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ABSTRACT. Geographic Information System (GIS) and Remote Sensing (RS) are useful tools in environmental mon-
itoring, evaluation and analysis for various sectors including agriculture. This paper reviews the applications of GIS,
RS and the integration of both techniques in the agricultural field, in general, and Controlled Environment Agriculture
(CEA), in particular. More emphasis is given to their applications in arid areas and Oman is taken as a case study. GIS
techniques have been used in the mapping of soil and water quality, spatial assessment for water quantity stress, land
suitability, pest and disease distribution of crops as well as delineating and generating database management systems
(DBMS) for protected cultivations. In Oman, GIS was only employed to analyse the spatio-temporal dynamics of land
use changes as affected by external factors and greenhouses as an example in northern part. RS was also utilised to map
the changes in land cover and their uses, detect and map soil salinity, and monitor agricultural droughts. In CEA, RS
was utilised for mapping, detection and classification of greenhouses through aerial images and satellites. In Oman,
negligible study was documented on the use of RS techniques in the CEA field. The integration of both techniques has
proven its capability in mapping, evaluating and managing natural resources and greenhouse distribution and generat-
ing database management system in agriculture and CEA fields. Sophisticated geostatistical analysis models based on
Multi-criteria analysis using Fuzzy-logic and Analytic Hierarchy Process could be a good platform for trade-off analysis
for land suitability analysis and optimal location of CEA in challenging agriculture like Oman.
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li and Jayasuriya, 2016). Greenhouses are considered a
sustainable option for crop production in harsh climat-
ic conditions (Helmy et al., 2013; Kumar et al., 2009)
through providing favourable microclimate for plants,
extending the cropping season and achieving year-round
production. Controlled Environment Agriculture (CEA)
term refers to a group of agricultural systems including
screenhouses, greenhouses, shade-houses and aquapon-
ics (Al-Ismaili et al., 2017). The total area under plastic
greenhouse covers has rapidly grown to reach more than
500,000 ha around the world (Agiiera and Liu, 2009).

Introduction

n arid and semi-arid regions, high temperatures and
water scarcity are the two major constraints for ag-
riculture development and sustainability (Al-Ismai-
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However, this rapid growth of CEA should be monitored
and mapped for better understanding and planning for
the development and management of natural resources,
which could be achieved using Geographic Information
System (GIS) and RS (Remote Sensing) techniques.

GIS is a professional computer system that manipu-
lates spatial and non-spatial data to present them in a
simple illustrative manner on the map (Soomro, 2015).
It links the tabular (database) information with their re-
spective locational (Spatial) coordinates for better visu-
alization. In addition, it has a unique capacity with spatial
data in terms of collection, storage, management, con-
version, analysis, modelling and display as it performs
these functions in a very organised way (Davis, 1996).
GIS tools and techniques are very helpful and beneficial
in several fields including geography, computer science,
environmental science, agriculture, forest, food, enter-
tainment, banking, health services and manufacturing
(Soomro, 2015).

RS is an art of acquiring information about an object
or event on earth’s surface, ocean or atmosphere using
remote sensors (e.g. special cameras, radars and digital
scanners) (Bhatta, 2011; Wang and Weng, 2013). Build-
ings, soils, water and vegetation are examples of sens-
ing/observing objects at distant (remote) places which
are investigated by scientists (Campbell and Wynne,
2011). RS has several distinguished advantages, such
as observation of a broad area at one time (spatial) as
well as observing the areas for long periods (temporal).
Another advantage is the possibility to collect data from
places that are geographically or politically inaccessible
without any distortions (Bhatta, 2011; Wang and Weng,
2013). The user can benefit from the results of RS in a
variety of applications such as ecosystems, natural land-
scapes, hydrology, urban planning and agriculture.

Usery et al. (1995) mentioned that advanced technol-
ogies such as GIS and RS are used to collect and han-
dle spatially referenced data, perform spatial analysis
and decision-making for factors related to geography in
order to solve problems in planning and management
(Parthasarathy, 2010; Soomro, 2015). Using interrela-
tionships between geography, location and people in
GIS makes it possible to take decisions aiming to im-
prove the living on earth (Soomro, 2015). RS and GIS are
very beneficial techniques to store, operate and quanti-
tatively evaluate the soil sustainability and capability for
various practices (Saleh et al., 2015).

