072-970.
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Uso de coprodutos da extragao de vermiculita na producdo de mudas Piptadenia stipulacea (Benth.) Ducke

Porém a ma utilizacao desta atividade gera problemas ambientais. A recuperacao ambiental é
um processo lento e de resultados incertos e demanda agoes adequadas as condicoes ambientais de-
terioradas, particularmente no que se refere ao solo (KITAMURA et al., 2008; PEREIRA et al., 2013).
Uma alternativa consiste na producao e plantio de mudas de espécies arbdreas nativas adaptadas a
areas degradadas, as quais, se produzidas com substratos alternativos em substituicdo ao substrato
convencional, composto basicamente de solo de baixio e esterco, resultariam na nao degradacao de
areas aluviais e na minimizacao dos impactos ambientais provocados pela deposicao dos coprodutos
no entorno das mineradoras (FERREIRA NETO et al., 2007; RODRIGUES et al., 2007).

O substrato para producao de mudas deve ser composto de materiais que proporcionem sus-
tentacao e fornecam umidade e nutrientes necessarios para o crescimento das mudas (AZEVEDO
et al., 2015; PEREIRA et al., 2016). Varios materiais sao usados, dependendo da regiao, segundo
Leite et al. (2015), a poeira fina contem P (58 mg dm?); Mg (3,8 cmol_dc?) e Ca (14 cmol_dc?3),
niveis considerados altos e superiores aos verificados nos solos em geral, com a vantagem de serem
disponibilizados gradualmente para a solucao do solo.

Entre as espécies arbdreas adaptadas a areas degradadas, encontra-se a Piptadenia stipulacea
(Benth.) Ducke., uma Fabaceae lenhosa da subfamilia Mimosoideae que atinge 4 metros de altura
e ocorre em areas de caatinga arbustiva rala do Piaui até a Bahia, em terrenos profundos e bem
supridos de agua, mas que também se adaptam a terrenos indspitos e degradados (OLIVEIRA et al.,
2009). Esta espécie produz madeira, lenha, remédios, néctar, polen e forragem e pode ser utilizada
na restauracao florestal e em sistemas agroflorestais, pois € de rapido crescimento e fixa nitrogénio no
solo por meio da simbiose com bactérias noduladoras do género Rhizobium (BARBOSA et al., 2013;
FARIAS et al., 2013; ALMEIDA et al., 2015).

Este estudo avaliou a utilizacdo da mistura equitativa dos coprodutos poeira fina e ultrafina da
extracao da vermiculita e a quantidade necessaria de esterco bovino a ser adicionada ao substrato de
producao de mudas de “jurema branca” Piptadenia stipulacea (Benth.) Ducke.

Material e métodos

A pesquisa foi conduzida de abril de 2013 a fevereiro de 2014 em ambiente telado localizado
no Viveiro Florestal da Unidade Académica de Engenharia Florestal/Centro de Salde e Tecnologia
Rural/Universidade Federal de Campina Grande (UAEF/CSTR/UFCG), Patos (PB), Brasil.

Os substratos testados para a producao de mudas foram: solo de baixio ou mistura equitativa
dos coprodutos poeira fina e ultrafina da extracao de vermiculita, enriquecidos com esterco bovino em
diversas proporcoes. O solo foi coletado de area de baixio a 1,0 m de profundidade, e os coprodutos
foram obtidos na Mineradora Pedra Lavrada (MPL), em Santa Luzia, Sertao Paraibano, localizada na
Regiao Nordeste.

O esterco bovino curtido durante 30 dias, o solo de baixio e os coprodutos foram secos, destor-
roados, homogeneizados, peneirados separadamente em peneira com malha de 2,0 mm e mistura-
dos conforme as proporgoes ditadas pelos tratamentos experimentais. O solo de baixio e os coprodu-
tos foram amostrados e caracterizados quimicamente no Laboratério de Solos da Unidade Académica
de Engenharia Florestal do Campus Patos (TABELA 1), seguindo metodologia proposta pela Empresa
Brasileira de Pesquisa Agropecuaria - EMBRAPA (2006).
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Tabela 1. Atributos do solo de baixio e dos coprodutos da extracéo da vermiculita (poeira fina e ultrafina)
utilizados para a producdo de mudas de Piptadenia stipulacea (Benth.) Ducke.

PH_..., P Ca Mg K Na SB H+Al CTC \"
Substrato 2
mg.dm3 = e cmol dm3--cceeeemccccicaeee s %
Solo de baixio 6,2 441 5,0 2,4 0,18 1,68 7,26 1,1 10,4 89,4
Poeira fina 6,4 330 16,5 2,5 0,33 3,70 23,03 0,6 23,6 97,5

Poeira ultrafina 6,7 429 26,0 4,0 0,49 6,09 36,58 0,6 37,2 98,4

*SB = soma de bases; CTC = capacidade de troca de céations; V = saturagado por bases.

Fonte: Elaborado pelos autores (2014).

Antes da semeadura, as sementes de jurema branca foram colocadas durante vinte segundos
em um becker de 100 ml com agua fervente apds desligamento da fonte de calor e, a seguir, foram
resfriadas em agua corrente a temperatura ambiente. Apds este procedimento, 10 sementes foram
semeadas diretamente no substrato de cada vaso com capacidade para 8.000 cm?3. Trinta dias apds
a semeadura (DAS) foi realizado o desbaste, deixando as duas mudas mais vigorosas em cada vaso.
Os vasos foram mantidos em ambiente telado entre abril de 2013 e fevereiro de 2014, com irrigagcao
manual diaria.

Dados de altura e diametro basal foram coletados aos 37, 41, 44, 58, 65, 72, 86, 100,
193 e 293 DAS. A altura (cm) foi obtida com régua milimetrada, posicionando-a ao lado da planta
e medindo o comprimento entre a superficie do substrato no vaso e a base do meristema apical do
fuste (dados coletados até 100 DAS) ou da maior rebrota (dados coletados aos 190 e 293 DAS). O
diametro (mm) foi obtido com paquimetro digital de 0,05 mm de precisao e correspondeu ao diame-
tro da base do eixo caulinar das mudas de jurema branca (dados coletados até 100 DAS) ou a soma
dos diametros basais de todas as rebrotas das duas plantas de cada vaso (dados coletados aos 190
e 293 DAS).

Cem dias apds a semeadura, a parte aérea de cada muda foi cortada, desidratada em estufa
de ventilacao forcada por 72 h a 60 °C e pesada para determinacao da massa seca (MS) (g) em
balanga digital de 0,1 g de precisédo. Ap0s este corte, os vasos permaneceram em ambiente telado
sob as mesmas condigdes ambientais e de irrigacao ja descritas, quando as mudas se recuperaram;
as rebrotas foram cortadas novamente aos 190 e 293 DAS.

As parcelas foram aleatorizadas de acordo com um delineamento inteiramente casualizado
(DIC) com 6 tratamentos [solo de baixio enriquecido com TO = 0% e T1=33% de esterco bovino
(EB) e mistura equitativa dos coprodutos poeira fina e ultrafina da extracdo de vermiculita enrique-
cidos com T2=0%, T3=5%, T4=10% e T5=20% de EB] e 5 repeticoes, totalizando 30 parcelas
(vasos com duas plantas).

Os dados de altura, diametro basal e MS analisados corresponderam a soma dos valores ob-
servados nas duas plantas de cada vaso. Os efeitos de tratamentos foram testados pelo Teste F da
ANOVA e modelos de regressao foram determinados para estimar o efeito da idade e dos niveis de
adicao de esterco bovino na altura, diametro basal e MS da parte aérea das mudas, empregando
técnicas de analise de regressao linear para P<0,05.
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Resultados e discussao

Altura

A Figura 1 mostra que, no geral, a altura das mudas aumentou de forma significativa no com-
posto solo de baixio com adi¢cao de EB, quando comparado aos demais tratamentos de CP-vermicu-
lita. Observa-se que, aos 100 DAS no substrato CP-vermiculita sem adicao de EB, este demonstrou
baixo crescimento, evidenciando a necessidade de EB na mistura desse tipo de material. As alturas
das mudas de jurema branca ficaram entre 21,30 e 120,14 cm/2 mudas, equivalente a 10,65 e
60,07 cm muda’!, respectivamente. Nesta idade, o substrato de CP-vermiculita com 10 % de EB
apresentou altura média de 39,65 cm planta!, comportamento ja caracterizado a partir de 72 DAS,
porém continuou abaixo dos valores médios observados nas mudas em solo de baixio.

Figura 1. Altura total de duas mudas de Piptadenia stipulacea (Benth.) Ducke em funcéo da idade (de 37 a
100 dias apds a semeadura) e da porcentagem (volume) de esterco bovino adicionado aos rejeitos de extragao
da vermiculita (0, 5, 10 e 20%, volume) e solo de baixio (0 e 33%)

B CP wermicH)%:Esterco bovine ™ CP-vermic+i%Esterco bovine
m CP wrmic+l 0%:Esterco bovino ™ CP-vermic+2 0%cEstzrco bovino
B Solot(%eEsterco bovino Solo+33%E sterco bovino

S 100 -

37 44 51 58 65 12 86 100
Dias apos semeadura

Fonte: Elaborado pelos autores (2014).

