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Abstract

With this study, using remote sensing technique, a data base which covers data on the
electromagnetic energy reflections of various kinds of plants has been formed with the purpose
of determining crop patterns. A 1/5.000 scale cadastral map was used as topographic map for the
purpose of using remote sensing technique more effectively and sensibly for such crops as
cotton, maize and sun flower of which the agriculture is exercised widely in Torbali township and
in this context in all the Aegean Region.
In the current study, August 2001 dated Landsat 7 satellite images of the region were interpreted
and ground realities and satellite images of the agricultural crops with high economic value
which are widely cultivated in the region were overlapped and their values of reflection were
determined. Images thus obtained were overlapped with 1/5.000 cadastre maps and product
varieties could be determined at the basis of large section of a map, plot and parcel. Separately
Article Info collaboration with technical personnel from the Directorate of Torbali Township Agriculture was
achieved in field and lab studies, and by transferring the data obtained into their computers,
tangible steps were taken in the direction of applying technology at the basis of the Township. As
Received : 12.05.2012 a result, an important and basic database was formed that could be used for the payout of
Accepted : 11.09.2012 incentive premiums to the local organization for various crops or that could render functionality
to the implementation of Agricultural policies based on record system.
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Introduction

Today, used for various purposes, each of the satellites has different resolutions. There is a need for satellite
images of different agricultural applications such as determining the areas of plantation, monitoring crop
improvement and agricultural fields.

Since the advent of multi-spectral remote sensing in the 1970s with the launching of the first satellite of the
Landsat series, agriculture has benefited from this technology, being one of the first domains in which
operational applications were developed. Crop identification and surface estimation for the purpose of
agricultural statistics, through the combination of area frame sampling and estimation by regression with
supervised classification of remote sensing data, are perhaps some of the best examples (Pinter et al. 2003).

Remote sensing data have been increasingly applied along the last three decades to assess agricultural yield,
production and crop condition (Wiegand et al. 1979; Ren et al. 2008). Thanks to this technique, it is possible
to reach the data required for the natural resources and the results aimed in a short time with great accuracy
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and low cost. Satellite images which are used especially in agricultural areas with great functionality are on
the agenda as an important data source for monitoring agricultural areas, getting area-based information
about soil and crop patterns. Hansen et al. (2000) derived temporal metrics from a full year of AVHRR data
and exploited the temporal changes in reflectance/ NDVI/brightness temperatures to successfully
discriminate global land cover types. The use of Landsat scenes acquired at different seasons and/or years to
improve land cover classifications is certainly not a new concept.

This would particularly apply to the agricultural sectors (Wardlow and Egbert, 2002), although the
continuously changing character of agricultural areas at various spatial and temporal scales in response to
management decisions, agricultural policies, prices, irrigation water availability and environmental factors,
among others, makes remote sensing technology a useful tool for application in this field. One particular
example of the underutilization of remote sensing data in agriculture is the application to map multi-year
cropping patterns and/or crop rotations. Although it is well known that one of the main advantages of
remote sensing from satellites is the synoptic and repeated collection of data, which allows time-series of
accurate information on the spatial distribution of crops over large areas (Bastiaanssen et al., 2000;
Panigrahy and Chakraborty, 1998).

Panigrahy and Sharma (1997) based their method on the definition of the spectral signatures of crop
rotations and subsequent supervised classification from four multi-spectral images corresponding to four
crop seasons within an agricultural year. On the other hand, Raupenstrauchk and Selige (1998); Paoli et al.
(2003) first derived multi-temporal crop maps produced by supervised classification of remote sensing data.
Then these maps were used to derive crop rotation maps by means of GIS analysis. In order for a
contemporary and effective national agricultural policy to be applied, there is a need for databanks
containing information about different product patterns. Extensive vegetation surveys allow the
combination of floristically defined plant communities with satellite data in order to map spatial distribution
of vegetation (Aragon and Oesterheld, 2008; Zak and Cabido, 2002). With the use of satellite technology at
the parcel basis for attaining agricultural inventory, crop patterns and their values were formed for the first
time and as a whole in computer.