Applications of GIS in Agriculture

In agricultural field, GIS can be used for a small scale ar-
eas like a single farm to a large scale areas like the globe
(Wilson, 1999). The basic of success and profitability
of any farm is to balance between inputs and outputs
(Parthasarathy, 2010). GIS tools are beneficial to own-
ers of agricultural farms by visualising the environmen-
tal parameters and workflows within their farms. These
tools enable them to handle the agricultural spatial data,
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which are collected through mobile devices, in investi-
gating their farm conditions and evaluating their effects
on the wellbeing of their farms (Soomro, 2015).

Jayasuriya et al. (2014) presented the use of GIS in
mapping the levels of soil compaction by heavy-load ve-
hicles and the moisture content distribution of Rhodes
grass to reach the best tillage and irrigation management.
Results showed an inverse relationship between Rhodes
grass growth and soil compaction levels. Sadat-Noori
et al. (2014) worked on GIS and Water Quality Index
(WQI) to assess and examine the spatial distribution
of ground-water quality of Saveh-Nobaran aquifer in
Iran. The major cations and anions (Ca, Mg, Na, HCO,,
SO,, Cl, and TDS), EC, pH and hardness of ground-wa-
ter samples were analysed and documented. Using GIS,
maps of the aforementioned parameters were created
using Kriging method. Figure 1 shows the WQI map of
the selected aquifer. For the WQI assessment, they re-
ported that 65% of samples were under three categories
of drinking water qualities; very poor, poor and unsuit-
able. The amalgamation of GIS and WQI method was
very effective and can help for better decision making. In
another study, knowledge-base model was built in GIS
environment to assess the supplementary irrigation in
rain-fed agricultural watersheds in India (Reshmidevi et
al,, 2010). The model used the empirical information of
land suitability for crops, irrigation practices and the hy-
drological models to improve the supplementary irriga-
tion in the watershed. It was found that this model could
be implemented to estimate the irrigation requirements
based on rainfall conditions.

Land suitability analysis is necessary for agricultural
planning and sustainability. GIS can also aid farmers to
determine the preference areas for crop cultivation as
well as to manage pests and increase the profit during
harvesting (Soomro, 2015). Bhagat et al. (2009) used
GIS to analyse land suitability for cereal production in
Himachal Pradesh, India. The geo-referenced data (cli-
mate, elevation, soil and land cover) with potential pro-
duction were fed to GIS. The resulted maps delineated
suitable lands for growing cereals in the study area. For
agricultural sustainability, GIS showed that small ag-
ricultural lands can be merged efficiently together. In
Turkey, a study of land suitability for fruit growing us-
ing GIS was done by Yarilgac (2012). Similarly, Chiranjit
and Kishore (2016) reviewed GIS applications on land
suitability evaluation for agricultural crop selection us-
ing different approaches such as Fuzzy logic, Multi-Cri-
teria Evaluation (MCE) and Analytic Hierarchy Process
(AHP) within GIS environment. The MCE approach is
one of the land assessment tools used for selecting the
proper factors from a large number of factors and thus,
giving the best solutions and finding alternatives for de-
cision making (Gastli and Charabi, 2010; Hedia and Elk-
awy, 2016; Olaniyi et al., 2015). The combination of MCE
within GIS environment gives a strong support for de-
cision makers and researches. Hedia and Elkawy (2016)
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Figure 1. The spatial distribution of Water Quality Index (WQI) in Saveh-Nobaran aquifer in Iran (Sadat-Noori et al. 2014).

studied the assessment of land suitability for agricultural
uses in Egypt by means of MCE within GIS. (Chivasa et
al., 2019) evaluated the land suitability for maize pro-
duction (Zea mays L.) with aid of GIS, AHP and MCE in
Zimbabwe. Different thematic maps such as rainfall, soil
type and slope were ovleraid in GIS environment. Re-
sults found that there was a significant posituve correla-
tion between maize yield and classes of land suitability
(R%*= 0.63-0.85). This method was effective and recom-
mended to use it as a tool for decision making for maize
placement in the country. Many researches have used
the integration of AHP with GIS to assess land suitabili-
ty (Mishra et al., 2015; Romano et al., 2015; Uyan, 2013)

Manyong et al. (2008) described the benefits of GIS
techniques in disease and pest control particularly in
predicting, monitoring and managing the spread of Xan-
thomonas wilt (BXW) in banana (Musa spp.). Similarly,
a study on the spatial analysis of Lettuce Downy Mildew
were conducted in USA (Wu et al,, 2001). In another
application, GIS was employed to map the agricultural
plastic waste in Greece (Hiskakis et al., 2007).

