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Abstract 
The second most cultivated plant to a forest range in Brazil is the Pinus elliottii. This paper aims to evaluate the 
spectral behavior of individuals of Pinus elliottii in the electromagnetic radiation (1st) of the visible and (2nd) the 
infrared, when submitted to the water deficit. The experiment was conducted in the city of Santa Maria located at 
the Rio Grande do Sul State. The spectral responses of 10 individuals of Pinus elliottii were observed in different 
climatic seasons at 24 months of age. To evaluate the spectral behavior a spectroradiometer was used, and the 
behavior in the 450 to 1700 nm range was analyzed. Five individuals were submitted to water deficit treatment 
and five were used as controls, remaining in adequate water conditions. The spectral pattern for individuals 
submitted to water deficit was similar, but a trend of wavelength responses in the region of visible green 
(577-491 nm) and near-infrared (1100-789 nm) was noticeable. The most evident differences occurred in the fall 
season when differences in spectral amplitudes are noticeable and significantly different from the rest of the year. 
Keywords: remote sensing; stress in plants; leaf optical properties; reflectance spectra 

1. Introduction 
Species of the Pinus genus, exotic to the Brazilian flora, are being widely used by the timber industry as 
immediate substitutes of our native woods (Pelozzi et al., 2012). Pinus elliottii, also known as American pine, is 
one of the species widely used in Brazil. Native to the southeastern US, it is widely used in furniture, pulp, and 
paper, as well as construction, but the wood produced is generally of low quality and small size due to the 
absence of management (Spathelf & Seling, 2000). 

The cultivation of Pinus species in the southern region of Brazil has been increasing due to the favorable climate 
of this region (Georgin, 2014). In Rio Grande do Sul, for example, Pinus elliottii is one of the largest in terms of 
planting area, being used in construction, furniture manufacturing and resin production (Floriano et al., 2009). 

Sustainable forest management has been recommended by foresters for some three centuries and any analysis of 
the feasibility of forest development programs should be considered as a prerogative (Floriano et al., 2009). 

When initiating a reforestation process, there is a need to evaluate and monitor it to see if the proposed goals and 
objectives are being met (Campos & Martins, 2016). Thus, it is imperative that the evaluations be carried out in 
regular time spaces, in order to avoid the occurrence of unforeseen events that may jeopardize the process 
(Miranda Neto et al., 2012), eliminating errors and surplus costs immediately and favoring the evolution of it. 
For this reason, forest researchers study and develop methods to quantify production, providing the development 
of techniques that aim to increase yield and reduce costs (Schneider, 1999). The use of Remote Sensing has been 
shown to be quite feasible with regard to the evaluation of environments that present the need for monitoring 
(Lersch, 2003). 

The association between the data of Remote Sensing with objects on the Earth’s surface comprises the process of 
interaction of the electromagnetic radiation with the target under study (Ponzoni et al., 2018). This relation can 
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When analyzing the spectral behavior of vegetation in different successional stages Ponzoni and Rezende (2004) 
observed that the average infrared spectral response is less perceptive in the early successional stages, while the 
near infrared presented a better response to the intermediate stages. These results justify the pattern observed in 
the present study, considering that individuals presented a mean age of 24 months. 

In relation to the visible region, Berra et al. (2014) recommended green when they presented high values. 
However, Ponzoni and Shimabukuro (2010) state that the vegetation shows an evident contrast between the 
region of the visible and the region of the infrared, due to the photosynthetic processes of the plants. Therefore, it 
is recommended to prioritize the use of infrared to analyze the behavior of Pinus elliottii. 

Studying the temporal variation of NDVI in Juiz de Fora, Ramos (2016) observed that the highest values of 
NDVI were found in summer, followed by autumn, spring, and local winter. This same spectral behavior was 
observed by Araujo et al. (2015) studying corn crop. Other works (Fragal et al., 2006; Magalhães et al., 2013) 
recommend performing the spectral behavior in vegetation during the summer.  

Comparing seasonal period in eucalyptus plantation, Brandelero (2010) observed significant differences between 
seasons, but none of the averages were completely different, pointing out similarities in autumn, winter, and 
spring; occurring the same for the averages of autumn, winter, and summer. 

Analyzing the spectral response of Eucalyptus globulus (Labill.) Leaves attacked by Mycosphaerella spp., 
Lippert et al. (2015) observed that in both the visible and the infrared regions, autumn showed greater variations 
between infestation levels when compared to spring. 

5. Conclusion 
The spectral pattern for individuals submitted to water deficit was similar since the spectral behavior at the same 
stations does not change significantly. In contrast, a tendency of the wavelength responses in the region of visible 
green and near infrared was perceptible, since they are more efficient as well as more evident, especially in the 
fall season. 

We suggest the replication of this study in the field, with the monthly frequency of the collections and for a 
longer period of evaluation, in order to confirm the evidence found. For more accurate validations, it is 
recommended to correlate physiological growth and photosynthetic variables to the spectral behavior of the 
culture analyzed. 
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