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Evaluation of Land Suitability for Different Irrigation Methods Using GIS Techniques
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For practising scientific agriculture, we should understand the potential and problems 
of resources at site specific level. In rainfed areas agriculture solely depends on 
rainfall, availability of irrigation water is the crucial factor which sustains the factor 
productivity. The study area was Annur block of Coimbatore district, belongs to agro 
ecological zone of Tamil Nadu uplands and it is located at 11° 14´ to 11° 23´ N latitude 
and 77° 08´ to 77° 13´ E longitude. To evaluate the suitability of land resources for 
different irrigation method, a parametric approach developed by Sys et al. (1991) was 
followed. For that a semi detailed land resource survey was taken up in Annur block 
of Coimbatore district at 1:50,000 scale using geocoded IRS-P6 PAN merged LISS-III 
data in FCC format. Based on the soil information, land suitability assessment was 
carried out and it revealed that about 1895 ha was not suitable for surface irrigation 
due to poor texture, slope and depth parameters. Those land units which were not 
suitable in surface irrigation system were found marginally suitable (1737 ha) and 
moderately suitable (158 ha) under drip irrigation system. Hence this land evaluation 
method will very much helpful in identifying areas which is suitable or not suitable 
for different irrigation methods so that we can increase the irrigation use efficiency 
by adopting suitable methods.

Soil resources, land suitability, irrigation 
capability index

1.  Introduction

Human civilizations have prospered at places where water 
has been a plentiful resource. But because of climate change, 
erratic rainfall, poor water management, over exploitation of 
ground water and other reasons, water scarcity has emerged as a 
greatest threat to food security. It was said that one third of the 
world population in the developing countries will experience 
water scarcity during first quarter of 21st century (Seckler, 
1999). Among the different use of water, agricultural sector 
consumes about 70% of the worlds freshwater followed by 
industry (23%) and drinking purpose (8%) (Clay, 2004). The 
same time, the water wastage also quite high in agriculture 
sector (Hsiao et al., 2007). Because water management in 
agriculture rely on rainfall, climate, soil and topography 
and it should be site specific. Agriculture in rainfed area is 
concern water is limiting factor for crop production and its 
efficient use is major concern for sustainable agriculture 
(Singh and Kamra, 2000). World Bank statement reveals that 
25% improvement in water use efficiency and crop yields 
would generate an additional food grain production of 44% 
increase in food grain production by the year 2025. Since 
there is a high pressure on water for various uses, an urgent 

improvement should be made to increase the productivity 
unit-1 of water consumed in agriculture (FAO, 2002). For 
that evaluation of land resources is prerequisite to sustain the 
productivity by increasing the water use efficiency (Suresh et 
al., 2002). Land evaluation is the process of assessing the land 
resources for particular use (Rossiter, 1996). Sys et al. (1991) 
developed a parametric approach for land evaluation which 
was primarily soil properties. Nowadays so many methods 
have been developed by different scientists to evaluate the land 
resources for different irrigation methods. Albaji et al. (2008) 
assessed the land suitability for two different irrigation methods 
according to parametric evaluation system in arid climatic 
regions of Shavoor region of Iran using parameter such as soil 
texture, soil depth, calcium carbonate, electrical conductivity, 
drainage and slope. From the different studies it was observed 
that the limiting factors for surface irrigation are soil texture 
(Landi et al., 2008; Ravi Kumar et al., 2007), soil salinity 
(Tesfai, 2002), drainage (Bienvenue et al., 2003), slope (Mbodj 
et al., 2004) and depth (Barberis and Minelli, 2005). Rees 
and Laffan, 2004 studied land suitability for spray irrigation 
using modified parametric system using soil properties of soil 
depth, texture, structure, hydraulic conductivity, stone content, 
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Figure 1: Location map of the study area

massive hardpan and topographic properties of slope, rock out 
crops, water logging and drainage properties. Geographical 
Information System (GIS) is a spatial information system 
which integrates stores, edits, analyzes, and presents the results 
(Maliene et al., 2011). The integration of land evaluation in 
GIS platform can provide a better foundation for addressing 
spatial land evaluation (Thapa and Murayama, 2008). For this 
purpose it is required to have thorough knowledge of soils in 
respect of its characteristics, extent and spatial distribution. 
So a semi recognisance soil survey was carried out in Annur 
block of Coimbatore district to assess the land suitability for 
various irrigation methods.

