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Abstract

With the global population on the rise, it is important to address the increasing demand for food. According to FAO (Food
and Agriculture Organization, United Nations), by 2050, the developing countries must double their food production to meet
the growing demand. Proper land utilization can be one of the solutions for this problem. In view of this, the current study
focussed on land suitability analysis for Khordha district of Odisha (India) for rice crop. This study estimated that the amount
of land suitable for rice cropping was 195,731 ha against the currently cultivated land of 122,183.38 ha. Therefore, there
was a possibility of more amount of land that could be available for rice cultivation in Khordha district than the currently
cultivated area. In order to perform this exercise, the land use and land cover data from IRS (Indian remote sensing satellite),
soil nutrient parameters like pH values and nitrogen, potassium, phosphorous and organic carbon contents were considered.
In addition, the climatic parameters such as near surface temperature, rainfall and number of rainy days were taken into
account. The unused land identified in Khordha district in this study might be utilized for cultivating rice crop in this region.
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1 Introduction

Agriculture remains the largest employment sector in devel-
oping country like India. Since food-security is essential
for human establishment and quite important for a popu-
lous country like India, international agriculture agreements
are needed for this purpose. The concept of food security
includes providing both physical and economic access to
food that meets dietary needs and their food preferences.
Thus, it is important to have an integrated approach for
improving the ability of countries to plan and monitor the
better use and management of their land resources in order
to increase agricultural productivity without compromising
the land and environmental safety. Therefore, studies related
to land-use and land cover (LULC) changes for analysing
the land suitability bear importance. The ‘soil properties’
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are significantly affected by LULC changes and result in
land degradation, which consequently led to a decline in soil
productivity (Biro et al. 2013). In order to perform the land
suitability analysis for a crop cultivation, changes in LULC
need to be analysed besides soil nutrient parameters and few
relevant meteorological variables using remote sensing and
GIS (Geographic Information System) techniques (Bhagat
et al. 2009; Gumma et al. 2009; Kihoro et al. 2013; Kuria
et al. 2011; Samanta et al. 2011).

Agriculture contributes about 40% towards Gross
National Product (GNP) and provides livelihood to about
70% of the population in India. Rain-fed agro-ecosystem
occupies a prominent position in the Indian agriculture (Lal
2008). Nearly two-thirds (or ~ 67%) of the nation’s cropped
area is under rain fed agriculture. The potential of rain-fed
crop production is dependent on many factors including suit-
able climatic conditions, appropriate soil nutrients, slope of
the land, etc. In general, crop cultivation and agricultural
yield are functions of several factors including weather, soil
characteristics and package of practices (POP). In India,
weather plays a major role in crop yield since extreme con-
ditions viz. droughts, floods, etc. can have significant impact.

Several researchers all over the world adopted remote
sensing and GIS-based techniques not only for rice
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cultivation (Dengiz 2013; Gumma et al. 2009; Kihoro et al.
2013; Kuria et al. 2011; Samanta et al. 2011) but also for
other crops (Bhagat et al. 2009). Satellites in recent years
have emerged as a vital tool for generating the biophysi-
cal information (e.g. topography and slope), which helps to
evolve the optimal land use plan for sustainable development
of an area. The digitally processed remotely sensed LULC
from moderate resolution imaging spectrometer (MODIS)
was used in global, regional and local level studies by sev-
eral researchers (Friedl et al. 2002; Hansen et al. 2000; Wes-
sel et al. 2004). Satellite data from Indian remote sensing
satellites (IRS series) including RESOURCESAT-1 (IRS
P6) and 2 in recent times are quite useful in agriculture-
related studies that involve LULC change analysis in Indian
context (Bhagat et al. 2009; Choudhury et al. 2006; Devi
and Kumar 2008; Kumar et al. 2013; Sathish and Niranjana
2010). These satellites have sensors like LISS III, LISS IV
and AWiFS, which have better spectral and radiometric reso-
lutions and are capable of covering larger area so that the
acquired information can be helpful for all agricultural stud-
ies. Again, GIS plays very important role in handling vast
data including those of soil, climatic database and LULC
obtained from satellite for such types of studies. Analysing
all the data in statistical, spatial and temporal forms and
providing outputs in the form of maps and attributes are the
operations those can be done by GIS. Thus, use of remote
sensing and GIS in land suitability analysis for rice crop cul-
tivation appears to be quite convincing. Several researchers
used this approach over different parts of the globe including
Tana delta (Kuria et al. 2011) and great Mwea (Kihoro et al.
2013) of Kenya, central Anatolian region of Turkey (Dengiz
2013), inland valley wetlands of Ghana (Gumma et al. 2009)
and Morobe province in the Papua New Guinea (Samanta
et al. 2011). Over India, very few studies have been carried
out in this direction. One of such studies done by Bhagat
et al. (2009) focused on Himachal Pradesh region and car-
ried out the land suitability analysis for cereal production
using GIS techniques. However, there was hardly any study
available, which used the remote sensing and GIS techniques
in order to perform land suitability analysis for rice cultiva-
tion. Thus, the present study is one of few studies to use such
approach in order to perform land suitability analysis for rice
cultivation focusing on Khordha district of Odisha, India.
Since fewer number of studies was performed over Odi-
sha region using satellite-derived measurements including
LULC for agricultural aspects, the present study intended
to address and analyse few relevant issues in this direction.
The current analysis will probably be helpful in this sense,
especially for encouraging the farmers to grow appropriate
crops in their land apart from the traditional ones.