Material and Methods
Material

Preparing topographic maps : In order to work out satellite images and to form a database in conformity
with a structure based on geographical features, a digital topographic map was established. 115 sections of
big maps in 1/5.000 scale which involve parcels and topographic data about the region were used. Data on
the scales and the coordinates of sections of big maps were registered by using software Geomedia, and the
mosaic of the township Torbali was formed (Fig. 1).

With the help of this GIS-featured software, cadastre maps were formed by drawing the roads, canals, beds
of streams and rivers by using screen digitalization method. Data given on the topographic map (Fig. 2) were
digitalized in the form of layers for each element following the rules of geographical data system.
Rectification of the satellite images were realized by using digital topographic maps (Fig. 3).

Data collection: Types of crops were determined in the parcel basis through field studies in order to
determine different crop patterns, also ratios of accuracy of the satellite images, of different crops which
were cultivated between spring and Autumn in 2008. Lab and field studies were realized by using 1/5.000
scale cadastre maps.

Depending on the calendar of crop development of some crops that show distribution in the study field, the
earth-covering ratios of the green vegetation and their features of reflecting electromagnetic energy were
determined by the help of hand spectrometer in harmony with satellite sensing instruments.

Comparing the measured degrees of electromagnetic reflection and the reflection values in the satellite
images, reflection features of the elements were determined. Processes of image rectification, forming false
color composite, enrichment, filtration etc. were conducted respectively. Cadastre maps which were
corrected and which involve parcel data in AO dimensions of cadastre sections of big maps were used in
determining crop patterns in parcel basis by overlapping them with satellite images.
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Figure 2. Topographical map of the Township of Torbali formed by using cadastre sections of big maps, 1/5 000 in
scale.

Forming Database: Places of crop patterns determined by field studies were also determined on the
satellite images. Digital reflections of each crop pattern, being at least 100, were determined for 3 band and
data tables were prepared. Their evaluation was made by using SPSS statistical software and their
arithmetical means, standard deviations, most/least recurrences and minimum/maximum reflection were
investigated. Analyzing the data obtained this way, intervals of reflection values of both crops in the satellite
images were determined in regions of near, middle infrared and visible red light. In order to predict the
plant cover through satellite images without in situ observation, in other words, for the purpose of better
understanding the content of satellite images, a database was formed using Geomedia-Access(GIS) software
taking reflection intervals for every crop as basis. So, within the framework of questioning rationale, it
became possible to reach crop varieties when intervals of reflection are entered and to reach intervals of
reflection when crop varieties are entered.
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Figure 3. Landsat 7 ETM image cut on the basis of the borders of Torbali township
(August 2001, 453 band combination).

Forming Database: Places of crop patterns determined by field studies were also determined on the
satellite images. Digital reflections of each crop pattern, being at least 100, were determined for 3 band and
data tables were prepared. Their evaluation was made by using SPSS statistical software and their
arithmetical means, standard deviations, most/least recurrences and minimum/maximum reflection were
investigated. Analyzing the data obtained this way, intervals of reflection values of both crops in the satellite
images were determined in regions of near, middle infrared and visible red light. In order to predict the
plant cover through satellite images without in situ observation, in other words, for the purpose of better
understanding the content of satellite images, a database was formed using Geomedia-Access(GIS) software
taking reflection intervals for every crop as basis. So, within the framework of questioning rationale, it
became possible to reach crop varieties when intervals of reflection are entered and to reach intervals of
reflection when crop varieties are entered.

Results and Discussion

In areas of Torbali township which have survived their ecologic life under the effect of Mediterranean
climate, a number of cultural plant cover find life during the periods of summer and winter. In the current
study, concentration was on plant cover in the interval of the wavelength of 0.76-0.90 um which the crops
reflect most. The interval of 1.55-1.75 um covering middle and far infrared and 0.63-0.69um wavelengths
which involve together the reflection data about plant and soil in the visible region were taken into
consideration. Reflection values about the plants mentioned were determined in bands 3, 4, and 5 of Landsat
7, which involve energy in wavelengths of red, near and middle infrared region.

