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FLUORESCÊNCIA INDUZIDA PELO SOL, XCO2  E NDVI EM CANA–DE- 
-AÇÚCAR DO CENTRO-SUL DO BRASIL 

 

RESUMO - O sensoriamento remoto é uma ferramenta importante no 
monitoramento e na previsão da qualidade e da quantidade de cultivos. Nos 
últimos anos, surgiram satélites com melhores resoluções espaciais, temporais 
e, principalmente, novos produtos, como a fluorescência da clorofila induzida 
pelo sol (SIF), a coluna média de CO2 atmosférico (XCO2), além do Índice da 
Vegetação da Diferença Normalizada (NDVI). A cana-de-açúcar é o principal 
cultivo para a produção de açúcar e bioenergia no mundo. A hipótese deste 
estudo é que o SIF e o XCO2 têm correlação com a taxa fotossintética, e o NDVI 
avalia o vigor do dossel ligado à biomassa verde. O estudo teve como objetivo 
analisar a relação entre SIF, Xco2 e NDVI com a produtividade e o nível de 
açúcar da cana–de–açúcar.  O estudo foi realizado em locais representativos 
de uma das principais regiões de produção de cana-de-açúcar do mundo, na 
região Centro-Sul do Brasil. Quatro locais de estudo foram identificados para 
representar a região, sendo Pradópolis, Araraquara e Iracemápolis, no Estado 
de São Paulo, e Quirinópolis, no Estado Goiás, Brasil. Os dados foram 
coletados no período de 2015 a 2016, em  sistemas de dados orbitais. Para as 
análises meteorológicas, foram utilizados dados diários ajustados na escala 
mensal. Os dados de toneladas de cana por hectare (TCH, em t ha-1) e o 
açúcar total recuperável (TSR, em kg t-1) foram coletados de talhões de cana-   
-de-açúcar de empresas da região e estratificados por nível de município, no 
período entre abril e novembro dos anos agrícolas de 2015/2016 e  2016/2017. 
Foram observadas fortes correlações lineares negativas entre os valores 
médios de SIF e Xco2, provavelmente devido à forte taxa fotossintética 
associada à cultura da cana-de-açúcar. Ocorreram correlações negativas entre 
SIF e NDVI, devido à natural senescência das folhas em talhões maduros, 
compreendendo um grande período no ciclo da planta. O período de maturação 
também resultou numa correlação positiva entre Xco2 e NDVI devido à 
diminuição de atividade fotossintética em talhões. Houve relação de SIF, Xco2 
e NDVI com a produtividade e a quantidade de açúcar em cana-de-açúcar. O 
aumento de SIF correspondeu ao crescimento vegetativo da cana-de-açúcar, 
os valores de Xco2 indicaram o estabelecimento e a colheita do cultivo, e o 
NDVI, a fase de maturação da área. Foi possível estabelecer padrões sazonais 
de SIF, Xco2 e NDVI para o desenvolvimento do cultivo da cana-de-açúcar. 
Esses resultados indicam o potencial da SIF, Xco2 e NDVI na previsibilidade e 
no monitoramento de cultivos agrícolas. 
 
Palavras-chave: fenologia, MODIS, NASA/POWER, OCO-2, produtividade, 
sacarose 
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SOLAR-INDUCED FLUORESCENCE, XCO2 AND NDVI IN SUGARCANE IN 
THE SOUTH-CENTRAL OF BRAZIL 

 

ABSTRACT - Remote sensing is an important tool for monitoring and 
forecasting the quality and quantity of crops. In recent years, satellites with 
better spatial and temporal resolutions and, mainly, new products, such as the 
Solar-induced chlorophyll Fluorescence (SIF), the average column of 
atmospheric CO2 and normalized difference vegetation index. The Sugarcane is 
the main crop for sugar and bioenergy production in the world. Our hypothesis 
is that SIF and Xco2 have a correlation with the photosynthetic rate and NDVI 
evaluate the canopy vigor, linked to the green biomass of crops. Thus, the 
objective of this study was to analyze the relationship between SIF, Xco2, and 
NDVI with sugarcane yield and sugar level. The study was conducted in 
representative locations of one of the main regions of sugarcane production in 
the world, in the Center-South region of Brazil. Four study locations were 
identified to represent the region being, Pradópolis, Araraquara, and 
Iracemápolis in the São Paulo (SP) state and Quirinópolis in the Goiás (GO) 
state, Brazil. The data were collected in the period from 2015 to 2016 in orbital 
data systems. The meteorological analyses were used daily data adjusted in the 
monthly scale.  The data of tons of cane per hectare (TCH, in t ha-1) and total 
sugar recovery (TSR, in kg t-1) were collected from sugarcane plots of 
companies in the region and stratified by level of the municipality in the period 
between April and November of the growing seasons 2015/2016 and 
2016/2017. We observed strong negative linear correlations between the mean 
values of SIF and Xco2, probably due to the strong photosynthetic rate 
associated with the sugarcane crop. Negative correlations occurred between 
SIF and NDVI, due to the natural senescence of the leaves in mature plots 
comprising a large period in the vegetative cycle of the plant. The maturation 
period also resulted in a positive correlation between Xco2 and NDVI due to the 
decrease of photosynthetic activity in plots. There was a relationship of SIF, 
Xco2, and NDVI with the yield and sugar quantity in sugarcane. The increase of 
SIF corresponded to the vegetative growth of the sugarcane, the values of Xco2 
indicated the establishment and harvest of the crop and NDVI, the maturation 
phase of the area. It was possible to establish seasonal patterns of SIF, Xco2 
and for the development of sugarcane crop. These results indicate the potential 
of SIF, Xco2, and NDVI in the predictability and monitoring of agricultural crops. 
 