The present study aimed at performing the ‘land suit-
ability analysis’ by adopting some relevant FAO principles
(FAO 1978, 1994, 1996) besides using remote sensing and
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GIS techniques. The study included: (1) developing long-
term database of climate to assess the variation in length of
rainy season by considering rainfall and temperature using
GIS, (2) generating spatial soil data base in terms of the
micronutrient content in the soil and (3) assessing the pre-
vailing LULC of the district (mainly agriculture land) and
evaluating the possible amount of land that can be used par-
ticularly for rice crop.

2 Study Area and Geographical Location

Agriculture is the dominant sector to Odisha’s economy with
a contribution of ~ 30% to the Net State Domestic Product
(NSDP). About 73% of total workers are engaged in agri-
culture including 44.3% cultivators and 28.7% agricultural
labourers. It may be noted that people living in rural areas
(~ 87% of total population) mostly depend upon the agri-
culture sector and serve as the driver of the major portion of
Odisha’s economy. Though the contribution of agriculture to
NSDP has significantly declined from 67% in 1951 to ~ 30%
in 2008, the percentage of workforce engaged in agriculture
has remained somewhat unchanged. However, the scenario
is changing in recent times (post 2010) and gradually less
people are being engaged in agriculture sector. On the other
hand, still there is an overcrowding in agriculture without
any perceptible increase in production.

The reason of insignificant increase in agricultural yield
could be due to the erratic south-west monsoon that can
never be relied upon for the desired amount of precipita-
tion and its regional distribution. For any sound agricul-
tural planning at regional scale, the seasonal deficiencies
must be known to the planners. It may be noted that the
considered area of interest is located in the eastern part of
India and depends upon monsoonal rainfall for agriculture. It
may be noted that the crop productions in Odisha are mostly
affected by seasonal droughts and floods every year. Taking
into account this aspect, the present study focused on Odisha
in general and Khordha district in particular since the state
has high scope for development in agricultural planning.

Odisha is surrounded by the Bay of Bengal on one side
and on the other sides by neighbouring states like West Ben-
gal, Jharkhand, Chhattisgarh and Andhra Pradesh (Fig. 1).
Among 30 districts of Odisha, Khordha is chosen for the
study of land suitability analysis for rice crop looking into
account the data availability and significance of the loca-
tion. It may be noted that rice has been the principal food
crop of Odisha (earlier name Orissa) since fourteenth cen-
tury A. D. or earlier (Panda 1997). The geographical area of
Khordha district lies between 19°63'N to 20°44'N latitude
and 84°91'E to 86°04'E longitude. Keeping in view of the
tradition and food habits of the region, the present study
bears its significance as far as rice crop is concerned.
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Fig. 1 Location map showing the study area
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Table 1 Satellite data specifications used for LULC classification

Name IRS-P6

Sensor LISS 1T

Date of acquisition 26th December 2010

Path 106

Row 058

IGFOV (instantaneous geometric field of 23.5m

view)