Casasnovas et al. (2005) investigated that at Zaragoza, 7-year time-series (1993, 1994, 1996, 1997, 1998,
1999 and 2000) of crop maps derived from Landsat 7 ETM images were used to obtain the implicit spatial
relationships between crops in the study area, from which the cropping patterns were mapped. For each
year, the crop maps were produced by supervised classification of spring and summer scenes (two or three
scenes/year) in order to better characterize the different crops and land uses present during the year. The
images were processed and classified in the CITA (DGA). The method used was the maximum likelihood
classifier. The ground-truth areas were automatically selected from field-sampled segments. The land use
classes mapped were: winter cereals, rice, sunflower, maize, alfalfa + forage, uncultivated land (includes
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mainly fallow and other uncultivated enclaves), pines and other classes. This last class includes pixels that
were not classified in any other of the established classes because of their low probability of belonging to
any of them. Water and urban areas were digitized from existing maps and superposed in the final crop
maps. Confusion matrices used the same ground truth to both train and evaluate the supervised
classifications. After the classification process, a 95% confidence level threshold and a 3x3 majority filter
were applied (Barbosa et al. 1996; Martin-Ord onez et al. 2000).

Once the typical-location areas of the crops have been mapped, it is necessary to know which other crops
were present at these locations in any of the years in which the main crop was not present. To achieve this,
GIS cross-classification operations in Idrisi32 were applied to map all existing combinations between the
typical-location crop maps and the frequency distribution maps of each crop. Crossclassification can be
described as a multiple overlay showing all existing combinations of the logical operation (Eastman 2002).

Multispectral and hyperspectral imaging systems (i.e., satellites, spectroradiometers, and digital cameras)
capture digital images at specific wavelengths of light reflected from plant leaves (Hansen and Schjoerring
2003; Schuerger et al. 2003; Huang et al. 2004). A variety of spectral measures that relate to nitrogen and
chlorophyll content or other plant stresses have been developed (Curran et al. 2001). As leaves become
more chlorotic, reflectance increases and the reflectance peak normally centered at about 550 nm, broadens
towards the red as absorption of incident light by chlorophyll decreases. These changes are perceived
visually as a yellowing of the leaf (Adams et al. 1999).

Cerqueira Leite et al. (2010) propose a Hidden Markov Model (HMM) based technique to classify agricultural
crops. The method uses HMM to relate the varying spectral response along the crop cycle with plant
phenology, for different crop classes, and recognizes different agricultural crops by analyzing their spectral
profiles over a sequence of images. The HMM based method achieved 93% average class accuracy in the
identification of the correct crop, being, respectively, 10% and 26% superior to multi-date and single-date
alternative approaches applied to the same data set.

Traditional approaches to land cover classification from remotely sensed data have typically relied on
statistical classifiers such as supervised Maximum Likelihood Classifiers (MLC) or unsupervised
isoclustering techniques. Increasingly, advances in the fields of pattern recognition and machine learning
have led to the application of decision tree and neural network classifiers, particularly with regards to land
cover classifications at global to continental scales (Friedl et al. 2002; Hansen et al. 2000) classifiers.

With this goal in mind, of the plant specious of which the places of growth were determined at the parcel
basis at the end of the field study, places in the satellite images were determined in lab and in electronic
medium (Fig. 4). Pixel samples were formed for each kind crop from every part of Torbal and reflection
values of each pixel in the bands of 3, 4, and 5 were determined. The highest and the lowest values of these
data were omitted with statistical evaluation logic and they were transferred to SPSS statistical software. At
the end of the current study of which the aim was determining plant cover through satellite images using
numeric values, the least and the highest intervals of reflection for each crop were determined within 3
bands and at the same time, numerical data on the values of most frequent repetition and arithmetic means
were determined.

Sampling was made by investigating pixel reflection values of each crop pattern in satellite images. As a
result of this study, when reflection values of the above mentioned crops in near infrared region (band 4)
were examined, it was determined that cotton gave the highest reflection in summer period and wheat gave
the highest reflection in winter season. It is also determined that trefoil is another crop that gives the highest
reflection values but since its areas of cultivated are small, it was not included in the current study (Fig. 5, 6).

