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ABSTRACT: The use of satellite images as a complement in irrigation management constitutes a primordial 
basis in the decision-making process for irrigated agriculture. In this context, the present study aimed to 
monitor through Normalized Difference Vegetation Index (NDVI) an irrigated sugarcane field belonging 
to the Mafambisse company, located at the District of Nhamatanda/Sofala, Republic of Mozambique, and 
establish its relationship with the crop coefficient established by FAO (kcFAO) and fit a regression model to 
estimate crop coefficient (kc) from the relationship between NDVI and kcFAO. The study was conducted using 
a series of Sentinel-2A/MSI images, relative to the period from October 2016 to October 2017. Based on the 
NDVI images generated, it was possible to monitor the sugarcane crop in the field and analyse the sensitivity 
of the index to its vegetative vigor. A similar pattern was observed between kcFAO profiles and NDVI values, 
which allowed the adjustment to be performed, demonstrating that this index is an alternative to obtain the 
crop coefficient.
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Monitoramento espaço-temporal da cana-de-açúcar e estimativa
do coeficiente de cultivo por meio do NDVI

RESUMO: O uso de imagens de satélites como complemento na gestão de irrigação constitui uma base 
primordial no processo de tomada de decisão para a agricultura irrigada. Nesse contexto, o objetivo do 
trabalho foi monitorar, por meio do Índice de Vegetação por Diferença Normalizada (IVDN), a cultura da 
cana-de-açúcar irrigada pertencente à empresa Mafambisse, localizada no Distrito de Nhamatanda/Sofala, 
República de Moçambique; e estabelecer sua relação com o coeficiente da cultura estabelecido pela FAO 
(kcFAO) e ajustar um modelo de regressão para estimar o coeficiente de cultivo (kc) a partir da relação entre 
IVDN e kcFAO. Para a condução da pesquisa foi utilizada uma série de imagens Sentinel-2A/MSI, referente 
ao período de outubro de 2016 a outubro de 2017. Por meio das imagens geradas de NDVI foi possível fazer 
o acompanhamento da cana-de açúcar em campo e analisar a sensibilidade do índice no vigor vegetativo da 
cultura. Observou-se padrão semelhante entre os perfis de kcFAO e os valores do NDVI, tornando possível a 
realização do ajuste, demostrando que esse índice é uma alternativa para obtenção do coeficiente de cultivo.
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Introduction

Monitoring crops in the field based on remote sensing, 
through satellite images, to calculate vegetation indices 
currently constitutes a gain for irrigated agriculture (Li et al., 
2013; Gao et al., 2017), because it is viewed as a complementary 
resource of irrigation management (Alves et al., 2014; 
Agrosmart, 2017).

Among the vegetation indices developed, the Normalized 
Difference Vegetation Index (NDVI) is the most used, due to 
its sensitivity to the presence of pigments that participate in 
photosynthetic processes (Formaggio & Sanches, 2017), as well 
as its easy application, allowing rapid and efficient detection of 
variations in the vegetation (Bernardi et al., 2014). This fact occurs 
because the spectral signature of the green, healthy vegetation 
shows evident contrast between the visible and near infrared 
regions, which are used by the NDVI (Shimabukuro et al., 1998).

Risso et al. (2012), analysing the application of NDVI with 
other indices in the soybean crop, concluded that NDVI had 
the best performance. Ribeiro et al. (2017) also concluded that 
NDVI was efficient in differentiating the distinct periods of 
cultivation in the corn crop.

An important application, among others, in the analysis 
with NDVI is related to the estimation of crop coefficient 
(kc). As the attribution of kc values is directly related to crop 
phenological cycle, some studies have suggested that temporal 
profiles of NDVI can be used to obtained kc values (Singh & 
Irmak, 2009; Kamble et al., 2013; Cattani et al., 2017).

Thus, the present study aimed to perform a spatial-temporal 
monitoring of sugarcane based on NDVI images, under center 
pivot, considering the irrigated perimeter of the Mafambisse 
company, located in Mozambique, and adjust a regression 
model to estimate crop coefficient (kc) from the relationship 
between NDVI and kcFAO.

