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Extended Abstract

Introduction

Phenology is a key indicator in plant growth and plays an important role in monitoring vegetation.
Monitoring seasonal variations in vegetation activities and crop technology over large areas is
essential for many applications, including estimating initial net production time to model crop
performance and supportive water supply decisions. On the other hand, extracting this important
information requires a lot of time and money. The southeast of Fars Province in Iran has a very
favorable climate and environmental conditions for citrus growth and thus the region is one of the
most important citrus cultivation spots in Iran. Given the significance of citrus cultivation in the food
production of the country as well as its important role in regional economics, planning in the field of
citrus phenological information in this region solve many challenges in the agricultural sector in the
region. In other words, knowing the plant phenological status in citrus orchards can play an important
role in planning and managing climate change and ultimately the development of the agricultural
sector of this province. In this regard, this study aims to estimate the main phenological stages of
orange trees using remote sensing.

Methodology

In the proposed study, MODIS images (2006-2016) were employed. The images were downloaded
for 10 days. The remotely sensed images were used to extract vegetation indices including NDVI,
EVI, and TCI to modeling the phenology of the orange trees. Also, 1/25000 maps of Iran National
Cartographic Center were used as the spatial reference for the images geo-referencing.

The meteorological data including daily maximum and minimum temperature, relative humidity,
and precipitation were collected from the Darab Agrometeorology station. The phenological data
including the onset and end of each phonological period of orange trees which were being observed
from 2006 to 2016 at the Agrometeorology Station was used in this study.
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In this study, the three most widely used remote sensing indices were investigated to evaluate the
health and status of vegetation and temperature conditions. The normalized difference vegetation
index, vegetation status, and temperature condition index were calculated to compare the results of the
remote sensing and traditional harvesting of plant phenological stages. To observe the effect of
moisture on vegetation, the charts of normalized maximum temperature, normalized maximum
moisture, and normalized difference vegetation index were plotted for all the years.

Discussion

The phenological stages of citrus had 9 main phases and 97 sub-phases, out of which 6 main stages
were presented to the researchers and were investigated. The 6 main phenological stages of oranges
are as follows:

Leaf bud and fruit formation, leaf bud and fruit flourishing, fruiting and leaf growth, fruit and leaf
growth, fruit ripening, and sleep cycle.

To interpret these stages, the charts of normalized maximum temperature and normalized
temperature condition index obtained from the MODIS satellite images were plotted for all crop years.

The variation of Tem .« was correlated to the growing stages of orange trees. In the other words,
the normalized temperature condition index obtained from the satellite images properly indicated the
temperature variations. Moreover, the temperature change charts properly showed the changes in the
duration of the phenological stages of orange trees.

Conclusion

To investigate the effect of temperature variations on different phenological stages of orange trees,
the normalized maximum temperature and normalized difference vegetation index were plotted for all
the crop years. At each point where the peak of the normalized maximum temperature was observed,
the peak in the normalized difference vegetation index was also found at a very small distance. In
other words, when the temperature increased, the conditions were favorable for increasing vegetation
and the plant begins to grow.

Finally, to evaluate the performance of remote sensing indices in expressing changes in
temperature and vegetation conditions, the correlation coefficient between remote sensing indices and
ground data was calculated in pairs. Since the study area was arable land and human factors were
involved in plant growth, the resulting correlation coefficients were small. The results of calculating
the correlation coefficients indicated that the indices obtained from remote sensing using satellite
images can properly show the changes in the main phenological stages. On the other hand, these
indices can be produced daily and the trend of changes can be seen without harvesting and
physical observation of the product.
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fig 2: Graphs of NDVI and TCI changes in expression of changes in maximum humidity and
maximum temperature and corresponding stages of orange tree phenology
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fig 3: Graphs of NDVI and TCI changes in expression of changes in minimum humidity and
minimum temperature and corresponding stages of orange tree phenology
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Table 2: Correlation coefficient for remote sensing indices and ground indices
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stages of orange tree phenology
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Table 3: Coefficients of remote sensing indices in linear regression of ground indices
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