Considerando a existéncia de apenas dois niveis de EB e distantes entre si (0% e 33%) e o
efeito aparentemente negativo até os 65 DAS, contrastando com o efeito positivo aos 86 e 100 DAS,
¢ possivel que exista tambhém entre esses niveis de EB uma dosagem étima de EB no solo de baixio.
Assim, ao utilizar o substrato convencional, pode-se estar desperdicando EB e a0 mesmo tempo pro-
duzindo mudas de jurema branca de qualidade aguém da que se poderia atingir. Estudos adicionais
sao0 necessarios para confirmar esta hipotese.

Os dados do presente estudo foram semelhantes aos reportados por outros autores para a ju-
rema branca. Farias et al. (2013) constataram altura média de 7,1 cm aos 14 DAS para mudas se
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desenvolvendo em substrato composto de fibra de coco, e Barbosa et al. (2013) reportaram altura
média de 51,25 cm aos 120 dias ap6s a germinacao, utilizando cambissolo no substrato.

Os dados reportados para a altura de mudas de outras espécies arboreas da Caatinga podem
ser interessantes e servir para relativizar o potencial de crescimento da jurema branca. Caron et al.
(2007), trabalhando com mudas de aroeira vermelha (Myracrodruon urundeuva Fr. ALL), obtiveram
46,4 cm de altura média, aos 112 dias, em substrato composto de 1/3 de palha de café, 2/3 de la-
tossolo amarelo distréfico corrigido com calcéario dolomitico. Bernardino et al. (2006) relataram para
mudas de angico vermelho (Anadenanthera macrocarpa Benth.), aos 100 dias ap6s a germinacao,
altura entre 19,80 e 71,23 cm, utilizando subsolo de trés classes de solo no substrato, corrigidos e
adubados. Lima et al. (2010) verificaram altura média entre 87,67 cm e 105,00 cm para as mudas
de tamboril (Enterolobium contortisiliquum (Vell.) Morong.) e entre 41,67 cm e 54,20 cm para
mudas de jatoba (Hymeneae corbarill. var. stilbocarpa (Hayne) Lee et Lang.) aos 120 dias ap6s a
germinacao, usando quatro niveis de sombreamentos (0 %, 30 %, 50 % e 80 %) e substrato comer-
cial Plantmax.

Exceto no tratamento CP-vermiculita com 20 % EB, a jurema branca apresentou um bom poder
de rebrota, especialmente no solo de baixio. Nota-se que as rebrotas para cada tratamento sao mais
altas ao final do segundo corte (190 e 293 = 113 dias) do que do primeiro (entre 100 e 190 = 90
dias) periodo de recuperagao pos primeiro corte de sua parte aérea efetuado aos 100 DAS (Tabela 2),
especialmente no solo de baixio. Este poder de rebrota crescente fica evidente também no tratamento
CP-vermiculita sem adicao de EB. Nota-se que este tratamento propiciou um crescimento em altura
praticamente nulo entre os dias 37 e 100 DAS (FIGURA 1), mas de alguma maneira a rebrota do
segundo periodo conseguiu atingir uma altura média superior a verificada nos primeiros 100 DAS. E
como se a planta reagisse de alguma maneira ao corte de sua parte aérea, tal como pela presenca
de gemas, acumulo de reservas em seu sistema radicular ou a liberagao gradual de nutrientes pelo
substrato ao ponto de resultar em rebrotas mais vigorosas que as do periodo anterior.

Tabela 2. Altura total de duas mudas de Piptadenia stipulacea (Benth.) Ducke (cm/? mudas) aos 100, 190
e 293 dias ap6s a semeadura (DAS) em fungdo da porcentagem (%, v) de esterco bovino (EB) adicionado ao
substrato (mistura equitativa de coprodutos de vermiculita = CP-vermic e solo de baixio = Solo)

Tratamentos 1° corte 2° corte 3° corte
100 DAS 190 DAS 293 DAS
CP-vermic+0%EB 21,30 11,60 29,80
CP-vermic+5%EB 53,70 59,74 131,60
CP-vermic+10%EB 79,30 121,2 138,40
CP-vermic+20%EB 77,30 37,80 29,03
Solo+0%EB 94,64 159,0 301,40
Solo+33%EB 120,14 174,7 274,2

Fonte: Elaborado pelos autores (2014).

Por alguma razao, este aciimulo de reservas ou outro fator qualquer nao ocorre no CP-vermicu-
lita enriquecido com 20 % EB. A mortalidade das plantas apds o primeiro corte foi alta neste trata-
mento (trés entre os cinco vasos apresentaram as duas plantas sem rebrota ou mortas, além de um
ou dois vasos sem rebrota nos demais tratamentos com CP-vermiculita, ao passo que nenhum vaso
com solo de baixio apresentou mudas sem rebrotas). A razao dessa mortalidade merece estudos adi-
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cionais. Assim, nao é aconselhavel adicionar mais de 10 % de EB aos CP-vermiculita, a nao ser que
um procedimento adicional corretivo seja efetuado, tal como adicao de N ou K e que resulte em subs-
trato quimica e fisicamente balanceado, temas que deveriam ser considerados em estudos adicionais.

Diametro

No geral, o diametro das mudas foi menor para os tratamentos com CP-vermiculita, quando
comparado aos de solo de baixio entre 37 e 100 DAS (FIGURA 2). Nos tratamentos com CP-vermi-
culita, o efeito de EB sé se mostrou com mais clareza aos 100 DAS, indicando um decréscimo no
diametro a partir de 10% de adicao de EB. No solo de baixio o efeito se inverteu no periodo: a prin-
cipio se mostrou negativo, invertendo de sentido aos 86 e 100 DAS, porém em um patamar inferior
ao esperado de ocorrer, entre O e 33 % de adicao de EB. Isso sugere a possibilidade de um ponto
méaximo entre esses niveis de EB, a semelhanca do que ocorreu no substrato CP-vermiculita.

Figura 2. Diametro basal total de duas plantas de Piptadenia stipulacea (Benth.) Ducke em funcao da idade (de
37 a 100 dias ap6s a semeadura) e percentual (volume) de esterco bovino adicionado ao substrato (coprodutos
da extracao de vermiculita = CP-vermic e solo de baixio = Solo)

B CP wrmicH%Esterco bovino W CP-vermic+3%Esterco bovino
® CP wermic+10%Esterco bovino ™ CP-vermic+2 0%E sterco bovino

® Solo+0%E sterco bovino Solo+33%E sterco bovino

Dhiametro de duas phntas ()

37 - 51 58 65 2 86 100
Dias apos semeadum

Fonte: Elaborado pelos autores (2014).

Aos 100 DAS, o diametro médio das mudas de jurema branca ficou entre 3,74 ¢ 10,13 mm/2
mudas (TABELA 3) ou o equivalente a 1,87 e 5,06 mm muda!, respectivamente. Para essa idade
e para o substrato com CP-vermiculita, a dose de 10 % de EB resultou na maior média (3,14 mm
planta), sugerindo a utilizacao dessa dosagem de EB ao se utilizar o substrato de CP-vermiculita
para a producao de mudas de jurema branca. Porém, comparando esse valor com os obtidos no solo
de baixio, bem como com os relatados por Barbosa et al. (2013) (6,00 mm) nas condicoes ja rela-
tadas na discussao para altura, tem-se que o CP-vermiculita necessita de outras correcoes além da
adicao de 10 % de EB.
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Tabela 3. Diametro basal total (mm/2 mudas) de Piptadenia stipulacea (Benth.) Ducke. Aos 100, 190 e 293
dias apds a semeadura (DAS)

Tratamentos 1° corte 2° corte 3° corte
100 DAS 190 DAS 293 DAS
CP vermic+0%EB 3,74 1,81 2,53
CP-vermic+5% EB 5,14 5,61 7,77
CP vermic+10% EB 6,28 7,55 9,39
CP-vermic+20% EB 5,60 2,58 3,47
Solo+0% EB 9,35 13,13 11,47
Solo+33% EB 10,13 10,59 17,40

Fonte: Elaborado pelos autores (2014).

Para o solo de baixio, observando apenas as médias aos 100 DAS, visualiza-se um efeito po-
sitivo de EB. Porém, considerando a existéncia de apenas dois niveis de EB e distantes entre si (O
% e 33 %) e o efeito aparentemente negativo até os 65 DAS, contrastando com o positivo aos 86 e
100 DAS (FIGURA 2), é possivel que exista também entre esses niveis de EB uma dosagem étima
deste componente no solo de baixio. Assim, ao se utilizar do substrato convencional, pode-se estar
desperdicando EB e ao mesmo tempo produzindo mudas de jurema branca de qualidade aqguém da
que se poderia atingir. Estudos adicionais sao necessarios para confirmar esta hipétese.