Material and Methods

The study was conducted using data obtained in the 
Republic of Mozambique, a country located in Southeastern 
Africa (Figure 1A), georeferenced between the parallels 10º 27’ 
and 26º 52’ S latitude and between the meridians 30º 12’ and 
40º 51’ E longitude, datum WGS84, sexagesimal geographic 
coordinates (Figure 1B). It has 11 provinces, with coast 
extension of 2,500 km, occupying an area of 799,380 km2.

The Mafambisse sugar company, located in the district of 
Nhamatanda/Sofala, has 2,626 ha of sugarcane irrigated by 41 
center pivots (Figure 1C). The district is located between the 
coordinates 19o 36’ 57” S and 34o 44’ 19” E, datum WGS 84, 
sexagesimal geographic coordinates, at mean altitude of 44 m 
above the sea level. The District of Nhamatanda is partially 
inserted in the Pungwe River Basin, in the Beira corridor, a 
place used to catch water for irrigation.

The mean annual rainfall of the district varies from 1,000 
to 1,460 mm, with mean annual temperature of 27 ºC, and 
minimum and maximum temperatures of 14 and 33 °C are 
observed in July and January/February, respectively. According 
to Köppen’s climatic classification, the climate of the district 
is encompassed by the zone of transition from rainy tropical 
to steppe climate, with dry season in the winter (MAE, 2005).

The areas irrigated by center pivots of the Mafambisse 
company have clay sandy soils. The sugarcane cultivars used 
in the area are: N14, N21, N25, N27 and N32, and N14 is the 
most used.

The center pivots of the study area were monitored by the 
Sentinel-2A satellite. Free images were obtained at the Earth 
Explorer website belonging to the United States Geological 
Survey (USGS). The necessary information was generated 
using the bands 4 and 8, which corresponded to red and near 
infrared, respectively. The images used in the monitoring are 

Figure 1. Geographic location of the study area: African continent (A), Republic of Mozambique (B) and center pivots of the 
Mafambisse company - District of Nhamatanda/Sofala (C)

A.
B.
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of the following dates: 21/10/2016, 10/11/2016, 10/12/2016, 
29/01/2017, 09/04/2017, 08/06/2017, 17/08/2017, 26/09/2017, 
16/10/2017 and 26/10/2017.

After acquiring the images and in order to minimize the 
atmospheric effect on the reflectance data captured by the 
sensor, atmospheric correction was carried out by the Dark 
Object Subtraction (DOS-1) method using the Semi-Automatic 
Classification Plugin (SCP), available in QGIS 2.16.3 software 
(Congedo, 2016).

Images with clouds were disregarded, except the image of 
center pivot 4, date 29/01/2017, which was kept in order to have 
a standard of dates with selected images of the center pivots, 
but the values corresponding to the clouds were extracted 
from the statistical analyses. The selected and analysed images 
encompassed different phases of the sugarcane phenological 
cycle.

In order to monitor the crop in the field, NDVI was 
calculated from the acquired images. The program QGIS 2.16.3 
(QGIS Development Team, 2016) was used as a computational 
tool.

Areas of five center pivots of the Mafambisse sugar 
company, represented in Figure 1C, were selected for NDVI 
calculation using Eq. 1 (Moreira, 2011).

From the values of crop coefficient (kc) obtained by the FAO-
56 bulletin, referred to here as kcFAO, and the average values of 
NDVI, estimated for the sugarcane crop considering the data 
of pivot 2, a simple linear regression model (Eq. 2) was adjusted 
in order to formulate an equation that is able to estimate crop 
coefficient with NDVI values, referred to as kcNDVI.

NDVI
NIR R
NIR R

=
−( )
+( )

where:
NDVI - Normalized Difference Vegetation Index;
NIR  - reflectance of near infrared band (band 8); and,
R  - reflectance of red band (band 4).

NDVI values range from -1 to 1, and areas occupied by 
denser vegetation tend to present NDVI close to 1 (higher 
vegetative vigor). Areas composed of water bodies or with 
presence of clouds have higher capacity of absorption in both 
bands, but the reflectance in the red band is higher than that in 
the near infrared band, which causes the values to be negative 
(Ponzoni et al., 2012; Cordeiro et al., 2017).

