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ABSTRACT:

In India, the state of Kerala and Kanyakumari district of Tamil Nadu state are the
traditional rubber growing areas accounting for 90 per cent of rubber production.
Rubber Board of India under the Ministry of Commerce, Government of India has
robust statistics on area under rubber cultivation based on sample survey technique,
but this is a costly and time consuming process and it will not give spatial and
temporal distribution of rubber cultivation. Rubber Research Institute of India (RRII)
initiated a project on developing rubber information system using remote sensing and
GIS for the traditional rubber growing areas. In continuation of the experience and
results reported earlier, the present effort is an additional step towards analysis,
understanding available data and updating rubber information system using modern
available tools. Rubber showed a unique spectral signature and it helped to separate
rubber plantations of more than four years old from different vegetation. In Kottayam
district, total area under rubber (more than 4 year old) was estimated as 66,105.67
hectares. This was distributed mainly in Meenachil taluk (44.7%) followed by
Kanjiraplly (23.6%), Kottayam (17.4%), Chenganassery (10.4%) and Vaikom taluk
(3.9%). In Kottayam district major rubber area is distributed on moderately suitable
land followed by highly suitable land. About 11 per cent of rubber area is distributed
on marginally suitable land having limitation with respect to shallow soil depth, high
gravel content, nutrient toxicity/deficiency and steep slope. Rubber distribution over
different slope classes showed that 49 per cent of area distributed on 5-15 per cent
slope which is ideal for rubber cultivation. The remaining rubber area was distributed
on lower or higher slopes where waterlog or run off and soil erosion problems may be
encountered. It is essential to take up appropriate agronomic and cultural measures in
the areas having limitations for proper growth and vyield of rubber. Land utilization
maps with these information will serve as decision support tools for the extension
people, planners, administrators and farmers.

1 INTRODUCTION

Agricultural application of remote sensing technology in crop area estimation is well
known in India. There are programmes on crop acreage estimation using satellite
imagery sponsored by many governments, including India. The greatest advantage of
satellite imagery is the synoptic view and possibility for multi-temporal observations
facilitating change detection at reasonable cost and time. Feasibility of mapping
rubber area distribution using remote sensing technique has been reported earlier
(Menon, 1991, Menon and Ranganath, 1992, Rao et.al.,, 2001 and Rao et al., 2003
and 2003a). Rubber Board, Government of India, collects data on area under rubber



cultivation through sample survey technique, which is costly and time consuming
coupled with no feasibility to monitor spatial and temporal changes. In addition, this
database cannot be integrated with other spatial information. Rubber Board got the
soils under rubber inventoried in the States of Kerala and Tamil Nadu (NBSS & LUP,
1999). An idea about Rubber Information System using remote sensing and GIS
techniques was mooted during 2003 (Rao and Punnoose, 2002; Rao et al., 2003).
Rao et al. (2006) reported the convergence of application of modern tools; remote
sensing, GIS and GPS to study soils in relation to rubber plantations in Kanyakumari
district, India. The present paper intendeds to add more in the course of progression
in the development of an existing Rubber Information System consequent to
rearrangement of soil maps, availability of updated area statistics using remote
sensing and DEM (digital elevation model) derived landscape attributes, to understand
the dynamics of rubber plantation activity in the parts of traditional region of rubber
cultivation in India.

2 METHODOLOGY
2.1 Study Area:

Study area covered Kottayam district in Kerala State, located in southern part of India
with its geographical coordinates between 76°21’ to 76°59' E longitude and 9°23' to
9°53' N latitude. It enjoys about 3000 mm monsoonal rainfall during May-December.
Dominant vegetation types of the district include rubber, paddy, coconut, teak, mixed
vegetation/homestead farming and forest. The district has distinct physiographic units
like low, mid and uplands extending from West to East direction, while the famous
Vembanad Lake forms a boundary of the district on the western side.