A jurema branca apresentou um poder de rebrota crescente entre as duas medigoes das rebro-
tas (190 e 293 DAS), atingindo, além disto, valores superiores aos verificados nas plantas antes do
primeiro corte aos 100 DAS, exceto nos tratamentos CP-vermiculita com O ou 20 % EB que resul-
taram, também, em alta mortalidade, como ja relatado anteriormente. Nesses tratamentos, a soma
dos diametros de todas as rebrotas sdo maiores ao final do segundo (entre os dias 190 e 293 = 113
dias) do que do primeiro (entre 100 e 190 = 90 dias) periodo de recuperacao pos-corte de sua parte
aérea (TABELA 3), especialmente no solo de baixio, e superam os respectivos valores observados aos
100 DAS. O poder de reagao ao corte de sua parte aérea € marcante e, como ressaltado, necessita de
estudos adicionais para elucidar como a jurema branca consegue reagir ao estresse provocado pelos
sucessivos cortes de sua parte aérea, realizados em periodos de 90 a 113 dias, e esclarecer a razao
de isto nao ocorrer no substrato CP-vermiculita com 0 ou 20 % de EB.

Massa seca

Observa-se na Figura 3 que houve efeito de tipo de substrato e de adicao de EB na produ-
cao total de MS proveniente dos trés cortes (planta+rebrota 1+rebrota 2). No geral, o total de MS
produzido pelas mudas foi maior no solo de baixio, e o EB afetou positivamente a producao de MS
quando adicionado em até 10 % ao CP-vermiculita (P<0,05). O enriquecimento dos CP-vermiculita
com niveis maiores de EB prejudicou a producao de MS de mudas de jurema branca, causando a
mortalidade de um percentual significativo de plantas.
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Figura 3. Massa seca da parte aérea de duas mudas de Piptadenia stipulacea (Benth.) Ducke resultante de trés

cortes efetuados aos 100, 190 e 293 dias apds a semeadura
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Fonte: Elaborado pelos autores (2014).

O total da MS produzida nos trés cortes ficou entre 23,05 e 65,72 g/2 mudas (TABELA 4) ou o
equivalente a 11,53 e 32,86 g muda’!, respectivamente. Para o substrato com CP-vermiculita, a dose
de 10 % de EB resultou na maior média (20,03 g muda), o que sugere a utilizacdo desta dosagem
de EB ao se utilizar este substrato na producdo de mudas de jurema branca. Essa tendéncia se veri-
ficou nas rebrotas coletadas aos 190 e aos 293 DAS. Porém, tem-se que a MS total dos tratamentos
com CP-vermiculita chega a no maximo 68 % da verificada nos tratamentos com solo de baixio.

Tabela 4. Massa seca total (g/2 mudas) da parte aérea de duas mudas de Piptadenia stipulacea (Benth.) Ducke
resultante dos cortes efetuados aos 100, 190 e 293 dias apds a semeadura (DAS)

Tratamentos Total dos trés 1° corte 2° corte 3° corte
cortes 100 DAS 190 DAS 293 DAS
CP vermic+0%EB 23,05 4,54 13,22 5,29
CP-vermic+5% EB 27,72 5,65 9,35 12,72
CP vermic+10% EB 40,05 7,67 14,22 18,16
CP-vermic+20%EB 23,05 8,04 4,68 10,33
Solo+0% EB 58,85 15,22 18,18 25,45
Solo+33% EB 65,72 16,42 14,94 34,36

Fonte: Elaborado pelos autores (2014).
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Aos 100 DAS, os valores de MS relativos a massa seca variaram de 4,54 a 16,42 g/2 mudas
ou o equivalente a 2,27 e 8,21 g muda!. Esses valores foram inferiores aos reportados por Barbo-
sa et al. (2013), Bernardino et. al. (2005), Caron et al. (2007), Gomes et al. (2012), Lima et al.
(2010), nas condicoes ja relatadas: 11,19 g, 14,70 g, 21,52 e 21,27 g, respectivamente. Isso pode
ter ocorrido em virtude de a espécie ser adaptada a ambientes degradados, fixar nitrogénio atmosféri-
CO e possuir pouca exigéncia nutricional, nao havendo necessidade de adicionar maiores quantidades
de esterco bovino ao substrato.

De maneira similar ao observado para a altura e o diametro basal, a jurema branca apresentou
vigor crescente entre as duas medigdes das rebrotas (190 e 293 DAS), atingindo, além disto, valores
superiores aos verificados nas plantas aos 100 DAS, exceto nos tratamentos CP-vermiculita com O ou
20 % EB nos quais este comportamento nao se expressa tao claramente e que resultou, também, em
alta mortalidade. Nesses tratamentos, a MS de todas as rebrotas foi maior ao final do segundo (293
DAS) do que do primeiro (190 DAS) periodo de recuperacao pés-corte de sua parte aérea (TABELA
3), especialmente no solo de baixio, e superaram os respectivos valores observados aos 100 DAS. O
poder de reacao ao corte de sua parte aérea foi marcante e merece estudos adicionais para elucidar
COmMo a jurema branca consegue reagir ao estresse que deveria ser provocado pelos sucessivos cortes
de sua parte aérea realizados em periodos de 90 a 113 dias de recuperacao e esclarecer a razao de
isto ndo ocorrer no substrato CP-vermiculita com O ou 20 % de EB.

Conclusoes

A producao de jurema branca utilizando a mistura equitativa dos coprodutos poeira fina e ultra-
fina da extracao de vermiculita resulta em mudas menores e com menos massa seca na parte aérea
do que as produzidas em substrato solo de baixio com ou sem a adi¢ao de esterco bovino.

Caso se utilize esse coproduto na producao de mudas de jurema branca, a adicao de esterco
bovino nao deve ultrapassar os 10 %.

Use of coproducts from vermiculite extraction in the production
of Piptadenia stipulacea (Benth.) Ducke seedlings

Abstract

The extraction of vermiculite generates coproducts that are deposited around mining indus-
tries resulting in environmental issues. The aim of this study was to evaluate the use of the equitable
combination of fine and ultrafine dust obtained from the extraction of vermiculite, and the necessary
amount of cattle manure (CM) added to the substrate to produce Piptadenia stipulacea (Benth.)
Ducke seedlings. The experiment was conducted between April 2013 and February 2014, in the tree
nursery of the UAEF/CSTR/UFCG, Patos, PB, Brazil, using a completely randomized design with six
treatments. The treatments consisted of a lowland soil with TO=0% and T1=33% of CM (v/v) and
the equitable combination of the coproducts from the vermiculite extraction with T2=0%, T3=5%,
T4=10%, and T5=20% of CM. All treatments were performed with five replicates. The significant
values obtained for the height, basal diameter, and shoot dry matter were inferior to those obtained
from the seedlings developed in lowland soil, with or without the addition of CM. The average value of
sprouting decreased when the level of CM addition to the coproducts was 20%, which was demons-
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trated by the plants from three of five plots of the treatment being unable to produce sprouts after
the shoot was cut. If the preference is for using the coproducts, the level of cattle manure must be of
approximately 10% since the seedlings present enough vigour to sprout twice and restore its height,
basal diameter, and shoot dry matter between 90 and 113 days from the cutting.

Keywords: Mining activity. Degraded areas. Organic matter.
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Resumo

O Brasil possui alto indice de intoxicagoes provenientes de plantas toxicas, vegetais estes ca-
racterizados pelo potencial de sintese de principios ativos com capacidade de causar alteragdes nos
organismos humanos e animais. A pesquisa teve o objetivo de realizar o levantamento de plantas
toxicas no Campus do Instituto Federal do Sul de Minas Gerais, no municipio de Machado, tendo
em vista que o local possui grande trafego diario de servidores, alunos e da populagdo em geral que
podem ser expostos aos vegetais toxicos. Para tanto, foram realizadas excursdes para catalogacao
das espécies encontradas nas areas urbanizadas do Campus. Foram identificadas, registradas e ge-
orreferenciadas 39 plantas toxicas pertencentes a 19 familias boténicas, assim como seus nomes
populares e principios toxicos.

Palavras-chave: Toxicologia de plantas. Intoxicagdes. Principios ativos téxicos. Saude publica.

Introducao

Existem diversas espécies de plantas venenosas que podem causar lesdes no corpo humano,
sendo que muitas dessas sao encontradas em jardins e locais urbanos com finalidades paisagisticas,
sem o devido conhecimento sobre o potencial tdxico e os efeitos dessas plantas no corpo humano
(TAMILSELVAN et al., 2014). Tais vegetais proporcionam sintomas como intoxicagao em seres huma-
nos (HARAGUCHI, 2003). Esses sintomas sao derivados de substancias toxicas capazes de provocar
mortes, lesoes graves e diversos outros danos a salde. Tais substancias sao produzidas a partir do
metabolismo secundario das plantas com funcao de atuar na defesa contra ataques de pragas e pa-
togenos (SCHWAN-ESTRADA; STANGARLIN; CRUZ, 2003).

Haraguchi (2003) aponta que o principio téxico de uma planta provém de uma ou mais subs-
tancias quimicamente bem definidas, sendo essas passiveis de possuir natureza igual ou distinta.
Entre muitas substancias identificadas como reponséaveis por intoxicacoes em acidentes com plantas
toxicas, podemos citar os cristais de oxalato de célcio (CaOx), formados em plantas a partir de acido
oxalico e célcio. Os cristais de CaOx podem se comportar de divermas formas em relacédo as suas
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estruturas morfolégicas, sendo as mais comuns em vegetais: cristais prismaticos, drusos e de rafide
(formato de agulha), sendo este Ultimo um dos principais responsaveis por problemas na salde hu-
mana (FRANCESCHI; NAKATA, 2005).