In exposed soil or less dense vegetation, positive values 
close to zero are obtained because under this condition there 
is higher absorption of radiation in the near infrared band, 
which explains the low values of NDVI (Lima et al., 2013).

Pixels with lower values, 0 to 0.05 range, received red color, 
representing exposed soil; pixels with variation from 0.05 to 
0.26 received a salmon color (pinkish orange), representing 
a recently planted area, so that it is similar to the spectral 
behavior of exposed soil (Formaggio & Sanches, 2017), or 
even areas with some process of degradation (Rodrigues & 
Rodrigues, 2012); beige shade (close to white) was attributed 
to the range from 0.26 to 0.47, representing areas with little 
biomass; the set of pixels in the range from 0.47 to 0.69 received 
a light green color, representing areas with green but still scarce 
vegetation, which may be related to vulnerable health of the 
crop (not healthy or under any water deficit) or even to the 
process of maturation; and the set of pixels with highest values, 
from 0.69 to 0.90, received a dark green color, representing 
higher vegetative vigor of the crop.

(1)

y a b xi i= +0 (2)

where:
y  - dependent variable, kcNDVI;
xi  - independent variable, average NDVI; and,
a0, bi  - adjusted coefficients of the linear model.

To validate the regression equation fitted for pivot 2, this 
equation was applied to the average NDVI data of pivot 1. The 
quality of the data obtained between estimated and observed 
values was assessed by correlation, determination coefficient (R2), 
t-test at 0.05 significance level, and standard error of the estimate.

Results and Discussion

NDVI results of the five pivots analysed are represented in 
Figure 2. In general, it can be observed that the variation in 
NDVI due to the phenological cycle of the crop, i.e., in response 
to the increase and decrease in sugarcane vegetative vigor. 
Maximum values of NDVI, close to 0.8, were recorded from 
the date of 29/01/2017, which means that the crop reached its 
highest vegetative growth. The increase in the vegetation index 
expresses the gain of biomass, while the reduction indicates 
that the crop begins its maturation process, in which there is 

Figure 2. Normalized Difference Vegetation Index (NDVI) 
results of the five center pivots analysed: pivot 1 (A), pivot 2 
(B), pivot 3 (C), pivot 4 (D) and pivot 5 (E)
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accumulation of saccharose. In this phase or at the beginning 
of crop phenological cycle, when the soil is exposed, the NDVI 
values were low, close to 0.2. According to Lima et al. (2013), 
under this condition, there is higher absorption of radiation in 
the near infrared band, which explains the low values of NDVI 
in the initial stages of the phenological cycle.

NDVI images of the analysed pivots are represented in Figure 
3. Lower values are associated with the red color, corresponding 
to exposed soil, whereas higher values are associated with green, 
expressing good vegetative vigor of the crop.

It can be observed in pivot 1 (Figure 3A), on the first two 
dates analysed, the presence of exposed soil, and the spectral 
behavior of the soil is dominant in this period. Highest 
vegetative vigor was observed on the dates 29/01/2017 and 
09/04/2017, corresponding to the highest photosynthetic 
activity of the crop in the field. From 08/06/2017, vegetative 
vigor begins to decrease, represented by the sparse green color, 
which corresponds to the beginning of the crop maturation 
process, extending until 26/09/2017. It can be noted that 
harvest began after 26/09/2017, and that on the last date 
evaluated (26/10/2017) the soil became exposed again, closing 
the phenological cycle of the sugarcane crop.

Similar behavior was observed in the pivots 2 and 5, 
Figures 3B and E, respectively. Lopes et al. (2011), studying the 
spatialization of soil moisture based on surface temperature 
and vegetation index, concluded that there is a direct 
relationship of sugarcane density and NDVI, a fact observed 
in the present study. It should be pointed out that for pivot 5, 
on the first date, the crop was still being harvested in the field, 
with occurrence of exposed soil on the next date.

It is also important to highlight that, in general, sugarcane 
NDVI begins to decrease from the seventh month of the crop 
cycle on, indicating maximum value of leaf area and a slow 

Figure 3. Temporal image of Normalized Difference Vegetation Index (NDVI) for the five center pivots analysed: pivot 1 (A), 
pivot 2 (B), pivot 3 (C), pivot 4 (D) and pivot 5 (E)

growth in this phase, corroborating the data reported by Lucas 
& Schuler (2007).