In Oman, the use of GIS in agricultural-related ap-
plications was recently introduced. To date, several
studies were conducted to measure the soil and wa-
ter qualities using GIS. Jamrah et al. (2008) evaluated
ground-water vulnerability using DRASTIC method
in ArcGIS. DRASTIC stands for seven parameters; D:
depth to groundwater, R: net recharge, A: aquifer media,
C: hydraulic conductivity of the aquifer, S: soil media,
I: impact of vadose zone and T: topography or slope.
This study covered the period between 1994 and 2004
for Barka, North Al-Batinah Governorate. A number of
seven DRASTIC layers were generated and the result-
ed maps revealed that the northern and central parts of
Baraka were highly affected by contaminants compared
to the southern part (Fig. 2).
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Al-Barwani and Helmi (2006) studied seawater intru-
sion for the coastal aquifers between As’ Seeb and As’
Suwaiq cities for the years 1984-2005 (Figure 3). Using
GIS, geographical locations of wells and their water
salinity (EC) values were created on the map. The EC
data were recorded from regular field measurements
undertaken by the Ministry of Regional Municipalities
and Water Resources. The salinity zones were delineat-
ed for all areas between the two cities. Results showed a
7% decrease in land with suitable water for agricultural
purposes between 2000 and 2005. Also, they reported
that seawater intrusion in Barka city has moved 12 km
inland over the same period. GIS techniques have been
used also for spatial assessment of water quantity stress
across the Sultanate of Oman (Al-Awadhi and Mansour,
2015). Results presented significant variations in water
quantity stress across the governorates. Also, seasonal
variations in water supply and drought severity were the
most important predicators for water quantity risk. In
another study, Behrendt et al. (2015) investigated the
distribution and diversity of banana (Musa spp.) in Wadi
Tiwi, Oman. The spatial distribution of different banana
cultivars is depicted in Figure 4.

Al-Habsi (2015) studied GIS-linked Computer Simu-
lation Model for Wheat seed emergence predication in
Oman. The study showed the best locations for wheat
production in Oman through linking Simulation Model
with Numerical Weather Predication Model (NWPM)
in GIS environment. The model was used to predict time
of emergence based on soil temperature, water potential
and planting depth (Figure 5). In renewable energy sector,
a study was done to investigate the best locations to build
large Photovoltaic system (PV) using MCA (Multi-cri-
teria analysis) in GIS environment in Al-Batinah farms,
Oman (Gastli and Charabi, 2010). This will be benefi-
cial to exploit the solar energy in Oman and implement
large PV plants. It can be source of energy inside farms.



Al-Maimani, Al-Ismaili and Charabi

Guif of Oman

Drcastic Velus
T | so-ss
:éé-&’-
B s

€314
Mo

&

132
iy

Figure 2. DRASTIC values for Barka in 2004 (Jamrah et al.. 2008).

Applications of GIS in CEA

Very few studies were reported on the applications of
GIS in the field of Controlled Environment Agriculture
(CEA). Matsuoka et al. (2015) studied the use of GIS and
developed Monte Carlo method to simulate the collec-
tion of catch crops (e.g. dent corn) from greenhouses
to collection stations in Kochi Prefecture in Japan. The
study also estimated the yield production and carbon
emissions from the transportation of catch crops. Using
the results from the above investigations, potential ways
to reduce groundwater contamination and conserve
agricultural resources were explored. Results revealed
that the total collected fresh weight of catch crops was
67,900 tons and 70% of production came from central
plains of the study area where the cluster of greenhouses
was more. GIS maps clearly illustrated that eggplant was
the dominant crop in the eastern part and cucumber
was the dominant crop in the western part (Figure 6).
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Figure 3. Salinity Zones in As’ Seeb
(Al-Barwani and Helmi 2006).

The combination of the developed method and GIS were
easy and multilateral in solving collection and transpor-
tation problems. Crifasi et al. (2002) reported the use
of GIS as a Data Base Management System (DBMS) for
protected cultivations in Marsala town, western Sicily,
Italy. The study covered an area of about 3,588 ha having
2,607 greenhouses (Figure 7). The distribution of green-
houses and their floor area were recorded. The study
emphasised the capability of GIS to precisely determine
greenhouse sizes and to handle, organise and administer
large amounts of data in a quick and simple manner.