Spectral bands (pm) B2 0.52-0.59
B3 0.62-0.68
B4 0.77-0.86
B51.55-1.70

Swath 141 km

Spectral resolution 23.5m

3 Data and Methodology

The current study of land suitability analysis for rice crop
carried out by using the available climatic data for rain-
fall and ‘near surface temperature’, soil analysis data of
Khordha district and LULC data. The satellite derived
LULC data from IRS-P6 LISS III for the year 2010 was
considered (Table 1). The resolution for the desired LISS
III images was 23.5 m. These images were used for prepar-
ing the LULC map for the study area. The methodology
for the preparation of LULC map is presented in the form
of a flow chart and illustrated in Fig. 2.

The topographical map of the study area from ‘Survey
of India’ was used for geo referencing purpose and the
delineation of the boundary. The satellite data from SRTM
(Shuttle Radar Topography Mission) was used for slope
analysis in order to understand and depict the prevailing
topography of the region. ‘ERDAS IMAGINE’ software
was adopted for processing and information extraction
from satellite images. ‘ArcGIS’ was used for spatial data
analysis and various thematic map preparation. Hand held
‘GPS’ device was used to obtain the geographical coor-
dinates of the observed field locations during the ground
truthing study for collecting soil samples and LULC
information.

Attribute data sets for meteorological variables such as
temperature and precipitation were collected from district
agricultural office and India Meteorological Department
(IMD) for the period 2002-2012. Spatial interpolation of
rainfall data collected for 10 climatic stations was car-
ried out using ‘ArcGIS’. In addition to these, IMD data
sets, TRMM (Tropical Rainfall Measuring Mission) rain-
fall considered for Khordha region. The satellite derived
monthly averaged TRMM rainfall data were considered
for assessing the availability of rainfall for cultivation of
rice crop.
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Fig.2 Flowchart for LULC Map preparation

3.1 Creation of Soil and Climatic Database

Soil samples (100) were collected from 10 blocks of
Khordha district (10 samples from each block) during the
fieldwork. The samples were collected from sub-surface
layer below 15 cm in the paddy fields during the fallow
period. These paddy fields are located in the 10 blocks
(Balianta, Bhubaneswar, Balipatna, Jatni, Khordha, Begu-
nia, Bolagarh, Tangi, Banapur and Chilika) of Khordha
district of Odisha, India (Fig. 1). The sampling locations
were chosen by considering a homogeneous distribution of
them in the respective blocks. For each sampling location,
the fields were divided into several homogenous units and
surface litters were removed. With the help of spade, “V’
shaped cut was made up to a depth of 15 cm. Slices of soil
was taken out from the sides of “V’ shaped cut. All the soils
collected from a single location were thoroughly mixed and
roots, stones and foreign materials removed. Quartering was
done for each location and required amount of soil placed
in sampling bags. Tagging was done for each bag with sam-
ple number, location and some previous crop information.
The samples were then sent to the soil-testing laboratory at
Orissa University of Agriculture and Technology (OUAT)
for physical and chemical analysis. In addition to the 100
samples collected, few supplementary soil maps prepared
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by OUAT were used. The whole data set was incorporated
in the GIS platform for ‘soil database’ preparation.

In order to prepare the climatic database for rainfall
analysis, daily rainfall was collected from IMD and district
agricultural office. Monthly average rainfall values were
obtained from the daily data for the years 2002 to 2012.
These observations were used as input in the attribute tables
of the point location of the ten blocks as climatic station
rainfall data within GIS platform. It may be noted that rain-
fall is a highly significant piece of hydrologic data and is
recorded through comprehensively designed rainfall station
networks. However, the rainfall records are often incomplete
because of missing data in the measured period, or insuf-
ficient number of stations in the study region. To overcome
this problem, the inverse distance weighting (IDW) interpo-
lation technique was adopted. Interpolation estimates were
made based on available values at nearby locations weighted
only by distance from the considered location.

4 Results and Discussion

Adequate agricultural exploitation of the climatic potentials
and maintenance of land productivity largely depend on soil
fertility and the management of soils that is ecologically
sustainable. For assessing the suitability of soils for crop
production, soil requirements of crops must be known. These
requirements (Table 2) must be understood within the con-
text of limitations imposed. In view of this, the prevailing
soil characteristics of Khordha district were analysed along
with LULC and the climatological variation of temperature
and rainfall in order to support the suitability analysis.