Feature of electromagnetic reflection of some of agricultural crops cultivated intensively in Torbali region
and features of being seen numerically in the satellite images are explained below taking two crops as basis.
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Figure 4. Parcel-based crop differentiation with 1/5.000 scaled cadastral map using Landsat 7 ETM images
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Figure 5. Reflection features of plant coverage in ~ Figure 6. Reflection features of plant coverage in summer season
winter season in Torbali region in Torbali region

More than 200 pixel sampling were made for both types of crops. When resulting data were examined, it was
observed that the crop with the highest rate of earth covering has the highest near ultra-red wave length. On
the other hand, crops with reflections of medium ultra red wave length had the lowest numeric values.

The use of temporal information for classifications provides benefits at both fine and coarse resolutions.
These benefits can easily be explored with decision tree classifiers, as they can provide indications of the
relative importance of particular attributes or dates for certain land cover classes, and their interactions, or
be used as a tool for data reduction or feature space exploration (Hansen et al. 1996).

Karagiillii et al. (1998), within the framework of the Project of In-situ Preservation of Genetic Diversity, have
formed databases in regions of Kazdaglar1 National Park, Ceylanpinar Agricultural Business Unit, Bolkar
Mountains and Aladaglar for grass species like wheat, barley, chick peas and lentil; and trees like plum, chest
nut, fir tree, cedar, pine tree, pear, apple, wall nut; and pistachio. Databases for the distribution areas of
these crop patterns, distributions of areas in square meter, and water needs climate were determined.

Roy and Tomar (2001), in Meghalaya Region in Northeast India, determined quantitatively the changes and
different tree patterns in forest covered areas during the period of 1980-1995 using ERS satellite images. As
a result, they found out that the percentage of forest covered areas fell from 69.06 % to 63.09% and of the
areas not covered with forest increased from 27.51% to 36.80.

Delli (1998) tried to determine, from Landsat TM images of April and October 1996, poplar planted areas
and the amount of wood in a region of 14870 ha in Konya-Eregli. As a result, insufficiency of resolution of
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Landsat TM images led to the orchards in the region to have similar spectrums. Due to this confusion, it was
concluded that it would not be fruitful to try to determine poplar plantations using Landsat images.

Tugac et al. (2001), in a study they conducted in Central Anatolia, formed an agricultural database involving
information about the geographical location of the research area, soil and land use geology, climate,
topography and production in the past years. Using these data and different modules of three dimensional
Arcview software, they determined different modules for the purpose of establishing parcels and crop
patterns that will build up a basis for the present agro-centered land-use planning; of bringing about
important soil components that are important in determining the structure of soil and the distribution of
elements in the soil; and of finding appropriate areas involving optimum conditions for the type of crop.

Oldeland et al. (2010), try to a new approach that uses high spatial resolution hyperspectral datasets to map
vegetation units of a semiarid rangeland in Central Namibia. In their opinion, there is a great potential for
the communities of remote sensing and ecological scientists to use these types of predictor variables for
improving vegetation mapping approaches based on multivariate relationships.

Ercan et al. (2002) formed the inventory of the hybrid poplar planted areas in plains of Adapazari and Diizce
by making use of remote sensing data. As satellite data, they used SPOT IV (Multi-spectral-4 band) images
belonging to June, 2000.

Jakabauskas et al. (2002), in a study they conducted in Kansas (USA), determined crop patterns in an of
approximately 1300 km?2 where irrigated and rain fed agriculture is applied using Meteosat satellite images.
As a result of their study, they classified the oat and maize planted areas that form the crop patterns for
irrigated regions, and wheat planted areas that form the crop patterns for dry cultivation regions. Areas of
weed plantation were determined as 25% while pasture areas were determined to be a 50%. In irrigated
areas maize was 44% and oat was 48%. Remaining 8% belonged to other irrigated crops.

Of the plant covers taking place in Torbali, and of which the reflection values have been examined within the
framework of this study, cotton and clover give the highest reflection values compared with digital reflection
features that can be sensed through remote sensing devices of Landsat 7 (Table 1).

Wheat: Effective coverage of the areas by wheat in Torbali occurs only in April and May. In May, crops begin
to turn yellow in places and in June nearly all of the crops turn yellow and they are harvested. It has been
observed that high reflections seen in near infrared (NIR) portion of electromagnetic spectrum determined
in sample reading are directly related with wheat covering the areas completely at the time the satellite
images have been taken.