In Oman, there was only one study on the use of GIS
in CEA. Deadman et al. (2016) studied the spatio-tem-
poral dynamics of land use changes affected by external
pressures and considered greenhouses as an example in
northern Oman. This study considered GPS coordinates
of greenhouses for five years; 2001, 2002, 2003, 2004
and 2009. Results revealed that greenhouse density was
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Figure 4. Geographical Locations of Musa spp. in the
study area (Behrendt et al., 2015).
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Figure 5. A raster map shows the time (days) of emer-
gence at 25 mm planting depth (Al-Habsi, 2015).

increasing with increasing distance from the coastline
(i.e. decreasing groundwater salinity). Barka city was the
most affected by the increase in groundwater salinity
and so, 57.8% of all abandoned farms in Al-Batinah gov-
ernorates were in Barka (Figure 8). New and large farms
were developed away from high levels of groundwater sa-
linity and away from urbanised areas. Because this study
did not cover the whole country, a more comprehensive
study is necessary to investigate the factors affecting the
spatio-temporal distribution of greenhouses in Oman.

Applications of RS in agriculture

Remote sensing (RS) is progressively used in a variety of
agricultural applications such as soil salinity which is a
severe environmental problem particularly in arid and

Figure 7. Distribution of greenhouses by area (m2) (Cri-
fasi et al., 2002).
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Figure 6. The cultivated area in proportions with four
produced catch crops (Matsuoka et al., 2015).

semi-arid regions (Sahoo et al., 2015). RS techniques are
professional, more informative and faster than tradi-
tional methods used in detecting soil salinity (Al-Mulla,
2010; Allbed and Kumar, 2013). Additionally, they have
a capability in delineation, mapping and assessment of
this problem. Alavipanah and Goossens (2001) studied
the relationship between soil salinity and data obtained
from Landsat TM and MSS. In another study, Allbed et
al. (2014) described the use of IKONOS satellite imager-
ies to assess the soil salinity using vegetation and soil sa-
linity indices in a region dominated with date palm trees
in Al-Hassa Oasis, Saudi Arabia. Three sites were select-
ed within the study area and field measurements were
under taken. Remotely sensed data were used to extract
the Soil-Adjusted Vegetation Index (SAVI) and 12 soil

L

Figure 8. : Barka map displays levels of groundwater
salinity related to active, abandonment ground cover and
urban area (Deadman et al., 2016).



salinity broadband indices. Results showed that soils of
Al-Hassa Oasis were highly saline (EC >16 dS/m). This
salinity level was indicated with a higher spectral re-
sponse in the visible and NIR range compared to the oth-
er salinity levels (Figure 9). However, other levels of soil
salinity differed within the three sites due to human-in-
duced or environmental factors such as: poor quality of
irrigation water, unbalanced agricultural practices and
poor drainage. The most beneficial indices for assessing
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based on temperature data for land surface, Normalized
Difference Vegetation index (NDVI) and precipitation
data from selected satellites for monitoring agricultur-
al drought. On the other hand, Tenkorang and Lowen-
berg-DeBoer (2008) reviewed the potential of using RS
to improve farm profits such as optimizing the use of
fertilizers and pesticides.

In Oman, Al-Mulla (2010) highlighted the use of RS in
mapping soil salinity. He mentioned that salinity is a dy-
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Figure 9. Soil spectral reflectance of Al-Hassa Oasis (Allbed et al., 2014).

soil salinity in areas dominated by date palm were SAVI,
NDSI and SI-T that were extracted from the IKONOS.