Doan (2004) nos mostra que, além dos cristais de CaOx, outras substancias que se destacam
como principios ativos de intoxicagao por plantas sao as toxialbuminas, tal como a ricina. Essa toxina
é tao potente que o United States Centers for Disease Control (CDC) listou a ricina proveniente da
mamona (Ricinus communis L.) como a segunda prioridade de seguranca nacional por se tratar de
um agente com potencial terrorista (DOAN, 2004).

Quando se trata de plantas terrestres, o Brasil € o pais mais biodiversificado do mundo, contendo
entre 15 e 20% de todas as espécies vegetais conhecidas em seu territério (SHEPHERD, 2003).
Logo, como apontado por Forzza et al. (2012), o estudo da flora brasileira é reconhecido como o
mais rico do mundo, e tais estudos sao cada vez mais constantes em relacao as plantas téxicas e
seus efeitos e principios ativos, seja do ponto de vista fitoterdpico — como em estudo realizado com o
proposito de testar a toxicidade subaguda do extrato etandlico das folhas da aroeira-do-sertao (Myra-
crodruon urundeuva Allem) (BORELLI et al., 2016) — ou do ponto de vista agrondmico - em estudo
que visou testar os graus de intoxicacao por folhas de Crotallaria pallida Aiton em ovinos (OLIVEIRA
et al., 2016) — entre diversos outros que abrangem tais especificidades vegetais.

Estudos que objetivam o levantamento geogréfico da ocorréncia de tais espécimes sao recor-
rentes, sendo realizados desde o Nordeste do Brasil (AGRA; FREITAS; BARBOSA-FILHO, 2007) até
a Regiao Sul (CORREA; MENDEZ, 1996), além de serem realizados em diversas regides do globo,
como no México (FLORES et al., 2001) ou na Nigéria (NUHU et al., 2009). Tais levantamentos sao,
muitas vezes, correlatos aos potenciais medicinais que alguns espécimes vegetais tdxicos apresentam
(TAMILSELVAN et al., 2014).

Assim, o presente trabalho visou realizar o levantamento floristico e o georreferenciamento da
ocorréncia dos espécimes vegetais toxicos existentes nas areas urbanizadas do Instituto Federal do
Sul de Minas Gerais (IFSULDEMINAS) - Campus Machado, bem como apontar seus provaveis e prin-
cipais principios ativos téxicos, origem, grau de naturalizagao e locais de ocorréncia.

Material e métodos

Area de estudo

0 estudo foi realizado na area urbanizada do Campus Machado do IFSULDEMINAS, localizado
na cidade de Machado, Minas Gerais. A area urbanizada do Campus, aproximadamente 40 ha, apre-
senta grande trafego de pessoas que podem ser expostas a plantas toxicas. Além da area urbanizada,
foram averiguados locais proximos as urbanizadas por receberem esporadicamente alunos e servido-
res, como os setores de piscicultura e areas de pastagem e plantagoes.

O perimetro e a area urbanizada do campus foram determinados mediante o uso dos programas
Google Earth e Earth Point (FIGURA 1).
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Figura 1. Area urbanizada onde foi realizado o levantamento floristico dos espécimes vegetais tdxicos existentes
no IFSULDEMINAS - Campus Machado.

Delimitacio da area de estudo  Area: 400.890 m? | 40 ha Perimetro: 3.743m | 3,74km

Fonte: Google Earth/Earth Point (2017).

Levantamento floristico e caracterizacao dos principios toxicos

Durante o més de maio de 2015 foi realizado o levantamento floristico e o georreferencia-
mento das plantas que tendem a possuir principios ativos tdxicos presentes nas areas urbanizadas do
campus. Para tanto, foram realizadas, semanalmente, excursoes pelas vias do campus, onde as espé-
cies ou populacoes foram registradas, coletadas e georreferenciadas com a obtencao de coordenadas
UTM (Universal Transverse Mercator) com o uso de GPS Garmin 62s. Posteriormente, os espécimes
e suas coordenadas geogréaficas foram plotadas sobre 0 mapa da area de estudo. Os locais onde as
plantas estavam localizadas foram classificados em: canteiros, arborizacao urbana, horta, pastagem
e plantagdes. Os organismos vegetais foram classificados quanto a origem em nativas e exdticas e
quanto ao grau de naturalizacdo em cultivadas e naturalizadas, conforme terminologia contida em
Moro et al. (2012).

Todos os espécimes vegetais téxicos foram identificados nas dependéncias do Herbario Gera-
es do Campus, mediante consulta a literatura especializada e colecoes de exsicatas disponiveis on-li-
ne; posteriormente, os nomes cientificos e as respectivas familias botanicas foram verificados quanto
a validade e sinonimia nos sites da Lista de Espécie da Flora do Brasil do Jardim Botanico do Rio de
Janeiro, The Plant List do Royal Botanic Gardens Kew e Missouri Botanical Garden. Os exemplares
coletados foram depositados na colecao do Herbario Geraes do IFSULDEMINAS - Campus Machado.

Os principios téxicos presentes em cada planta, os nomes populares e as partes que possuem
tais toxinas foram determinados segundo informacdes contidas na compilacao de plantas toxicas
do Brasil disponiveis em Matos et al. (2011) e em Hojo-Souza, Carneiro e Santos (2010) acerca
de pteridofitos. Os principios toxicos foram organizados dentro das seguintes classes de compostos
quimicos: alcaloides, cristais de oxalato de calcio, glicosideos cianogénicos, glicosideos esterdides e
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terpenos. Por fim, para a organizacao da lista floristica das plantas toxicas foi utilizado o sistema de
classificacao APG IV (THE ANGIOSPERM PHYLOGENY GROUPR 2016).

Resultados e discussao

Foram identificadas e registradas 39 espécies pertencentes a 19 familias botanicas (TABELA
1). Aproximadamente 50 % das espécies encontradas pertencem a quatro familias botanicas, sendo
elas: Araceae com sete (7) espécies, Euphorbiaceae com seis (6) e Leguminosae e Solanaceae com
quatro (4). Apocynaceae, Asparagaceae e Moraceae apresentaram duas (2) espécies cada. As outras
doze (12) espécies foram registradas em doze diferentes familias botanicas.

Foram registrados 13 grupos de principios téxicos que organizados em ordem decrescente de
representatividade sao: alcaloides, oxalato de célcio, glicosideos cianogénicos, glicosideos esteroides,
terpenos, fendis, toxialbuminas, acido oxalico, glicosideos cardiotdxicos, glicosideos flavonicos, hista-
minas, pirocatecois e quinonas.

Tabela 1. Lista floristica das plantas toxicas registradas nas areas urbanizadas do IFSULDEMINAS - Campus
Machado, contendo nome popular, partes téxicas e principios ativos, local em que foram encontradas, origem,
grau de naturalizacao e coordenadas UTM, em que: O/GN = Origem/Grau de Naturalizagao; N = Nativa; E =
Exdética; C = Cultivada; Nat = Naturalizada; Ca = Canteiros; PI = Plantacdo; Pa = Pastagem; H = Horta; AU
= Arborizacao Urbana.

Familias/ Partes UTM
N Popul Principios Toxi Local O/GN
Espécies ome Popular Téxicas rincipios Téxicos oca /! 23K)
ANACARDIACEAE
Pirocatecois
(3-penta-
. decilca-tecol,
Lithraea Ramos e 3-pentade-cenil
brasiliensis Aroeira-brava P Ca N 407652/7600334
folhas catecol, 3-hepta-
Marchand )
de-cenilcatecol e
3-heptadec-dienil-
catecol)
APOCYNACEAE
Glicosideos
Allamanda Toda a o
. Quatro-patacas cardiotoxicos e Ca N 408164/ 599943
cathartica L. planta ] ]
toxialbuminas
| Alcaldides
Plumeria Latex no (agoniadina
Pluméria caule, folhas . . Ca E 408108/7600180
rubra L. plumerina e acido
e flores A
plumeri-tanico)
ARACEAE
Caladium Toda a
bicolor (Aiton) Tinhoréo lanta Oxalato de calcio Pl N 408046/7600314
Vent. P
Colocasia
antiquorum Inhame Hole Plant Calcium oxalate VG E 408394/7600011
Schott
Dieffenbachia ) L
. Comigo- Toda a Oxalato de célcio
seguine (Jacq.) o ) Ca N 407991/7600263
ninguém-pode planta e saponinas