4.1 Prevailing Land Use and Land Cover

The study area (Fig. 1) comes under “East and South-
Eastern Coastal Zone” agro ecological sub-region. Spatial
variability in the LULC distribution over Khordha is quite
evident from the Fig. 3. The southern part of the district is

connected to the famous wetland ecosystem, “the Chilika
Lake”. Thus, the prevailing water bodies are noticeable in
the southern part of the study area. The eastern part of the
district is mostly covered by urban infrastructures, which
include the capital city ‘Bhubaneswar’ and the neighbour-
ing regions. The western part of the district is covered
by natural vegetation as notified reserved ‘forest lands’.
The ‘forest land’ also extends to the northern part of the
region. The mixed vegetation area can be noticed near the
‘forest lands’. The agricultural lands are distributed all
over the district randomly (Fig. 3).

The satellite image of the study area was categorized
with 45 classes through unsupervised classification for
determining the LULC distribution (refer Fig. 2 for meth-
odology). The LULC types were reduced to five broad
classes like water body, forest area, mixed vegetation, agri-
cultural land and urban areas (Fig. 3). Accordingly, the
total area covered under ‘water body’ category was found
to be 6399.27 ha and ‘forest cover’ 27,718.79 ha. How-
ever, ‘mixed vegetation’ and ‘agricultural land’ cover sig-
nificantly larger areas, i.e., 107,722.67 and 122,183.38 ha,
respectively. The satellite image used for this analysis is
for the harvesting month for rice crop, i.e. December. In
Khordha district, the primary crop being the rice crop,
the quantity of agricultural land obtained from the image
analysis is considered as amount of land currently used for
the rice cultivation (i.e. 122,183.38 ha). The built up area
that comprised mostly the capital city Bhubaneswar and
surroundings, covers 11,859.41 ha. The main purpose of
this LULC map preparation was to find out the amount of
land currently under rice cultivation. This calculated area
is based on the LULC distribution during 2010. Moreover,
the same might have changed in the due course of time
because of urban expansion in Bhubaneswar and Khordha
town region. However, it would not influence the suitabil-
ity analysis for rice crop cultivation as far as the quality of
the land is concerned. It might still influence quantitatively
since the rice production is influenced by the reduction in
agricultural land availability.

Table 2 Land evaluation

: Requirement Highly suitable Moderately suitable Not suitable
parameters and rice crop
requirements adopted from FAO  Nj(rogen 150-200 kg/ha 100-150 kg/ha <50 kg/ha
framework (FAO 1976, 1983) Phosphorous 2-3 kg/ha 1-2 kg/ha 0-1 kg/ha
Potassium 30-40 kg/ha 20-30 kg/ha 10-20 kg/ha
Soil pH 5-6 4 <4
Soil organic carbon 0.5-0.75% 0.25-0.5 0-0.25
Rainfall > 950 mm 550-950 mm < 550 mm
Slope 0-3% 3-10% > 10%
Soil texture C, CL, SiCL, SiC, SiL C,L,SCL LS
Soil depth Very deep Deep Shallow
Number of dry months 2-4 5-6 >7
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Fig.3 Land use and land cover 85°0'0"E

85°15'0"E
!

85°30'0"E 85°45'0"E
L 1

map (2010) of Khordha district,
Odisha

20°0'0"N 20°15'0"N
1 )

19°45'0"N
1

N
LAND USE/LAND COVER MAP OF KHURD .
z
re
&
Legend z
o
- Water Body _g
- Forest Area
- Mixed Vegetation
[: Agricultural Land
| Urban Area
Fa
°
4
o
10 20 30 40 -
Kilometers