Formaggio & Sanches (2017) report that a recently planted 
area has a similar spectral behavior to that of exposed soil, a fact 
observed in pivot 3 (Figure 3C) on the dates 11/10/2016 and 
12/10/2016, when there were surrounding rings with color of 
exposed soil. This fact is possibly associated with the existence 
of some problem related to water distribution by the sprinklers 
in this period; however, the same ring was not observed with 
the same intensity on the subsequent dates. Therefore, it can 
be stated that the problem was attenuated.

In pivot 4 (Figure 3D), the existence of the crop in the field 
can be observed already on the first date evaluated, despite 
the occurrence of some irregularities in the vegetation, and 
highest vegetative vigor was found on the dates 29/01/2017 
and 09/04/2017. On 17/08/2017, this pivot had exposed soil 
and, subsequently, some vegetation in the field, representing 
the beginning of a new production cycle.

Ribeiro et al. (2017) report that digital processing of 
satellite images allows producers to identify abnormalities in 
the field and make corrective decisions along the season, hence 
obtaining better results. Thus, based on the NDVI image of 
pivot 4 (Figure 3D), it can be observed that, on the first three 
dates, green stripes that may represent some problem with 
sugarcane establishment in this period, also combined with 
the problem in irrigation management. On 08/06/2017, it is 
possible to note the beginning of the crop maturation process 
and the occurrence of rings again, with trend of exposed soil.

Figure 4 presents the adjusted equation based on the 
relationship between average NDVI and kcFAO, considering the 
area of pivot 2. It can be observed that 71% of the variation in 
kcFAO value can be explained by the variation in the average kcNDVI 
of the sugarcane crop in the field. Based on the p-value obtained, 
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it is possible to affirm that the adjustment was significant. This 
result was also found by Singh & Irmak (2009), evidencing high 
correlation between kcNDVI and kcFAO values when establishing 
the relationship between NDVImax and kcFAO for corn and 
soybean crops in the Central South region of Nebraska state. It 
is important to point out that considering the average values of 
NDVI in this analysis led to obtaining better data adjustment, 
because there is a better representation of the crop in the field.

The average values of kcNDVI of pivot 1 were calculated using 
the adjustment equation shown in Figure 4. In the comparison 
between kcNDVI and kcFAO profiles (Figure 5), the curves showed 
a similar behavior. It can be noted that kcFAO had a slightly 
superior behavior compared to the other curves. Such behavior 
is due to the sensitivity of NDVI to crop vegetative vigor, besides 
considering the variability existing in the area, relating it to 
biotic and abiotic aspects. It is worth highlighting that kcFAO, 
for not being related to the above-mentioned characteristics, 
will provide average estimates, whereas kcNDVI highlights 
areas with lower and higher water demands. However, the 
statistical analysis applied to these results showed, for pivot 2, 
determination coefficient of 0.73, correlation of 0.86, standard 
error of the estimate of 0.11, and p-value of the regression of 
0.0016, hence considered as significant. In pivot 1, the results 
were similar: 0.50, 0.71, 0.16 and 0.02, respectively.

Corroborating the results obtained in the present study, 
Esquerdo et al. (2011), analysing temporal profiles of NDVI 
generated from remote sensing data, with VGT-S10 product, 
for the soybean crop in Western Paraná, found similarity 
between kcNDVI and kcFAO curves.

Bezerra et al. (2010) claims that the spectral reflectance 
of agricultural crops was able to provide an indirect estimate 
of kc values, a fact that can be observed in the present study, 
through the curves of kcFAO and kcNDVI, therefore highlighting 
that NDVI can be used as an indirect alternative to obtain the 
sugarcane crop coefficient, also in accordance with Oliveira 
et al. (2016).

Conclusions

1. Normalized Difference Vegetation Index (NDVI) calculation 
per center pivot proves to be effective in the monitoring of 
sugarcane crop in the field, and it is possible to perform both 
spatial and temporal analyses of the crop in the field.

2. NDVI can be used as an alternative to obtain the 
sugarcane crop coefficient.
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