Schott
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Familias/ Partes UTM
Nome Popular Principios Téxicos Local O/GN
Espécies P Toéxicas P / (23K)
Latex
Monstera resente Oxalato de calcio
deliciosa Costela-de-adao P ) Ca E 408363/7600165
. nos caules e e saponinas
Liebm.
folhas
Philodendron Folhas, Terpenoides
bipinnatifidum Azaleia flores e (andromedo- Pa N 408330/7600072
Schott nectar tixina)
Zantedeschia L
L . Toda a Oxalato de célcio
aethiopica (L.) Copo-de-leite ) Ca E 408189/7600199
planta e saponinas
Spreng.
ASPARAGACEAE
Agave attenua Leaves and Steroids
& Agave-dragao glycosides Pa E 408146/7600332
ta Salm-Dyck Roots )
(saponins)
o Glicosideos
Sansevieria Espada-de-sao- Toda a esterdides
trifasciata pac ) Ca E 407898/7599985
. jorge planta (saponinas) e
Prain . A
acidos organicos
BIGNONIACEAE
Spathodea
. Flores e )
campanulata P, Tulipeira néctar Alcaloides AU E 407954/7600012
Beauv.
BORAGINACEAE
Alcaloides
Heliotropium Toda a (indicina,
o p Fedegoso lasiocarpina, Ca N 408241/7600138
indicum L. planta .
heliotrina e
equinatina)
DENNSTAEDTIACEAE
Pteridium
arachnoideum Samambaia-do Folhas e Glicosideos
subsp. ) cianogénicos Ca N 407891/7600265
. campo folhas jovens L .
arachnoideum (tiaminase tipo I)
(Kaulf.) Maxon
EQUISETACEAE
Glicosideos
flavnicos
Equiset Caul ipitrina),
cquisetum Cavalinha aviee (gossipitrina) Pa N 408389/7600113
giganteum L. estrébilos aglicona
articulatidina
(gossipetina)
EUPHORBIACEAE
Codiaeum
] Sementes
variegatum (L.) , . .
Créton folhas e Alcaloide (crotina) AU E 407954/7600293
Rumph. ex A.
caules
Juss.
Euphorbi Leiteiro- Tod
upnorbia ettetro odaa Toxialbuminas AU N 408209/7599923
cotinifolia L. vermelho planta
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Familias/ Partes UT™M
N Popul Principios Toxi Local O/GN
Espécies ome Popular Toxicas rincipios Téxicos oca / 23K)
Latex
Euphorbia milii presente Terpenos
P Coroa-de-cristo (diterpenos - Ca E 408005/7600027
Des Moul. nos caules e o
miliaminas)
folhas
Euphorbia Latex
pulcherrima Bico-de- presente . .
) ] Toxialbuminas Ca N 407919/7600024
Willd. ex papagaio nos caules e
Klotzsch folhas
Alcaloides e neolig-
nanas (isoamerica-
Ji t ina A, i |
oannesia Cutieira Sementes o v americano AU N 407891/7600065
princeps Vell. A, isoamericanol A
e (x) 3,3-bisde-
metilpinoresinol)
Ricinus Sementes e ) .
) Mamona Alcaloide (ricina) AU C 408097/7600246
communis L. folhas
HYDRANGEACEAE
Hydrangea Toda Glicosideos
macrophylla Horténcia lanta cianogénicos Ca E 408131/7600026
(Thunb.) Ser. P (hridrangina)
FABACEAE
Anadenanthera
colubri- Angico Sementes e Glicosideos
na var. cebil € cianogénicos e AU N 407955/7600177
) vermelho folhas )
(Griseb.) Alts- bufetenina
chul
Alcaloides
pirrolizidinicos
Crotalaria (senecionina,
i
. Gergelim-bravo Sementes tricodesmina, Pl Nat 408135/7600227
jJjuncea L. . .
junceina,
senecifilina e
rideliina)
Leucaena Alcaloides
Folhas e ) .
leucocephala Leucacena (mimosina, AU Nat 408275/7599911
. sementes
(Lam.) de Wit leucenol)
Sparti Tod Alcaloid
opartium Giesta odaa catordes Pa E 408149/7600156
Jjunceum L. planta (citisina)
MORACEAE
Furanocumari-
Ficus carica L. Figo Folhas nas (psoraleno e H C 408046/7600254
bergapteno)
Folh F i-
Ficus pumila L. Hera-midda ohase  furanocumarinas Ca E 408055/7600224
|atex (bergapteno)
OXALIDACEAE
. Toda a . .
Oxalis sp. Trevo Acido oxalico Ca N 407627/7600343

planta
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Familias/ Partes UT™M
N Popul Principios Toxi Local O/GN
Espécies ome Popular Toxicas rincipios Téxicos oca / 23K)
PLUMBAGINACEAE
Quinonas
Plumb Folh
umbago Louco omnas (plumbagina - Pa N 407866/7600362
scandens L. raizes i
naftoquinona)
POACEAE
Glicosideos
esterodides
Urochloa )
(saponinas):
decum- . Partes L
Capim , protodioscina, Pa N 408238/7600285
bens (Stapf) aereas o
dioscina,
R.D.Webster . .
iamogenina e
diosgenina
ROSACEAE
Prunus Pesseaueiro-do Cascas, Glicosideos
myrtifolia riato folhas e cianogénicos Ca N 407673/7600242
(L.) Urb. sementes (cianeto)
SOLANACEAE
Brunfelsia Toda a Alcaloide
uniflora (Pohl) Manaca brunfelsamedi-na Ca N 408229/7599922
planta L
D.Don (hopamidina)
Alcaloides
Folhas, tropanicos
Datura ferox L. Zazumba frutos e ) p. ) UA E 408041/7600043
(hiosciamina e
sementes .
escpolamina)
Solanum Alcaloides
americanum Erva-moura Frutos esterolicos e Ca N 407866/7600122
Mill. Assolanina
Solanum )
) Alcaloides
lycocarpum A. Lobeira Frutos o Pa N 408059/7599985
) inddlicos
St.-Hil
URTICACEAE
Tricomas ) .
) Histamina,
. . . urticantes o
Urtica dioica L. Urtica acetilcolina, Pa Nat 408053/7600346
nas folhas e )
serotonina
caule
VERBENACEAE
Terpenoides
Lant. Frut hepatotoxi
antana Camaré rutos € epatotoxicos Ca Nat 408037/7600275
camara L. folhas (lantadene A e B;

lantanina)

Fonte: Elaboragédo dos autores (2017), com informacdes presentes em Hojo-Souza, Carneiro e Santos (2010)
e Matos et al. (2011).

Quanto a riqueza de principios téxicos, 33% dos espécimes catalogados (13 espécies) pos-
suem algum tipo de alcaloide, enquanto 16% (seis espécies) apresentam oxalato de célcio na forma
de cristais em seus caules e folhas. Os glicosideos cianogénicos estao presentes em 10% (quatro
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espécies) e os glicosideos esterdides e os terpenos sao encontrados em trés espécies, correspondendo
a 8% cada.

A partir das coordenadas UTM apresentadas na Tabela 1 foi possivel georreferenciar utilizan-
do a ferramenta Google Earth os locais em que as espécies catalogadas estao inseridas (FIGURA 2).

Figura 2. Locais de insercao dos espécimes vegetais tdxicos catalogados a partir das coordenadas UTM obtidas
e 0s nomes populares das espécies encontradas no Campus Machado do IFSULDEMINAS, Machado, MG.

@ Aroeira-brava @ Costela-de-Addo @ Leiteiro-vermelho @ Trevo

@ Agave-dragdo @ Croton @ Leucacena Urtica
(3) Angico-vermelho (15) Cutieira (27) Lobeira Zazumba
@ Azaléia Erva-moura Louco

@ Banana-de-macaco @ Espada-de-sdo-jorge Mamona

@ Bico-de-papagaio Fedegoso Manaca

@ Camara Figo @ Pessegueiro-do-mato

Capim Gergelim-bravo @ Pluméria

(9) Cavalinha (1) Giesta (33) Quatro-patacas
Comigo-ninguém-pode@ Her-mitida @ Samambaia-do-campo

@ Copo-de-leite @ Horténcia @ Tinhordo

@ Coroa-de-cristo @ Inhame Tulipeira

Fonte: Elaboragéo dos autores (2017).

Das 39 espécies encontradas, 13 (33 %) sao exoéticas — como a Zazumba (Datura ferox),
Horténcia (Hydrangea macrophylla) e Hera-milda (Ficus pumila) — quatro (10 %) sao naturalizadas
—tal como a Urtica (Urtica dioica), o Camara (Lantana camara) e Leucacena (Leucaena leucocephala)
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— duas (5 %) sao cultivadas — Figo (Ficus carica) e Mamona (Ricinus communis) — e as demais,
20 (51 %), sao nativas, nao necessariamente endémicas, como a Lobeira (Solanum lycocarpum), a
Erva-moura (Solanum americanum) e o Manaca (Brunfelsia uniflora) (FIGURA 3).

Figura 3. Percentual e nimero de espécies de plantas tdxicas obtidas em levantamento no Campus Machado
do IFSULDEMINAS, Machado, MG, agrupadas em: Exdéticas, Naturalizadas, Cultivadas e Nativas.

5%(2)

34% (13)

e

51% (20)

TTT— 10% (4)

m Exdtica = Naturalizada = Nativa = Cultivada
Fonte: Elaboracéo dos autores (2017).

Por meio do estudo da Figura 4, observa-se que 29 (74 %) dos espécimes vegetais toxicos
encontrados estao em locais urbanizados, o que nos leva a acreditar que suas posicoes foram pré-de-
finidas a partir de suas caracteristicas morfoldgicas para fins ornamentais. Outro fator que aparenta
ter influenciado a localizagao da maioria das plantas sao os locais de insercao das espécies Comigo-
-Ninguém-Pode e Espada-de-Sao-Jorge, ambas encontradas em ambientes fechados e com grande
trafego de pessoas, provavelmente por conta de suas representatividades popularmente conhecidas
de afastar mal olhado e gerar protecao, respectivamente. Além disso, das 29 espécies localizadas
em locais urbanizados, 51% (quinze espécies) sao exéticas, cultivadas ou naturalizadas, ou seja, ha
grande possibilidade de que as espécies tenham revigorado nesses locais por meio da escolha paisa-
gista humana.
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Figura 4. Locais de insercao das espécies de plantas toxicas obtidas em levantamento no Campus Machado do
IFSULDEMINAS, Machado, MG, agrupadas em: Canteiros, Plantacdo, Pastagem, Arborizacao Urbana e Horta.