4.2 Soil and Slope

Soil quality parameters such as pH, nitrogen content,
organic carbon content, potassium content and phospho-
rous content were determined from chemical analysis
carried out at OUAT soil-testing laboratory. For this pur-
pose, standard procedure mentioned in the soil-testing
methods manual (MMSTI 2011) was followed. Further,
the soil-testing results were analysed quantitatively. These
data were validated with the available soil nutrient maps
(1:50,000 scale) of Khordha district. After validation, the
soil thematic maps were prepared for the said nutrients.
According to the soil category map (from OUAT), there
are generally three types of soils available in the Khordha
district, i.e. (1) Alfisols, (2) Ultisols and (3) Entisols.
The Alfisols consisted of the deltaic alluvial soil in the
eastern part and red loamy soils are present in the north-
western parts of Khordha. These soils are light textured,
usually free from lime, deficient in nitrogen, phosphate
and soil organic carbon. The pH of the soil varied from
6.0 to 7.0. Ultisols included laterite and/or lateritic soil,
red and yellow soils and usually seen in the northern and
north central part of the district. The pH of these soils
(Ultisols) range from 4.5 to 6.0. The third category of
soil Entisols, included the coastal alluvial soils along the
Chilika lake and those in the central part of the district.
The texture of this type of soil is generally sandy to loamy
and usually lack in nitrogen, phosphoric acid and humus,
which could be seen in the soil nutrients map (Figs. 4, 5,
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6, 7, 8). All the three types of soil are having potential for
rice cultivation. An exclusive soil map is not included in
this study since the relevant soil nutrient maps are used
in discussing the findings.

‘Soil pH’ is an indication of the acidity or alkalinity of
soil. The most accurate method for determining the ‘soil
pH’ is by a ‘pH meter’. The effect of soil pH is significant on
the solubility of minerals or nutrients. Slightly acidic soils
having a pH value of 6-7 are better for paddy cultivation.
However, it was found to be grown in a wide range of pH
values varying from 4 to 8 (FAO 1976). The soil pH values
of the whole district Khordha varied within the accepted
range 4.5-7.5 and found to be suitable for rice cultivation
(Fig. 4). The soil pH is varied by taking into account the
amount of water present or the submergence level of soil.
Accordingly, it was realized that most of the agricultural
land (Fig. 3) had soil pH in the range 4.5-6.5 (Fig. 4), indi-
cating the region to be quite suitable for rice cultivation.

Nitrogen is also a critical element in profitable rice cul-
tivation. Too little nitrogen results in low yield and profit,
while too much can increase vulnerability to insects and
diseases, high levels of sterility and reduced yield. Although
nitrogen is the most abundant element in the atmosphere,
plants cannot use it until it is naturally processed in the soil,
or added as fertilizer. Fields with no recent history of leg-
umes require a minimum of 90 kg of Nitrogen per hectare
(or 200 kg/ha urea) prior to achieve the desired nitrogen
level. Thus, it was important to understand the soil Nitro-
gen content of Khordha district before performing suitability
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analysis for the rice crop cultivation. The spatial distribution
of soil Nitrogen content is illustrated in Fig. 5. The availabil-
ity of the soil Nitrogen content in the units of kg/ha deter-
mined the amount of fertilizer to be applied in the rice field.
Most of the agricultural land in Khordha district (Fig. 3) was

found to have soil Nitrogen content in the range 100-200 kg/
ha (Fig. 5). This is again quite favourable for rice cultiva-
tion and does not need much application of Nitrogen-based
fertilizers.
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Soil organic carbon, the major component of organic mat-
ter in soil, is extremely important in all relevant processes.
The annual rate of loss of organic matter can vary greatly,
depending on cultivation practices, the type of plant/crop
cover, drainage status of the soil and weather conditions. The
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soil organic carbon is quantified by percentage value and in
this study, the highest amount was found to be 0.75% located
at the northern part of the district (Fig. 6) near the Mahanadi
river basin. The majority of the land has a moderate to high
amount of soil organic carbon content ranging from 0.25
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to 0.75% (Fig. 6) mostly overlapping with the designated
region of agricultural land when compared with the LULC
map of Khordha district (Fig. 3).

Soils having adequate Potassium allow plants to develop
rapidly and outgrow plant diseases, insect damage and pro-
tect against winter freeze damage. Soil minerals are rich in
potassium naturally. Clay soils usually contain more miner-
als and tend to have higher levels of potassium, making it
most suitable for rice cultivation. On the other hand, sandy
textured soils tend to have lower amounts of potassium and
are unsuitable for rice cultivation. The requirement of potas-
sium nutrient in soil is similar to the nitrogen in amount as
far as rice cultivation is concerned. Analysis of the spatial
distribution of Potassium content in the soils of Khordha
district revealed that the values were mostly < 280 kg/ha
(Fig. 7). Moreover, most of the agricultural lands had the
potassium content within 118-280 kg/ha.