A similar study was done using IKONOS satellite
images and Landsat Multi Spectral Scanner (MSS) to
detect crop reflectance, soil salinity levels and salinity
impact on crop yield (Elhaddad and Garcia 2006). In
another study, Alhammadi and Glenn (2008) studied
SAVI to detect the health of date palms and greenness
change of vegetation in the eastern part of United Arab
Emaciates. SAVI was examined from Landsat Themat-
ic Mapper (TM) and Enhanced Thematic Mapper Plus
(ETM+) images for three different sites: Fujairah, Hatta
and Kalba in 1987 and 2000. Additionally, field measure-
ments were taken for ground-truthing. Results revealed
that in Hatta, there was a reduction in vegetation green-
ness and healthy conditions yet the overall agricultur-
al land area increased (Fig. 10). Salt-affected soils were
identified using the SAVI values which decease with the
rise in soil salinity. The study confirmed that a special
attention should be given in monitoring and managing
soil salinity problem to keep date palm trees produc-
tive. RS is also used to detect vegetative covers in for-
est vegetation using Vegetation Indices, VI (Jinguo and
Wei, 2004). Dawbin and Evans (1988) reported some RS
techniques for digital crop classification using Landsat
data for Australian environment. For arid and humid re-
gions, Rhee et al. (2010) proposed a new drought index
called Scaled Drought Condition Index (SDCI) which is

namic process which affected large areas in Oman. The
vegetation abundance in the vicinity of Sultan Qaboos
University in Muscat was studied using RS by Rajendran
et al. (2016). On the other hand, Harris (2003) evaluat-
ed agricultural land changes using Landsat MSS in 1978
and Landsat Enhanced Thematic Mapper (ETM) data
in 2001 (Fig. 11). The study was conducted in Khaburah
and Sohar cities on the coastal line of Al-Batinah. Field
work was done to support earth observation data for
1979 and 2001. The change in agricultural lands was es-
timated from environmental change maps that were de-
rived from supervised and unsupervised classifications.
The study concluded that the change in agricultural ar-
eas was clear and considerable in the study period due
to the growing income since 1970, i.e. fast urbanization.

Applications of RS in the CEA

In recent years, rapid growth of plastic greenhouses took
place and the total land area under plastic greenhouses
reached more than 500,000 ha worldwide (Agtiera and
Liu, 2009). Mapping and detection of greenhouses by
means of RS could be a challenging task (Aguilar et al.,
2014; Aguilar et al., 2015; Tarantino and Figorito, 2012).
Aguilar et al. (2014) studied the classification of green-
houses in Cuevas del Almanzora of Almeria, Spain, us-
ing Object-Based Image Analysis (OBIA) for two high
resolution stereo images of GeoEye-1 (GE1) and World-
View-2 (WV2), (Figure 12). In the eastern part of Alme-
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Figure 10. False colour composite images (red, layer 4; green, layer 3; and blue, layer 2) for Hatta area for 1987 (top) and 2000
(bottom). Red colour represents vegetation (Alhammadi and Glenn, 2008).

ria, Spain, another mapping of plastic greenhouses was
produced using texture analysis to improve per-pixel
classification from other high resolution satellite im-
ages which were QuickBird and IKONOS (Figure 13),
(Agtiera et al,, 2008). Similarly, mapping of plastic cov-
ered vineyard using true colour aerial data (Very High
Spatial Resolution) was examined in the Apulia Region
(Italy) (Tarantino and Figorito, 2012). The object-based
classification method from aforementioned data were
developed for testing eight locations in the study area.
The overall accuracy of the method used for mapping
areas was about 90%. In another study, Yang et al. (2017)
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developed a new spectral index for mapping plastic
greenhouses through medium spatial resolution satel-
lite images in China. RS approaches were also utilized to
study the spatial and temporal patterns of greenhouses
and the factors driving these changes between 2000 and
2015 in Shouguang City, China (Yu et al., 2017).
Arcidiacono and Porto (2010a) investigated the clas-
sification of crop-shelter using RGB aerial images. Sim-
ilar study was done for the classification of crop shelter
through processing of digital images in Italy (Arcidiacono
and Porto, 2007). Aguilar et al. (2015) identified, for the
first time, the horticultural crops that were grown under

Sands and Cesert and Urban.
gravels coastal dunss

Figure 11. Supervised Classifications in Sohar, (a) Landsat MSS in 1978 (b) Landsat ETM in 2000 (Harris, 2003).
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Figure 12. Nine classes assigned for all objects based on
aerial PNOA (Spanish Programme of Aerial Ortho-pho-
tography) ortho-image (Aguilar et al., 2014).

plastic greenhouses of Almeria in Spain. Eight images
were acquired between May and November 2013 from
Landsat 8 Operational Land Imager (OLI) where OBIA
and decision tree (DT) classifier applied to these images.
In addition, a single WV-2 multi-temporal satellite im-
agery was applied as a data source. Both types of images
were utilized to derive spectral information, vegetation
indices (VI) and textural features which were already be-
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imageries. In another study, the accuracy of RS reached
95.9% in mapping greenhouses with Landsat TM im-
agery in Qingzhou, China (Geng-Xing et al., 2004).