5% (2)
|

21% (8) —_

_49%(19)

20% (8L/

\5% (2)

= Canteiros Plantacdo = Pastagem = Arborizacdo Urbana Horta

Fonte: Elaboracdo dos autores (2017).

Das oito espécies encontradas em locais afastados dos meios urbanos do Campus, 4 (50 %)
sao nativas e suas distribuicdes espaciais se deram, provavelmente, de forma natural e ndo por seleti-
vidade ou cultivar humano. Contudo, o fato de esses vegetais estarem afastados de locais com grande
trafego de alunos e funcionarios nao implica menores riscos a salide humana, pois sao passiveis de
gerar intoxicacOes indiretas, ou seja, causadas pelo consumo de produtos de bovinos ou caprinos
que tenham ingerido plantas toxicas cujos principios ativos possam estar acumulados na carne ou
no leite destinado ao consumo humano (MATOS et al., 2011). Tal fenébmeno é possivel de ocorrer no
campus, tendo em vista que as plantas Urtica, Agave-dragao e Capim foram encontradas em local
de pastagem de bovinos, entretanto, sao necessarios mais estudos para verificar essa observacao.

Os dados levantados a respeito da localidade e da diversidade das plantas toxicas do campus
servirao como apoio para a prevencao de acidentes e preservacao da salde publica, assim como para
a difusao do conhecimento popular acerca da variedade de plantas, seus principios téxicos ativos e
seus efeitos. Além disso, a catalogagdo geolocalizada proporciona maior conhecimento em relagao
ao ambiente utilizado pela populacao que usufrui do espaco, gerando visibilidade as plantas toxicas.
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Conclusoes

O estudo evidenciou que ao menos metade das espécies toxicas catalogadas nao sao nativas
e que a maioria se encontra em locais urbanizados pré-definidos pelas suas caracteristicas paisagis-
ticas. Mais estudos sao necessarios para averiguar o potencial de intoxicacao que as espécies aqui
catalogadas apresentam em seus locais de insercao para diferentes organismos.

Poisonous flora at IFSULDEMINAS - Machado Campus,
in Machado city, state of Minas Gerais

Abstract

Brazil has a high index of intoxications due to toxic plants, which are organisms known by
their potential to synthetize active principles capable of causing changes in human and animal orga-
nisms. The research aimed to locate toxic plants present at Campus of Instituto Federal do Sul de Mi-
nas Gerais, in Machado city, because of its high daily transit of workers, students and local residents
in general that can be exposed to those plants. For such, it was made expeditions throughout the
campus for the tabulation of species found at the urbanized areas of the Campus. It was identified,
registered and geo-referenced 39 toxic plants belonging to 19 botanical families as well as their po-
pular names and their toxic principles.

Keywords: Plants Toxicology. Intoxications. Active toxic principles. Public Health.
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Resumo

A flora aromatica nativa da Amazbnia vem sendo alvo de varios estudos basicos. Uma des-
sas espécies é a Cyperus articulatus L., conhecida como priprioca, cujo 6leo essencial tem grande
potencial de exploracao devido a sua importancia na farmacopeia local. O objetivo do trabalho foi
avaliar a producao de 6leo essencial e os teores de macronutrientes de plantas de priprioca (Cyperus
articulatus L.), em resposta a adubacao organica e a correcao do solo. O delineamento experimental
foi inteiramente casualizado, em esquema fatorial 4 x 2 distribuidos em quatro repeticoes. A cama de
aviario foi mais eficiente que a torta de mamona e o esterco de gado promoveu as maiores producoes
de éleo essencial quando aplicadas as dosagens com 330 g vaso* e 440 g vaso* em solo que rece-
beu calcario. A cama aviaria e a calagem em interacao ou com os outros tratamentos foram as mais
eficientes no estimulo a absorcao dos macronutrientes; a calagem nao influenciou a absorcao de K,
Ca, Mg e S quando em interacao com a torta de mamona ou com o esterco de gado.
Palavras-chave: Cyperus articulatus. Planta medicinal. Planta aromatica. Nutricao mineral. Fertili-
dade do solo.

Introducao

As plantas medicinais a medida que deixarem de ser exploradas de forma apenas extrativista
deverao garantir maior sustentabilidade a agricultura, especialmente se for criada uma cadeia pro-
dutiva englobando a producao, a industrializacao e a comercializagdo. Como a grande maioria das
culturas, essas plantas devem responder positivamente a um adequado programa de produgao, en-
volvendo o manejo correto do solo e das espécies nele cultivadas. Portanto, um adequado suprimento
de nutrientes, baseando-se em analises quimicas do solo e de tecidos das plantas, associado a outras
praticas culturais, podera promover resultados como boa produtividade, lucratividade e protegdo am-
biental (AMARAL et al., 2010).
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Os 6leos essenciais sao usados para conferir aroma e odores especiais a diversos produtos ali-
menticios e de perfumaria. Também é de grande relevancia o seu uso em medicamentos analgésicos,
antissépticos, sedativos, expectorantes, estimulantes, estomaquicos e até mesmo atividade antifln-
gica e antibacteriana (SILVA, 2011; ALMEIDA et al., 2011). Sao produtos volateis e geralmente
apresentam uma constituicdo complexa. Em alguns casos, chegam a conter mais de uma centena de
componentes distribuidos em quantidades variaveis (CASTRO et al., 2010).

0O mercado internacional de 6leos essenciais movimenta anualmente cerca de 1,8 bilhdo de do-
lares, no entanto, a participacao brasileira neste cenario ainda é pequena, de apenas 0,1 % (BIASI et
al., 2009). No Estado do Para, a priprioca Cyperus articulatus L. vem despertando grande interesse
cientifico e econémico devido ao agradavel aroma do 6leo essencial obtido dos seus rizomas.

Um grande desafio que envolve o uso de plantas medicinais e aromaticas € a obtencao de
produtividades estaveis em quantidade e qualidade desejadas, aumentando a confiabilidade da fi-
toterapia, uma vez que é imensamente variavel a producao de principios ativos nas regides do pais,
justificando a importancia dos estudos relacionados ao cultivo destas plantas.

Pouco se conhece sobre a nutricdo mineral da priprioca, haja vista que muitas das espécies
medicinais e aromaticas ainda sao consideradas semisilvestres e consequentemente ndo passaram
por manipulacao genética, logo faz-se necessario entender melhor o mecanismo de absorgao e meta-
bolizagdo dos elementos minerais de forma eficiente (SILVA, 2005).

O objetivo do trabalho foi avaliar a producao de éleo essencial e os teores de macronutrientes de
plantas de priprioca (Cyperus articulatus L.) em resposta a adubacao organica e a correcao do solo.

Material e métodos

O experimento foi realizado no periodo de janeiro a outubro de 2011, em condicoes de casa de
vegetacao coberta com plastico de 150 microns localizada na Universidade Federal Rural da Ama-
zbnia em Belém/Para. Foram utilizadas amostras de um solo classificado como Latossolo amarelo
distréfico (EMBRAPA, 2006), coletado na camada de O - 0,20 m de profundidade, em propriedade
rural localizada no municipio de Santo Ant6nio do Taua/Para. O delineamento experimental utilizado
foi inteiramente casualizado em esquema fatorial 4 x 2, distribuidos em quatro repeticoes. Os fato-
res foram quatro adubacgdes organicas: torta de mamona, esterco bovino, cama aviaria e solo como
tratamento controle; dois niveis de correcdo, com e sem a adicao de calcario. As doses do esterco de
bovino (0, 280, 420 e 520 g vaso!) e da cama aviaria (0, 220, 330 e 440 g vaso!) foram diferencia-
das para manter o mesmo contetido de N existente nas doses aplicadas com mamona (0, 100, 150
e 200 g vaso!), baseado na recomendacao para a cultura da pimenteira—do-reino na regiao (CRAVO
et al., 2007), que serao comparadas em 0, 1, 2 e 3 doses. A composicao quimica dos substratos
organicos utilizados no experimento se encontra na Tabela 1.
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Tabela 1. Caracterizacao quimica da torta de mamona (TM), esterco bovino (EB) e cama aviaria (CA), utilizados
como fertilizantes no experimento.

Mo

Fontes organicas N P,0, K,0 S Ca Total C/N pH
(%) e mg.dm3--m-eeeee- cmol_dm?3 g Kg!

™ 5,18 1,26 1,1 0,37 0,028 74,07 7,94 5,81

EB 1,85 1,16 0,65 0,2 0,026 73,16 21,97 5,16

CA 2,35 1,93 2,45 0,05 0,026 73,65 17,41 5,37

Fonte: Elaborada pelos autores (2015).