Adequate phosphorous availability for plants stimulates
early growth and accelerates maturity. The active phospho-
rous pool that is relevant for the rice crops is the one that
can be released into the soil solution but is generally small in
comparison to the fixed phosphorous types. A brief analysis
of the soil phosphorous thematic map of Khordha district
(Fig. 8) indicated that most part of the region had adequate
amount (< 5 kg/ha) required for rice crop.

Apart from the soil nutrient analysis, slope analysis was
also carried out using SRTM data and given as input to the
GIS platform during the land suitability analysis. The slope
map was prepared from 90 m resolution SRTM data and

T T T T T
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shown in Fig. 9. The map revealed that most of the area of
Khordha district had a slope within a range of 0-6% and
very few areas had a slope of > 30% usually for mountain-
ous regions located in the south-western part. Thus, most of
the land satisfied the rice crop requirement in terms of slope
i.e. < 10% according to FAO guidelines (Table 2).

A comprehensive analysis of the soil nutrient availabil-
ity (Figs. 4, 5, 6, 7, 8) and the requisite slope information
(Fig. 9), along with the consideration of their required ranges
(Table 2), indicates that the region is quite capable of host-
ing rice cultivation. However, it does not guarantee that the
region is suitable for this purpose since the climatic factors
such as the prevailing temperature and abundancy in rainfall
also play a significant role.

4.3 Rainfall and Temperature

Several climatic factors including temperature, solar radia-
tion or sunlight, rainfall and cyclonic storms impact rice
yield by directly influencing the physiological processes and
indirectly through diseases and insects (Yoshida 1981). The
important aspects of rice cultivation such as crop growing
period, productivity and stability, get affected by the said
climatic factors in different ways over tropics. Though tem-
perature is usually favourable for rice growth throughout
the year in the tropical regions, irrigation is not available in
most of the places and, therefore, the rice cultivation usually
starts with rainy season or monsoon. Since abundant sun-
light is available over tropics, analysis of climate data sets

@ Springer



128

S.S.Rath etal.

Fig.9 Slope map of Khordha 85°0'0"E 85°10'0"E 85°20'0"E 85°30'0"E 85°40'0"E 85°50'0"E 86°0'0"E
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for meteorological variables such as near-surface tempera-
ture and rainfall for a specific location can indicate whether
the region is suitable for cultivation of a particular crop or
not. In view of this, near-surface temperature and rainfall
over Khordha district were considered during 2002-2012
taking into account the data availability.

Though temperature-specific analysis is relatively less,
few studies like that of Krishnan et al. (2007) emphasized
upon the impact of temperature on rice yield by taking into
account various stages of growth. According to this study,
temperature is usually on higher side during the sowing stage
followed by a decrease in average temperature in the tillering
stage and increase in temperature is observed during panicle
initiation and flowering stage. During the flowering stage,

the maximum temperature is ~ 34 °C over Cuttack-Bhu-
baneswar region as illustrated by their study. The increase
in temperature results in decrease in yield over this region.
The present study being observational based, found that
during kharif season, the decrease in average temperature
occurred until July agreeing with the findings of Krishnan
et al. (2007). However, the subsequent rise was found to
be until September instead of October as demonstrated by
Krishnan et al. (2007) though ~ 0.9 °C difference in temper-
ature observed between the mean values of these 2 months
(Fig. 10). The possible reasoning could be consideration
of different durations (in terms of year) for monthly vari-
ation of average temperature. According to Krishnan et al.
(2007), the higher value of monthly average temperature

Fig. 10 Variation of monthly 450 35
mean temperature (blue line
with circular marker) and 400 1 L 30
rainfall (red line with diamond 350 -
marker) over Bhubaneswar, and L )5
TRMM rainfall (green dotted - 300 A (?
line with triangular marker) = I T
- . £ 250 20 5
over Khordha District of Odisha = %
~
E 200 A 15 &
é 150 A E
10 =
100 A
50 A 3
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during October corresponds to flowering stage after which
the variation should show a declining trend. Though there is
small difference in the monthly average temperature between
September and October months, the values were in the range
27.5-29 °C, which should be sufficient for flowering. In
addition, the range of monthly average temperature during
kharif period was within 25-31 °C (Fig. 10), which might be
considered as reasonable and favourable for rice cultivation.