In Oman, the number of greenhouses increased by
almost 40% annually between 2001 and 2005 (Al-Ki-
yumi, 2009; Al-Sadi et al., 2007). However, no studies
have been done in utilizing RS techniques for identify-
ing and mapping greenhouses or studying the temporal
distribution of CEA and the external factors affecting
such distribution such as groundwater salinity in the
Sultanate. Therefore, a need for such a study is essen-
tial to update the status of CEA and all relevant aspects.

Applications of GIS and RS in agriculture

RS and GIS data are widely utilized in mapping and
managing natural resources and building environmen-
tal models (Sajjad et al., 2015). For instance, Saleh et al.
(2015) evaluated land resources (e.g. soil quality and wa-
ter availability) for potential agricultural practices using
RS and GIS techinques in El-Galaba basin, Eygpt. Simi-
larly, another study used RS and GIS in the assessment
of land cover and soil quality (Obade and Lal, 2013).
Shalaby and Tateishi (2007) investigated land cover and
land use changes in Egypt. RS and GIS were also used to
detect changes of forest cover in Tehsil Barawal, Pakistan
for 2000 and 2012 (Figure 14) (Sajjad et al., 2015). In an-
other study, Jha et al. (2007) conducted a review for using
RS and GIS tools for the development and management

Figure 13. Study area from two different Satellites: QuickBird (top) and IKONOS (bottom) (Agtiera et al., 2008).

ing segmented to detect the most popular crops culti-
vated in greenhouses of the study area (pepper, tomato,
aubergine and cucumber). The overall classification ac-
curacy was 81.3% for the whole series of Landsat 8 OLI

of groundwater. Jiménez-Bello et al. (2012) used RS and
GIS tools for irrigation management of citrus trees in
Southwest Europe. Another study presented the use of
Landsat method (which combines GIS and RS) to esti-
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Figure 15. Map of interpolated EC values (MS/cm) (Al-
Rawas and Valeo, 2012).

mate the exposure of agricultural pesticides on human
health in USA (VoPham et al., 2015; Ward et al., 2000).

In Oman, GIS and RS techniques have been used to
map the temporal changes of soil salinity for 1991 and
2005 in Al-Rumais area, Barka (Al-Mulla and Al-Adawi,
2009). In this study, two satellite imageries were re-pro-
jected and geo-referenced and thus, soils affected with
salinity were identified and classified. Results showed a
high potential of utilizing GIS and RS techniques due to
their accuracy, labour saving and cost effectiveness. Al-
Rawas and Valeo (2011) investigated quality of ground-
water and pollution sources in As’ Seeb area by means
of RS, GIS techniques and spatial data analysis. In this
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study, 335 water samples were collected from the study
area. Levels of Nitrate (NO,), acidity (pH) and Electrical
Conductivity (EC) were analysed and compared to the
Omani Standards (MOCI, 2006) and WHO standards
for drinking water. Results revealed that all water wells
were unsuitable for drinking (beyond Omani standards)
because EC values were greater than 4000 MS/cm in
farms close to sea because of over pumping (Figure
15) yet, pH values were within Standards (6.5 — 8). The
percentage of samples that exceeded the allowable con-
centration levels of NO, (>50 mg/L) was 23.28%. These
levels were originated from populated areas and near to
the drainage system which is affected by landfill loca-
tion of As’ Seeb area. The presence of septic tanks and
proximity to the landfill were the two major reasons for
the increase of NO,. The study is beneficial in providing
an overview of the spatial assessment of groundwater
quality in As’ Seeb city. In another study, GIS and RS
techniques were utilized to identify the vegetative cover
using satellite imageries in Dhofar, Oman (Al-Awadhi
et al., 2011). Three approaches were studied: NDVI, su-
pervised classification and unsupervised classification.
Results reaveled that large variations in calcuating the
total areas of vegeation among the three approaches.
Yet, NDVI was the best approach compared to other
approaches since it was closer to visual comparsions.