A calagem foi realizada utilizando uma mistura de CaCO, e MgCO, (87 % de PRNT), na relagao
3:1, na base de 2,5 t ha. O solo coletado foi levado ao laboratério, onde foram feitas as analises
quimicas (TABELA 2).

Tabela 2. Caracterizagcao Quimica das Amostras de solo utilizadas no experimento (profundidade O - 20 cm).

p H M.O P K+ Ca*2 Mg+ H + Al SB Al+3 CTC
(H,0) pH 7
-1 mg ___________________________ o T
g Kg dm? cmol_dm
4,3 8,9 3,0 0,08 0,9 0,4 2,45 1,41 0,3 3,86

Fonte: Elaborada pelos autores (2015).

Foram determinados pH em agua; fésforo disponivel (P) usando o extrator Mehlich 1; Calcio,
Magnésio e Aluminio trocaveis extraidos com solucao de KCI 1 mol L!; Potéssio trocavel extraido com
Mehlichl e quantificado por fotometria de chama; H+Al foram extraidos com solucao de acetato de
Célcio 0,5 mol L tamponada a pH 7,0 e determinados por titulometria de neutralizagao, conforme
a Empresa Brasileira de Pesquisa Agropecuaria - EMBRAPA (1997).

O solo foi inicialmente incubado por um periodo de trinta dias. Os vasos preenchidos com solo
foram inicialmente saturados com agua destilada e drenado por aproximadamente duas horas até a
obtencao da capacidade de campo, para entao ser incorporados as fontes organicas de acordo com
os tratamentos estabelecidos, posteriormente, plantou-se um tubérculo de priprioca por vaso.

A coleta dos dados foi feita oito meses apds o plantio. As plantas foram coletadas e separadas
em tubérculos, raizes e lavadas para retirada do excesso de substrato contido. Em seguida, as raizes
foram acondicionadas em sacos de papel e secas em estufa de circulagao forcada de ar a temperatura
de 60 °C. Na sequéncia, foram determinados os teores de nutrientes no tecido vegetal. O teor de N
total foi determinado de acordo com o método micro Kjeldahl e o extrato obtido por digestao nitro-per-
cléria do material vegetal. O P foi determinado por colorimetria, o K, Ca e Mg por espectrofotometria
de absorcao atbmica seguindo a metodologia de Embrapa (2005).

Para a extracao do 6leo essencial dos rizomas das plantas de priprioca foi aplicado o método de
hidrodestilacao de arraste por vapor, utilizando o aparelho Clevenger adaptado a um baldo volumétri-
co com capacidade para 1.000 mL. Em cada extracao, com a duracao de aproximadamente quatro
horas, as amostras de 50 g de rizoma foram colocadas em baldo com 500 mL de agua destilada.
Apos alguns minutos de repouso no hidrolato obtido (mistura de dgua + 6leo), a solucéo foi filtrada
e a quantidade de 6leo essencial no recipiente mensurada.
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Os resultados obtidos foram submetidos a analise de variancia comparando os tratamentos pelo
Teste F (P<0,05) e aplicado o Teste Tukey a 5 % de probabilidade, utilizando o programa estatistico
Sisvar (FERREIRA, 2011).

Resultados e discussao

A producao de éleo essencial da priprioca e os teores de nutrientes foram influenciados signifi-
cativamente pelos tratamentos e suas interacoes, com exce¢do ao P que nao sofreu alteracdo com a
aplicacao dos tratamentos (TABELA 3).

Tabela 3. Resumo da anélise de variancia dos tratamentos aplicados: Adubacéao organica (AO) e Corregdo do
solo (COR), para as variaveis produgao de 6leo (PO) e teores de nutrientes (N, P, K, Ca, Mg) no tecido vegetal
da priprioca (Cyperus articulatus L.).

Fonte de variacao GL PO N P K Ca Mg
AO 2 *%* ** ns ** ** *%
COR 1 *% ** ns ** ** *%
AO*COR 2 ** ** ns ** ** **
Residuo 75 0,002 0,58 0,26 0,62 0,52 0,53
Ccv 17,94 12,79 10,17 15,55 7,49 13,36

Fonte: Elaborada pelos autores (2015).

As maiores producoes de 6leo essencial foram verificadas com a aplicagdo de cama aviaria em
todas as doses de adubacao organica aplicadas. Houve de forma geral uma elevagao da producao de
6leo de priprioca a medida que as doses das fontes organicas aumentaram, com excecao da torta de
mamona que proporcionou reducao a partir da terceira dose aplicada (TABELA 4).

A adubacao organica, além de fonte de nutrientes para as plantas, é capaz de suprir adequa-
damente as necessidades da cultura e contribuir para a melhoria das qualidades fisicas, quimicas
e bioldgicas do solo. As plantas medicinais e aromaticas como qualquer outra cultura dependem de
suprimento adequado de nutrientes para boas produtividades agricolas. O fertilizante organico me-
lhora as condicdes edaficas do solo e pode contribuir positivamente para a producao de biomassa e
principios ativos dependendo da espécie, como observamos no experimento.

Observa-se que ocorreu aumento na producao de 6leo a medida que foram aplicadas as doses
maiores de esterco bovino.

Sales et al. (2009), ao avaliarem o rendimento de éleo essencial de hortela-do-campo (Hyptis
marrubioides EPL.) sob adubacéo organica com esterco de bovino, destacam um ajuste linear, em
que para cada kg de adubo organico implementado houve um incremento de 0,0034 g planta.
Santos (2009), ao estudar altura, rendimento de folha, teor e rendimento de éleo essencial de erva-
-cidreira-verdadeira (Melissa officinalis L.) sob adubacao com esterco bovino, observou que com a
aplicacao de 15 t ha' por ano induziu o aumento do rendimento total de biomassa em 10,7 % e o
rendimento total de déleo essencial em 10,3 % em relacao ao tratamento controle. No experimento, foi
verificado um incremento de 37,5 % quando da aplicacao da maior dose (520 g vaso!) em relagao
ao controle (dose 0).

No entanto, Assis et al. (2009) indicaram que o esterco bovino influenciou negativamente o
teor de 6leo essencial de Alecrim-Pimenta. Contrario a esses resultados, Valadares et al. (2010) veri-
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ficaram aumento significativo na producao de 6leo essencial de Lippia citriodora (Lam.) com a adicao
da calagem e esterco bovino. Porém, em uma segunda coleta de material, ocorreu pequena reducao.
Brant et al. (2010) verificaram menores teores de 6leo essencial em cidrao [Aloysia triphylla
(L" Hérit)] com a utilizacao de esterco bovino como tratamento. No entanto, nesse estudo, ressalta-se
a participacao desse esterco no aumento da producgédo da priprioca.
Assim como no esterco bovino, a aplicacao da cama aviaria promoveu elevacao na producao
de 6leo essencial de priprioca com o aumento das dosagens.

Tabela 4. Producéo de éleo de priprioca (Cyperus articulatus L.) nas doses de adubagéo organica.

Fontes Organicas DOSES DE ADUBAGAO ORGANICA

0 1 2 3
™ 0,08 Cab 0,29 Ab 0,15 BCc 0,11BCc
EB 0,03 Cc 0,17 BCc 0,43 Ab 0,46Ab
CA 0,09 Ca 0,46 Ba 0,50 ABa 0,53 ABa

Médias seguidas das mesmas letras, mailsculas na horizontal e mindsculas na vertical, nao diferem entre si em
nivel de 5 % pelo Teste de Tukey. Torta de mamona (TM), esterco bovino (EB), cama aviaria (CA).

Fonte: Elaborada pelos autores (2015).

A correcao da acidez do solo por meio da calagem elevou a producao de dleo essencial nos
tratamentos com torta de mamona e cama aviaria. O esterco bovino causou reducao na producao
de 6leo (TABELA 5). Sob efeito da calagem, a cama aviaria proporcionou aumento de 25,71 % na
producao de 6leo essencial de priprioca que inicialmente era de 0,35 g planta! passando para 0,44
g planta*. Com a aplicacéo de torta de mamona, o acréscimo foi mais significativo, proporcionando
um aumento de 120 % na producao de éleo, ou seja, de 0,10 g planta* para 0,22 g planta. Inver-
samente as demais aplicagdes de adubacao organica, o esterco bovino promoveu uma reducao de
34,78 % na producao de 6leo essencial de priprioca, de 0,31 g planta! para 0,23 g planta.

Tabela 5. Producéo de 6leo essencial de priprioca (Cyperus articulatus L.) em funcao da adubacao organica e
da calagem.

MO Sem calcario Com calcario
™ 0,10Bb 0,22 Ab
EB 0,31 Ab 0,23 Bb
CA 0,35 Ba 0,44 Aa

Médias seguidas das mesmas letras, mailsculas na horizontal e mindsculas na vertical, ndo diferem entre si em
nivel de 5 % pelo Teste de Tukey. Torta de mamona (TM), esterco bovino (EB), cama aviaria (CA).

Fonte: Elaborada pelos autores (2015).