2.  Materials and Methods

2.1.  Study area

The study was conducted in Annur block of Coimbatore 
district, Tamil Nadu and it is located at 11° 14´ to 11° 23´ N 
latitude and 77° 08´ to 77° 13´ E longitude (Figure 1). It has an 
average elevation of 338 m amsl. The geological formations 
found in the district are complex gneiss mainly hornblende, 
biotite, crystalline limestone, dolerite, charnockite, granite, 
granite gneiss, and quartzite veins. Sub tropical climate prevails 
throughout the area. The area receives mean annual rainfall 
of 850 mm and bulk of the rain is received during South 
West Monsoon (SWM). The mean maximum and minimum 
temperature are 30.5 °C and 18.6 °C, respectively. The soil 
moisture and soil temperature regimes of the area are ustic and 
isohyperthermic, respectively.

2.2.  Soil mapping and analysis

Soil survey was conducted in the study area using 1:50,000 
scale base maps. The IRS-P6 PAN merged LISS III data in 
FCC was visually interpretated and 19 image interpretation 

units were identified using ArcGIS 10.1 software. The prefield 
map showing boundary of image interpretation unit served as 
a base map for the selection of sample strips and ground truth 
collection. After identifying the soil composition in each image 
interpretation unit, by studying the profile, the final soil map 
was prepared by transferring the details of the prefield map to 
the base map of 1:50,000 scale. The image interpretation units 
having similar composition were merged together into sixteen 
soil series and classified according to USDA soil classification 
(Soil Survey Staff, 2010). Particle size analysis was carried out 
by International Pipette method (Piper, 1966). The soil reaction 
(1:2.5 soil water suspensions), electrical conductivity, cation 
exchange capacity and calcium carbonate were determined by 
standard procedures (Jackson, 1973). 
2.3.  Land evaluation procedure
Land suitability evaluation for surface and drip irrigation was 
done by parametric evaluation system (Sys et al., 1991). For 
this evaluation soil morphological, physical and chemical 
properties were taken as inputs. Six parameters includes 
topographical properties such as slope and soil properties such 
as drainage properties, electrical conductivity of soil solution, 
calcium carbonate status, soil texture and soil depth were also 
considered. The rates were assigned to each base on irrigation 
methods from that the capability index for irrigation (Ci) was 
developed as shown in the equation below
Ci=A×B/100×C/100×D/100×E/100×F/100
Where A, B, C, D, E, and F are soil texture rating, soil depth 
rating, calcium carbonate content rating, electrical conductivity 
rating, drainage rating and slope rating, respectively.
According to the results, the suitability index for the irrigation 
capability index was divided into different categories as per 
Sys et al., 1991 (Table 1). The results were over laid over soil 
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Table 2: Suitability rating (Ci values) and suitability class of 
surface and drip irrigation
Codes 
of 
series

Series
Surface 

irrigation
Drip irrigation

Ratings Class Ratings Class
1. Vadavalli 33.35 N1 56.53 S3

2. Vadakkalur 77.16 S2 90.25 S1

3. Annur 
Mettupalayam

58.48 S3 76.95 S2

4. Ambodi 69.26 S2 81.00 S1

5. Pachapalayam 81.23 S1 90.25 S1

6. Kanuvakkarai 46.17 S3 59.85 S2

7. Paduvampalli 42.12 N1 53.55 S3

8. Odderpalayam 73.10 S2 85.50 S1

9. Naranapuram 52.80 S3 80.75 S1

10. Vellanaipatti 55.23 S3 72.68 S2

11. Kunnathur 49.86 S3 68.64 S2

12. Illuppanatham 25.27 N2 48.20 S3

13. Kanjapali 42.75 N1 71.25 S2

14. Kariampalayam 76.71 S2 80.75 S1

15. Allapalayam 81.23 S1 85.50 S1

16. Kuppipalayam 58.48 S3 76.95 S2

map and irrigation suitability was prepared using ArcGIS 
10.1 software. 