Applications of GIS and RS in CEA

RS satellites have the capability of recording environ-
mental information at a fast rate and economical scale
for various purposes. GIS can combine these data with
other spatial data (e.g. maps) and non-spatial data (e.g.
text or tables) to simplify new forms of analyses (Ehlers,
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Figure 16. An example of DBMS for a greenhouse, (Sonmez and Mustafa, 2006).

1996). The integration of GIS and RS becomes very help-
ful (Merchant and Narumalani, 2009). Sénmez and Mus-
tafa (2006) conducted a study to generate a new database
system for greenhouses using GIS and RS techniques
of Antalya, Turkey, as an effort to determine and reg-
ister the agricultural resources for the European Union
Common Agricultural Policy (EUCAP). Pan-Sharpened
IKONOS satellite image was used to determine the type
of greenhouses (e.g. glass or plastic greenhouses). With-
in GIS environment, the Database Management system
(DBMS) was created for each greenhouse in the region
including position, number, area and type of green-
houses, information about owner, production input and
amount of production (Figure 16). Results concluded
that the accuracy of using GIS and RS technologies was
high (97% for plastic greenhouses and 96.1% for glass
greenhouses). Also, DBMS provided a reliable source for
statistical data. Both technologies were capable in creat-
ing databases which were reliable with European Union
and other international standards.

In another study, GIS and RS techniques were utilized
to determine the negative environmental effects on air,
water cycle and agricultural soil under plastic protected
cultivation and also to determine the aesthetic distortion
in rural areas along the coast of Jonian Sea, Southern It-
aly (Picuno et al,, 2011), (Figure 17). The analysis was
carried on multi-temporal Landsat TM images with su-
pervised classification, image processing, GIS tools and

vectorialization. Results revealed a method of auto-de-
tection for the plastic covers used in CEA. Furthermore,
a concept of “threshold” limit of the quantity of plastic
covers was suggested. The possible adjustment of colour
and texture of the cladding material was also evaluated.
Similar study was done for the environmental effects of
crop-shelter by utilizing landscape indicators, RS imag-
eries and GIS analysis (Arcidiacono and Porto, 2010c).
Moreover, Arcidiacono and Porto (2010b) built a model

Figure 17. A view of plastic film that covered the agricul-
tural land (Picuno et al., 2011).
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for managing the spatial development of crop-shelter
using RS imageries, GIS and spatial indicators in Italy.
In Oman, the Agricultural Census is taking place ev-
ery 10 years to provide updated statistical data on the ag-
ricultural sector components (MAF, 2013). Although the
number of greenhouses keeps on growing at rapid rates,
there has been no single study that integrated the use of
GIS and RS in CEA. So, there is a need for similar stud-
ies integrating the use of RS and GIS in order to acquire
a consistent statistical data about CEA and all relevant
aspects. Consequently, such information may help to in-
crease the income of farmers and food security of Oman.

Conclusion

In this review, an attempt has been done to highlight the
previous inventory work done by scientists and research-
ers. GIS is one of the powerful techniques in capturing,
storing, retrieval, displaying and analysing spatial data. It
has a capability of mapping, solving problems, planning,
managing, and taking decisions and predications. GIS
was utilized in many studies within agricultural fields.
In Oman, it has been used only to study the greenhouse
distribution and the spatio-temporal dynamics of land
use changes affected by external pressures in northern
Oman. RS is another useful technique utilized progres-
sively in a variety of agricultural applications around the
world. Regarding the CEA in Oman, no studies have
been done in utilizing RS techniques for identifying and
mapping greenhouses or studying the temporal distribu-
tion of CEA and the external factors affecting such distri-
bution such as groundwater salinity. The integration of
GIS and RS is very helpful and their data are widely uti-
lised in mapping, managing natural resources and build-
ing environmental models. In CEA, satellite imageries
and GIS tools were used for generating DBMS, map-
ping and identifying greenhouses. In Oman, there has
been no single study that applied the integration of both
techniques. So, a need for a similar study is necessary
to acquire a consistent statistical data about CEA and
all relevant aspects. This could probably help increas-
ing the income of farmers and food security of Oman.
Multi-criteria Evaluation in GIS environment could pro-
vide a trade-off analysis for CEA land planning with high
ecosystem service value. This platform of trade-off anal-
ysis for land suitability analysis could generate differ-
ent scenarios using spatial and economic information.
This approach could be a robust tool for government to
achieve agricultural sustainability and adopting effective
pathways for better management for natural resources.
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