In order to understand significance of rainfall during
kharif period, observational data from IMD and TRMM
were considered for illustrating the monthly variations dur-
ing 2002-2012 (Fig. 10). The variation of monthly average
IMD rainfall over Bhubaneswar showed a maximum value of
391.5 mm and the range during June—October period varied
between 204.8 and 166.1 mm. However, the spatio-tempo-
rally averaged TRMM rainfall over whole Khordha district
showed a maximum value of ~ 338.6 mm and the range
varied 210.8—-149.7 mm during the said period. Though
the maximum rainfall occurrence did not coincide as far as
month is concerned, the variations were quite similar.

In order to support the argument of rain fed rice crop-
ping in Khordha, it was also important to know the number
of rainfall days in a month. Therefore, the number of days
in which rainfall occurred over Khordha district was col-
lected from Odisha rainfall monitoring system for the period
2008-2012 as per the availability of data. Monthly aver-
age number of rainy days was computed by considering the
non-zero values of daily rainfall over the district (Fig. 11).
There were ~ 127 days in which rainfall occurred in a year.
However, more than 100 rainfall days were found during the
5 months: June to October period, and each month had more
than 10 rainy days. The maximum number of rainy days was
in July and August (Fig. 11) agreeing with the maximum
average rainfall during these 2 months (Fig. 10). Thus, the
5 months with maximum number of rainy days over Khordha
matched with the main rice cultivation period supporting the
agriculture practice over this region.

Fig. 11 TIllustrating average
number of rainfall days in a
month for Khordha district of
Odisha by taking into account
5 years of data from 2008 to
2012
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During June—October, it appeared from IMD observation,
TRMM data and the Odisha rainfall monitoring system that
Khordha district received significant amount of rain in these
months as obvious from the monthly variations (Figs. 10,
11). The same could further be realized by analysing spa-
tial distribution of annual rainfall (Fig. 12) by considering
appropriate interpolated values through GIS (IDW interpo-
lation is used). The interpolated result provided the values
of rainfall in every point location inside the boundary of the
study area and indicated that moderate amount of accumu-
lated annual rainfall received in the agricultural area during
2002-2012 supporting the requirement for rice cultivation.

4.4 Rice Crop Requirements and Suitability Analysis

Various requirements of rice crop (Table 2) in the agro cli-
matic region of Khordha district were collected from FAO
guidelines (FAO 1983) and included in GIS analysis. Soil
thematic maps or layers (Figs. 4, 5, 6, 7 8) and interpolated
rainfall accumulated values (Fig. 12) created with ArcGIS
were combined in order to perform the suitability analysis
for the rice crop in the study area. The methods followed
for the suitability analysis illustrated in the flowchart shown
in Fig. 13. All the layers separately converted to raster and
weighted overlay analysis was carried out using the raster
layers. Specified ranking was provided for highly, moder-
ately and not suitable lands as ‘rank 1°, ‘rank 2’ and ‘rank
3’, respectively. The overlaying procedure was repeated in
order to discard the urban area and forest cover since they
were not meant for agriculture. Accordingly, the final suit-
ability analysis map was generated and shown in Fig. 14.
The suitability map shows that about 103,934 ha of land
is highly suitable for rice cultivation in Khordha district.
However, a sizable area available is moderately suitable for
the rice cultivation and found to be 91,797 ha. A reasonably
less amount of land (3216 ha) was found to be not suitable
for rice cultivation due to degradable soil conditions and

Average Rainfall Days

No of rainy days
m S o 8
-
d
]
-
—
—
—_—
—
—_—
—
-
]

A < & . < < < 3
& & S > & ° & & <&
w N * 2 \s’c .@'& & & &
v g‘,\’g Q AO\ Qé’
N
Months

@ Springer



130 S.S.Rath etal.

Fig. 12 Spatial distribution 85°0'0"E 85°10'0"E 85°20'0"E 86°30'0"E 85°40'0"E 85°50'0"E 86°0'0"E
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Fig. 13 Illustration of land suitability analysis for rice crop through
flow-chart

insufficient rainfall. However, those areas might be made
reasonably suitable by proper soil treatment and fertilizer
and irrigation application. This calculation did not include
urban and forest areas.