Por meio das médias encontradas, com boa significancia na aplicagao da calagem, nao pode-se
atribuir a cultura uma grande tolerancia a solos acidos. Sales et al. (2009), estudando o hortela-
-do-campo (Hyptis marrubioides EPL), demonstraram que nao houve interacao das doses de adubo
organico com a presenga ou auséncia de calagem. No entanto, Corréa et al. (2010) observaram que
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as doses de adubacao mineral e organica (avicola) influenciaram significativamente o crescimento
das plantas, rendimento e composicao quimica do dleo essencial de orégano.

Oliveira Juanior (2005), ao avaliar o efeito das aplicacdes de calcario e adubacao mineral e
organica (esterco de curral) sobre a concentragao e o rendimento do 6leo essencial de arnica (Lycho-
nophora ericoides), observou que as variaveis estudadas foram influenciadas pela interacao entre
calagem e adubacéo. O autor ainda ressalta que os tratamentos de adubacao mineral e mista com
calagem e mineral sem calagem foram os que apresentaram os menores teores de 6leo essencial.
Além disso, complementa que o tratamento organico sem calagem apresentou menor rendimento de
6leo essencial, ao passo que os maiores rendimentos foram obtidos com os tratamentos mineral e
misto sem calagem.

Nas plantas que receberam o tratamento com torta de mamona, a calagem nao mostrou resul-
tados significativos entre eles.

O esterco bovino e a cama aviaria sofreram influéncia da calagem e a correcao do solo pro-
porcionou a maior absorcdo de N pelas plantas. Os teores de P ndo foram afetados pela correcao do
solo. Os teores de K foram afetados significativamente pela corregdo do solo apenas na aplicacdo da
cama aviaria em que a calagem proporcionou maiores teores deste elemento. Os teores Ca, seme-
Ihantes aos de K, foram maiores com a cama aviaria apos a correcao do solo. Os teores de Mg, com
a calagem, apresentaram valores menores nas adubacgoes organicas realizadas, com excecao a cama
aviaria. Com relacao aos teores de S, a calagem também proporcionou maiores valores com a cama
aviaria (TABELA 6).

Avaliando o efeito do teor de N nas raizes, nao foi verificada interagao entre o uso da calagem
e a adicao da torta de mamona. No entanto, o uso de cama aviaria e esterco bovino com a adigao
de calcario apresentou os maiores teores de N. A pratica do manejo do solo com adubacao orgénica
produz diversos beneficios quando utilizada de forma correta. Nesse aspecto, a contribuicdo da adu-
bacao organica torna-se uma ferramenta fundamental, tendo em vista beneficios como suprimento de
nitrogénio ao sistema, aumento no teor de matéria organica e de outros elementos.

Amaral (2010), ao avaliar a concentracao de nutrientes na parte aérea de Baccharis trimera,
destaca a fonte cama de aviario, pois mais de 60 % das quantidades de nitrogénio e fosforo existentes
também se encontram na forma mineral e, portanto, ndo precisam ser decompostos pelos microrga-
nismos para se tornarem disponiveis as plantas.

Na maioria dos adubos organicos, o N é o nutriente mais abundante, apresentando-se como
constituinte de moléculas organicas que, com o processo de mineralizagao, liberam esses nutrientes
em forma de minerais assimilaveis pelas plantas. Smith e Hadley (1989) relatam que parte do N,
presente em adubos orgénicos resiste a rapida mineralizacao e torna-se disponivel somente as cul-
turas subsequentes e que o uso de compostos nao sé supre as plantas com quantidade consideravel
de nutrientes, mas contribui para manter a fertilidade natural, o que envolve os ciclos biolégicos dos
nutrientes nos solos cultivados.
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Tabela 6. Teores de N, P, K, Ca, Mg e S em raizes de priprioca (Cyperus articulatus L.) em funcéo das
adubacoes organicas e da calagem.

N P K Ca Mg

(%) mg dm3 e cmol_ dm -
MO cC SC CcC SC CcC SC cC SC cC SC
™ 559Ab 598Aa 1,55Aa 1,52Aa 4,43Ba 5,22Ab 3,20Aab 3,06 Aa 1,69Bb 2,08 Aa
EB 5,70Ab 5,10Bb 1,65Aa 1,63Aa 4,48Ba 7,28Aa 3,03Bb 3A§bz 1,28 Bc 2,24 Aa
CA 7,52 Aa 593Ba 156Aa 1,54Aa 5,09Aa 3,99Bc 3,25Aab 2,56Bb 1,99Aa 1,06Bb

Médias seguidas das mesmas letras, mailsculas na horizontal e minUsculas na vertical, ndo diferem entre si em
nivel de 5 % pelo Teste de Tukey. Torta de mamona (TM), esterco bovino (EB), cama aviaria (CA), com calagem
(CC), sem calagem (SC).

Fonte: Elaborada pelos autores (2015).

Os teores de fosforo nao foram influenciados pela calagem nas diferentes adubacoes organicas
estudadas. A aplicacao de residuos organicos reduz a fixacao de fésforo no solo e aumenta a eficién-
cia de utilizacao dos fertilizantes fosfatados aplicados, e os residuos organicos, ao interagirem com o
solo, podem ter efeitos similares ao do calcério (carbonatos de célcio e de magnésio) pela precipita-
cao de ferro e aluminio (HUE, 1990). Andrade, Fernandes e Faquin (2003), trabalhando em solos de
varzea, verificaram que a aplicacao de residuo orgénico, calcario e gesso reduz a fixacao de fésforo.

Os maiores teores de K encontrados na matéria seca da priprioca foram observados com a
auséncia da calagem, com a aplicacao da torta de mamona e esterco bovino. Com a cama aviaria, o
efeito da calagem foi significativo, promovendo grande aumento nos teores de K. Essa falta de respos-
ta de calcario na torta de mamona e esterco bovino pode ser explicada, em parte, pelo curto periodo
de reacao, uma vez que a aplicacao deu-se 30 dias antes do plantio. Por outro lado, apesar de o solo
se apresentar com acidez elevada, o teor de Al trocavel era baixo, ndo constituindo, portanto, impe-
dimento para o desenvolvimento das raizes. Os valores significativos verificados com a cama aviaria
podem estar relacionados a alta concentragdo de macronutrientes em sua composicao (ZHANG et al.,
1998), proporcionando aumento no carbono total, no teor de matéria organica (SINGH et al., 2009)
e consequentemente aumento do pH do solo.

Nao foram observados efeitos significativos nos teores de Ca, com a aplicagao do calcario em
relagdo a torta de mamona. Com a adigao do calcario no esterco bovino ocorreu uma reducao nos
teores de Ca no tecido vegetal da priprioca. A adicao do calcario na cama aviéria provocou elevagao
nos teores de Ca, com efeitos altamente significativos.

Janegitz et al. (2011), em trabalho realizado com diferentes adubacdes organicas, com e
sem a aplicacao de calcario, observaram que o esterco bovino apresentou melhores resultados que a
torta de mamona. Nos tratamentos sem calcario a torta de mamona foi superior, por ter apresentado
uma rapida decomposicao, levando em consideracao a sua eficiéncia de acordo com a quantidade
de adubo utilizado. Esses resultados se assemelham aos da pesquisa, evidenciando a importancia da
torta de mamona como fertilizante organico, mesmo sem a calagem.

Os teores de Mg no tecido vegetal da priprioca foram reduzidos com a calagem na aplicagao
da torta de mamona e esterco bovino. Na cama aviaria observam-se acréscimos nos teores desse
nutriente com a calagem. O excesso de calcio em relacao ao magnésio na solucao do solo pode pre-
judicar a absorcao do magnésio, assim como o excesso de magnésio pode prejudicar a absorcao de
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calcio, semelhante ao que ocorre para o potassio (MALAVOLTA et al., 1997). Amaral et al. (1999),
ao avaliarem a omissao de macronutrientes em manjericao (Ocimum sp.), destacaram um aumento
acentuado na concentragao de Ca nas raizes no tratamento em que houve omissao de Mg, fato este,
evidenciado provavelmente pelo antagonismo entre esses elementos.

Conclusao

A maior producao de 6leo essencial da priprioca ocorre com a aplicagao da cama aviaria em
solo com a adigao de calcério.

No tecido vegetal de priprioca o teor de N é maior com a aplicacao da cama de aviario e com
a adicao de calcario.

Os nutrientes P Ca e Mg apresentaram os maiores teores quando da adicao de esterco bovino
sem a calagem.

Priprioca essential oil and nutritional content in
response to organic fertilization and liming

Abstract

The native aromatic flora of Amazon has been the subject of several basic studies. One of
these species is Cyperus articulatus L., known as priprioca, whose essential oil has great potential
for exploitation due to its importance in the local pharmacopoeia. The objective of this work was to
evaluate the production of essential oil and macronutrient contents of priprioca plants in response
to organic fertilization and soil correction. The experimental design was completely randomized, in
a 4 x 2 factorial scheme distributed in four replications. Poultry litter was more efficient than castor
bean cake and cattle manure, promoting the highest yields of essential oil when applied to dosages
with 330 g pot! and 440 g pot! in soil where limestone was applied. Poultry litter and liming, in
interaction, or with the other treatments, were the most efficient in stimulating the absorption of ma-
cronutrients; liming did not influence the uptake of K, Ca, Mg and S when in interaction with castor
bean or cattle manure.

Keywords: Cyperus articulatus. Medicinal plant. Aromatic plant. Mineral nutrition. Soil fertility.
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