3.  Results and Discussion

Nineteen soil series were derived from the semi detailed soil 
study of the area (Figure 2). The soil series found in the study 

area was the basis for the land evaluation. The soils of the study 
area are Alfisol, Vertisol, Inceptisol and Vertisol. Over much 
of the study area, the use of surface irrigation systems has been 
applied specifically for field crops to meet the water demand 
of crops. The major irrigated crops grown in these areas are 
cotton, sugarcane, banana, vegetables viz., brinjal, bhendi and 
lablab etc. There are very few instances of drip irrigation on 
large area farms in study area. Irrigation capability was worked 
out after assigning weightage to each and every parameter for 
all the soil types (Table 2).
Land suitability evaluation for different types of irrigation 
revealed that for surface irrigation, there was no highly suitable 
land (S1) in the study area except soil series coded 5 and 15. 
The soil series coded 2, 4, 8 and 14 were classified under 
moderately suitable (S2) and the other series were classified 
under marginally suitable (S3) except soil series coded 1, 7 and 
13 which was categorized under currently not suitable (N1). 
Soil series coded 12 was evaluated as permanently not suitable 
(N2) due to poor texture, slope and depth parameters (Table 3). 
For drip irrigation there was no area found to be not suitable 
land (N) in the study area (Figure 3).  Most of the soil series 
codes (2, 4, 5, 8, 9, 14 and 15) were found to be highly suitable 
for drip irrigation system. Marginally suitable (S3) soil series 
codes were 1, 7 and 12 due to soil depth and slope. Soil series 
codes 3, 6, 10, 11, 13 and 16 were moderately suitable for 

Table 1: Suitability class and its irrigation capability index 
(Ci) ranges
Symbols Class Irrigation capability 

index
S1 Highly suitable >80
S2 Moderately suitable 60–79
S3 Marginally suitable 45–59
N1 Currently not suitable 30–44
N2 Permanently not suitable >29

Figure 2: Soil map of Annur block representing soil series 
associations
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Table 3: Extent of surface and drip irrigation suitability
Suit-
ability

Surface irrigation Drip irrigation
Soil 

series 
code

Area 
(ha)

% of 
TGA

Soil 
series 
code

Area 
(ha)

% of 
TGA

S1 5, 15 5, 032 4.4 2, 4, 5, 
8, 9, 14, 

15

18, 
608

39.1

S2 2, 4, 8, 
14

12, 
085

27.5 3, 6, 10, 
11, 13, 

16

8, 
367

36.6

S3 3, 6, 9, 
10, 11, 16

9, 700 42.4 1, 7, 12 1, 
737

24.4

N1 1, 7, 13 353 21.6 - -
N2 12 1, 542 3.8 - -

Tale 4: Suitability class can be improved from surface to 
drip irrigation
Suitability class Soil series code Area % of TGA
S2 to S1 2, 4, 8, 14, 12085 42
S3 to S1 9, 1491 5
S3 to S2 3, 6, 10, 11, 16 8209 29
N2 to S3 12 353 1
N1 to S3 1, 7 1384 5
N1 to S2 13 158 1

drip irrigation due to limitations in depth, slope and CaCO3 
content. Almost for the total study area salinity was not a 
limiting factor. Those land units which were not suitable in 
surface irrigation system were found to be marginally suitable 
under drip irrigation system in the study area. It indicates 
that by adopting drip irrigation method instead of surface 
irrigation, an area of 1895 ha can be enhanced from not 
suitable to marginally suitable or around 8209 ha (29%) will 
be improved from marginally suitable to moderately suitable 
or 1491 ha (5%) from marginally suitable to highly suitable 
or about 12085 ha (42%) can be improved from moderately 
suitable to highly suitable (Table 4). The water quality study 
showed that groundwater is good for irrigation (Lalitha, 2011), 

Figure 3: Land suitability classes for surface and drip irrigation 
system
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but the ground water availability is concern study area come 
under overexploited level (>100%-utilization is higher than 
water recharge) and the stages of ground water development 
is 173%. Hence making new bore well is not fruitful one in 
this area, so the one way left out is rain water harvesting and 
to increase the input use efficiently. Adoption of drip irrigation 
system over surface irrigation increases net sown area (3.96 
ha), net irrigated area (3.75 ha), cropping intensity (30%), gross 
margin (22%) in the study area (Goyal, 2014) due to reduction 
of various losses. 

4.  Conclusion

Land suitability evaluation for different irrigation methods 
revealed that adoption of drip irrigation system will bring 
additional area under cultivation by increasing the water use 
efficiency. Farmers who are all practising surface irrigation 
in areas where it is marginally suitable for surface irrigation 
can adopt drip irrigation system so that they can increase 
their cropping intensity. Hence the shifts from surface to drip 
irrigation systems therefore offer significant water saving 
potentials and increase their economic production. 
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