@ Springer

5 Concluding remarks

A regional land suitability mapping is carried out for
Khordha district of Odisha, India. The study takes into
account LULC distribution for the year 2010 in order to com-
pute the amount of agricultural land and classify into three
categories those are highly, moderately or not suitable for
rice crop cultivation. From this analysis it is found that the
total amount of agricultural land is currently 122,183.38 ha
and is relatively less as compared to the amount of land
(195,731 ha) that is potentially suitable for rice cultivation,
which is either highly or moderately suitable type. There-
fore, it is concluded that this region has more potential for
rice cropping as compared to the presently perceived and
cultivated area. The present analysis finds that 103,934 ha is
highly suitable and 91,797 ha of land is moderately suitable
for rice cropping.

The suitability analysis is performed by considering soil
nutrient contents as well as the available near-surface tem-
perature and rainfall data. The soil sample analysis suggests
that there is high amount of nitrogen content (100-200 kg/
ha) and the potassium content in the soil is mostly < 280 kg/
ha, while most of the agricultural lands have reasonable
Potassium content within the range 118-280 kg/ha. The
phosphorous content in the soil is mostly found to be < 5 kg/
ha and is within the desired range or adequate for the rice
cultivation. Similarly, the soil organic content is within the
desired range 0.25-0.75% and the soil pH is in the appropri-
ate range (i.e. 4.5-7.5) as well. Besides these aspects, the
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Fig. 14 Suitability map for rice 85°0'0"E
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water retention capacity should be high to make the soil
suitable for the rice cultivation. In view of these, it is real-
ized that the prevailing soil in Khordha district of Odisha is
quite appropriate to meet the desired nutrient requirements
for the cultivation of rice.

In addition to the soil characteristics and appropriate
agricultural land availability, climatic conditions must be
favourable for the cultivation of rice. The observed monthly
average temperature during June—October, the main period
of rice cultivation, is found to be within the favourable lim-
its, i.e. 25-31 °C. Further, the long-term data analysis for
rainfall suggests that Khordha district receives a substantial
amount of rainfall annually ranging from 1070 to 1634 mm
and during June to October, the received amount lies within
the range 210.8-149.7 mm as evident from the satellite
measurements from TRMM. The receipt of substantial rain-
fall during more than 100 rainy days within the 5-month
period of June—October and the prevailing suitable tempera-
ture is quite encouraging for rice cultivation since they meet
the desired climatic requirements. Though the present study
does not take into account the availability of sunlight or day
length or sunshine, it can still be reasonable to state that the
region receives significant amount of solar radiation during
the kharif season as well as harvesting period since it lies in
the tropical region.

The land suitability analysis suggests that there is a siz-
able area available in Khordha district for rice cultivation
and the unrealized area (currently not under cultivation)
may be considered by the farmers for this purpose. Thus,

the present study is quite helpful from agriculture point of
view, especially the farmers who are interested in rice farm-
ing. Therefore, the land evaluation, LULC mapping as well
as climatic analysis would help the farmers to identify their
lands for optimum use in this region. Though this study is
limited to Khordha district, it can still be performed for
other regions of the country as well as for other crops in
order to have better land utilization and improved and smart
farming. Consequently, the agricultural productivity can be
increased in order to meet the demand of food due to popula-
tion growth and ensure food security.

Further, the changing climate can have a significant
impact on agricultural productivity including that of rice in
India (Mall and Aggarwal 2002; Aggarwal and Mall 2002).
The southern and western parts of India, which have rela-
tively lower temperatures as compared to the northern and
eastern regions, are more likely to show greater sensitivity to
rice yields in the changing climate scenario (Aggarwal and
Mall 2002). In view of this, future studies must include the
impact of climate change on rice cultivation. However, it is
important to be quite careful when results from the impact
assessment studies are used while considering the mean
changes in climatic parameters.
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