Vineyards: The most important factor affecting discrimination of vineyard coverage in satellite images is the
ratio of green texture covering the soil. But even in the most matured state it covers 50-55 % of the soil. For
this reason, it has been observed that the electromagnetic reflection feature of the soil in between the rows
is a very effective parameter.

Tomatoes: Tomatoes which are planted during summer months show a fast increase in the ratio of covering
the soil with leaves from May onwards. The ratio of covering the soil reaches up to 80 % as of the end of June
and this level maintains itself until the end of August. Although soil properties which affect reflection 20 per
cent leads to a little decrease in the reflection aftermath irrigation, standard deviation was determined not to
be high.

Poplar: Poplar trees are grown on small smooth slope areas near river beds. Poplar trees begin to grow
leaves from April onwards and the intensive leafed period begins after June. Leaves begin to turn yellow as
of September and begin falling slowly in October forwards. For this reason, July and August should be seen
as the best physiologic period in order to image process poplar tree cover in satellite images or through near
ultra red sensing.

Maize: Maize crop can be produced twice during the summer months. Soil coverage ratio of maize which is
planted after wheat harvest reaches to the level of being notices in satellite images 2,5 months after being
planted. It has been observed that maize has a different feature of reflection in satellite images in that it has
got very different shape and stance of leave compared with other plants and that it forms a dark colored tip
especially during the period of blooming.
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Table 1. Means of arithmetic reflection values in Landsat 7 ETM images on bands 3, 4, and 5 of plant coverage that
widely take place in Torbali

WHEAT Band_3 Band_4 Band_5 MAIZE Band_3 Band_4 Band_5
Count 209 209 209 Count 816 816 816
Mean 73.76 90.7 84.11 Mean 58.2475 108.22 86.79
Stan.da.rd 7.88 8.45 736 Stan.da.rd 9.9769 1094 8.77
Deviation Deviation

Variance 62.02 71.34 54.10 Variance 99.5386 119.59 76.94
Minimum 57 72 69 Minimum 40.00 84 65
Maximum 95 108 99 Maximum 125.00 130 131
VINEYARD Band_3 Band_4 Band_5 COTTON Band_3 Band_4 Band_5
Count 77 77 77 Count 3882 3882 3882
Mean 90.96 89.78 109.84 Mean 50.58 145.27 93.03
Stan-da.rd 18.24 9.51 19.69 Stan.da.rd 3.93 978 5.49
Deviation Deviation

Variance 332.59 90.36 387.53 Variance 15.41 95.56 30.14
Minimum 61 73 81 Minimum 40 106 78
Maximum 121 108 147 Maximum 97 188 129
TOMATO Band_3 Band_4 Band_5 OLIVE_TREE Band_3 Band_4 Band_5
Count 350 350 350 Count 117 117 117
Mean 65.02 108.87 88.14 Mean 103.37 82.71 108.29
Standard 8.85 8.84 g35 |Standard 14.23 8.58 13.78
Deviation Deviation

Variance 78.36 78.21 69.74 Variance 202.39 73.66 189.81
Minimum 45 86 71 Minimum 65 62 79
Maximum 97 130 114 Maximum 135 108 141
POPLAR Band_3 Band_4 Band_5 CLOVER Band_3 Band_4 Band_5
Count 45 45 45 Count 44 44 44
Mean 46.6889 97.5556 61.4889 | Mean 61.14 114.41 102.73
Stan.da.rd 4.3788 3.9171 5.3070 Stan.da.rd 11.39 11.80 18.63
Deviation Deviation

Variance 19.1737 15.3434 28.1646 | Variance 129.79 139.32 346.99
Minimum 40.00 89.00 55.00 Minimum 47 91 73
Maximum 58.00 105.00 73.00 Maximum 97 138 149