Keywords: phenology, MODIS, NASA/POWER, OCO-2, yield, sucrose 
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2.1 Introduction 

 

Climate change has caused a major impact on the economy and 

agricultural production, affecting sustainability in agricultural areas (DUDU; 

ÇAKMAK, 2017). One of the aspects, climate regulates the photosynthetic 

assimilation of CO2 and consequently the yield and quality of agricultural crops 

(SILVA et al., 2013; JENSEN; HERBST; FRIBORG, 2017). 

Sugarcane is the main crop of sugar and bioenergy  (PHAN et al., 2016). 

With high global demand for biofuels, Brazil and the United States, main ethanol 

producers, will need to increase production from 80 to approximately 200 billion 

liters by 2021(GOLDEMBERG et al., 2014; CARVALHO et al., 2016).  

Brazil stands out in worldwide for the greater quantity of sugarcane 

areas, 73.35 million tons in a harvested area around 10 million hectares. South-

central Brazil (São Paulo, Minas Gerais, Mato Grosso do Sul, Paraná, Mato 

Grosso, Espírito Santo and Rio de Janeiro, respectively) is responsible for 91% 

of the Brazilian production (IBGE, 2017).  

Sugarcane for being a C4 grass, has a high photosynthetic rate and high 

efficiency in the fixation of CO2 from the atmosphere, reaching about 100 tons 

of CO2 captured and fixed in biomass per hectare a year (LA SCALA JÚNIOR; 

DE FIGUEIREDO; PANOSSO, 2012).  

In the photosynthetic process, chlorophyll absorbs part of the solar 

radiation that re-emitted at longer wavelengths, with the peak at 757 nm, in a 

fluorescence process, enabling it to measure by high-resolution spectrometers 

due to atmospheric transparency at such wavelength.(KRAUSE; WEIS, 1991).  

These evaluations have been correlated to photosynthetic activity and 

the efficiency in biomass conversion on a global scale (GUAN et al., 2017; 

VERMA et al., 2017). In addition, Solar-Induced Chlorophyll Fluorescence (SIF) 

becomes an important measure in carbon cycling studies in the biosphere, 

linked to the issue of global climate change (FRANKENBERG et al., 2013). 

Several authors acknowledge the linear relationship of SIF with gross primary 

productivity (GPP) in C3 and C4 crops ( Liu et al., 2017a; Thum et al., 2017; 

Yang et al., 2017) and drought monitoring over croplands (LIU et al., 2018a, 

2018b). 
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In recent years, Normalized Difference Vegetation Index (NDVI) has 

been widely used in the estimation of GPP (WANG et al., 2017a), visualization 

of land use (SINGH; KIKON; VERMA, 2017), determination of phenological 

stages (CLERICI; WEISSTEINER; GERARD, 2012), leaf area index (LEE et al., 

2017), biomass (LIU et al., 2017b), the percentage of ground cover with plant 

residues (DEMATTÊ et al., 2016; GUAN et al., 2016), besides to the yields of 

crops such as maize (SHRESTHA et al., 2017), soybean (JOHNSON, 2014), 

and sugarcane (ZHAO et al., 2017a).  Despite all efforts, this technique is not a 

direct indication of photosynthetic activity and primary productivity such as SIF 

and Xco2.(GUAN et al., 2017). 

Recently, Column-averaged CO2 (Xco2) can be evaluated by satellites. 

Currently, there are six CO2 measuring instruments, the Atmospheric Infrared 

Sounder (AIRS), Scanning Imaging Absorption Spectrometer for Atmospheric 

Cartography (SCIAMACHY), Tropospheric Emissions Spectrometer (TES), 

Global Ozone Monitoring Experiment–2 (GOME-2), Thermal And Near-infrared 

Sensor for carbon Observations (TANSO-FTS), and Orbiting Carbon 

Observatory 2 (OCO-2) (CHANCE; MARTIN, 2017). It is also noted that 

temporal variations of Xco2 are relevant, as CO2 is the main gas of additional 

greenhouse effect, responsible for additional heating observed on the planet 

(HE et al., 2017).  

In the literature, there are studies that relate Xco2 in diverse 

environments with vegetable biomass (PARAZOO et al., 2013; HE et al., 2017), 

however, no study has been found relating Xco2 to agricultural crops, and a 

possible controlling factor such as SIF. 

Based on this information, our hypotheses are SIF correlates directly with 

the photosynthetic potential of the crops. Xco2 despite being an advective 

influence it is inversely correlated with the effective photosynthesis of vegetated 

surface, and NDVI correlates directly with canopy vigor and biomass. Thus, the 

objective of this study was to analyze the relationship between SIF, Xco2, and 

NDVI with sugarcane yield and sugar level. 

 

2.2 Material and methods 
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CAPÍTULO 3 – Considerações finais 
 

A adaptação dos cultivos à variabilidade climática, principalmente em 

relação ao aumento do CO2 atmosférico, torna-se importante para o suprimento 

da alta demanda de alimentos devido ao crescimento populacional. O 

fornecimento de grandes quantidades de dados em tempo real, com ótimas 

resoluções espaciais e temporais por meio de ferramentas de sensoriamento 

remoto, contribui para o entendimento dos processos fotossintéticos em função 

das fases fenológicas dos cultivos em escalas globais, regionais e locais.  

Este estudo mostrou que há uma relação da Fluorescência de Clorofila 

Induzida pelo Sol (SIF), coluna média do CO2 (Xco2) e Índice de Vegetação por 

Diferença Normalizada (NDVI) com a produção de açúcar e a qualidade da 

cana-de-açúcar. Pois o aumento do SIF indicou o crescimento vegetativo da 

cana-de-açúcar, os valores de Xco2 indicaram o estabelecimento e a colheita, e 

o NDVI, a maturação da cultura. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 