Cotton: Cotton is generally planted in April and completes its germination in May. It is possible to
differentiate cotton in satellite images depending on the increasing ratio of soil coverage. At the end of July
and beginning of August, the ratio of soil coverage in well grown cotton planted areas exceeds 95 %. For this
reason, plant coverage of cotton can be easily detected trough near ultra red sensing area through digital
reflection values. Another factor affecting reflection is the irrigation of cotton plant. Although the coverage
ratio is high in cotton planted areas, the irrigated state of cotton planted areas decreases the reflection
degree in near infrared (NIR) between 10-15 % and as a result, it makes it possible to differentiate between
the borders of irrigated and not irrigated fields. It has been found out that soil features between the rows in
moisture or wet conditions are very effective together with the ratios of coverage. Depending on this fact, it
has been determined that the intervals of least and most reflection are big.

Olive: Olive which is the endemic plant of the region and which has a long span of life is an evergreen plant.
The fact that its leaves are not intensive and have a low ratio of soil coverage nakes it difficult to be seen in
satellite images with low degree of resolution. For this reason, it has been found out that accuracy rates of
determining olive areas by using low degree resolutions of Landsat images is low.

Clover : Clover stays green for most part of the year. For this reason, clover planted areas depending on the
high degree of soil coverage during winter and summer months are observed with high reflection values in
near infrared band (band 4).
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All reflection values obtained were statistically analyzed. A database formed by taking into consideration the
arithmetic means of reflections of crop patterns and maximum and minimum values is rather easy. It is
possible to reach a crop pattern by using numerical values of peaks in the satellite images; it is also possible
to determine digital reflection values of satellite images from crop patterns.

Plants were put into record using database 3, 4 and 5 band data and relations between them were
established making use of data in the ID column in the Plant table and ID columns in the Band table using
“inner join” method. In doing so, the aim was to record data appearing in more than one column about a
single plant. In the questioning process, values of 3, 4 and 5 bands, which were given as parameter, were
reached by questioning minimum maximum data. By doing plant description according to database design,
reflection values of a particular plant can be imaged as a result of forming relationship between these
descriptions (Fig. 7, 8 and 9).
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Figure 9. Having stated the name of the plant, imaging of maximum and minimum reflection values

Conclusion

Remote sensing approaches for vegetation mapping have been increasingly applied over the last years.
These approaches combine detailed ground data fromecological field surveys with remotely sensed data,
showing great potential in the field of fine scale vegetationmapping (Alexander & Millington, 2000). In this
research project, different plant patterns in township Torbali were determined by the evaluation of field
observations and satellite images together, and a database which involves features of being seen in satellite

124



M.Bolca et al. / Eurasian Journal of Soil Science 2 (2012) 116 - 126

images was formed. The use of this database which was formed by working on the basis of parcel of 1/5.000
scale is rather high. The plants that are intensely cultivated in the vicinity symbolize the plant species that
find ecologic life in the Aegean Region. For this reason, the database for the plant cover on rich soils in the
vicinity of Torbali can be used for other agricultural areas in the Aegean Region. In this context, database
which had been formed for the cotton plant by previous projects was brought into a more sensitive state for
cotton and enabled to allow use of remote sensing technique for plants like for maize and sunflower. As a
result of determining reflection values of different types of plants in the satellite images, it becomes possible
to bring about the distribution of cultivated areas and also to determine the harvest yield with the help of
field studies. In order to determine agricultural policies of the years ahead and to be able to apply these
policies directly, there is a need for data banks that involve reflection values of different crop patterns.

In parallel to the formation of digital database described above, remote sensing technique was introduced to
the technical personnel of The Directorate of Torbali Agricultural Affairs and thus the transfer of this
technique to this institution was realized. In the context of this study, digital database was formed in the way
that it would allow differentiating crop covers from each other or determining borders clearly in a short time
using satellite images. Database was formed for two plant types by using “Access” software in the way that it
would cover reflection intervals on the bands 3, 4, and 5 for Landsat 7. In this study which will form an initial
step for the use of satellite technology for establishment of agricultural inventory, a coordinated border of a
township was formed as digital formatted. The fact that the Directorate of Torbali Agricultural Affairs took
place in this project and participated in the studies helped this technology to be transferred from a
university into a practicing institution. As a result, this project showed that satellite technology could be
used in application of national agricultural institutions.
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