2.2 Inventory Data and Processing

The digital data acquired by LISS Il sensor of IRS P6 on 13" Feb 2005 was
processed to extract the rubber distribution map of Kottayam district.  This
geographical area was traced in the satellite imagery pertaining to path 100 and row
60. The satellite image was geo-referenced to the Survey of India toposheets in I:
50000 scale and clipped the image using the 1:2,50000 scale district boundary. The
digital image was classified by supervised classification algorithm using the maximum
likelihood method. Classified image was cross-verified with limited ground truth survey
using handheld GPS (Garmin GPS V). Classified image was converted into vector
format and from this vector map, we selected and extracted polygons representing
rubber and saved as rubber distribution map for further analysis in GIS. Similarly,
necessary themes were extracted from soil maps showing land suitability (after
concatenation of 1:50000 scale maps into district level maps presented in 1:200000
scale) by vectorisation. DEM acquired during the SRTM (shuttle radar topography
mission) with 91.7 m resolution was downloaded and clipped for the district using the
vector boundary. Landscape attributes like slope (in per cent) was extracted from the
DEM and generated slope map with eight classes as suggested by the National
Bureau of Soil Survey and Land Use Planning (NBSS&LUP, 1999). Overlay analysis
of theme layers namely rubber distribution map and land suitability map was done in
vector GIS where as overlay analysis of rubber distribution and slope classes was
done in raster GIS. Software, Geomatica (Version 10.1) was used for image
processing, classification, vectorisation, slope extraction from DEM and vector overlay
analysis while ILWIS 3.4 was used for raster overlay analysis.



3. RESULTS AND DISCUSSION
3.1 Distribution of rubber

FCC (False Colour Composite) image for Kottayam district (Fig.1) clearly revealed the
physiographic and other geographic features like road network, water bodies and
various types of vegetation found within this image. Mean reflectance of major kinds
of vegetation is given in figure 2, which showed the distinct reflectance of rubber
vegetation in band 3 in comparison of other vegetation. This was due to the reflective
epicuticular wax coating on the leaves of rubber. Rubber is a deciduous tree that
sheds leaves during December and refoliates completely by January. Where as other
deciduous trees shed leaves but will not refoliate until good summer showers are
received during April-May. This particular period is one of the key identifiers to isolate
rubber vegetation from other deciduous species (Rao et.al., 2003).

It was found that the age of rubber plantation could result in variation in spectral
reflectance even within a given rubber clone. Younger rubber plantation indicated
higher reflection in band 3 due to their closed and thick canopy than older plantation.
It was noticed that the thickness of canopy declined with progress in age with
complete defoliation during wintering when compared to young plantation of same
clone. Rubber plantations of less than 4 years age could not be classified because of
their partial closure of canopy. Gopinathan and Samad (1989) also opined similarly
when they tried to map rubber plantation using TM data in Kerala. Moreover, the
reflectance pattern is difficult to be resolved because of mixed reflectance due to
variation in the crops associated with rubber viz.: intercrops, cover crop or natural
cover.

Supervised Classification helped delineation of rubber area from other vegetation with
reasonable level of accuracy and within limited time frame (Table 1). Overall accuracy
of image classification was significantly high (97%) with a Kappa coefficient of 0.95
indicating the reliability of supervised classification. Rubber distribution map was
generated after supervised classification and the result presented in Figure 3.
Calculation of pixels under rubber class indicated that rubber plantations of more than
4 years age occupied 66106 hectares. Physiographic analysis indicated that rubber
was mainly concentrated in the midland and account for 30 per cent of geographical
area of the district. Meenachil taluk accounted for 44.7 per cent area under rubber
while Kanjirapally taluk accounted 23.6 per cent area. An area of 17.4% was found in
Kottayam taluk while Chengassery taluk had 10.4 % area under rubber and the lowest
area of 3.9% was calculated for Vaikom taluk. This estimated area did not tally with
the Rubber Board official statistics on rubber area under Kottayam district. This may
be due to un-accounting of rubber holdings below 4 years age and also may be due to
mixed pixel from the other vegetation surrounding the small rubber holdings. So this
calls for refining the vegetation classification technique to address this issue.

3.2 GIS analysis

Theme layers namely rubber distribution, land suitability and slope were analysed in
GIS environment and presented in figures 4,5 & 6 and Table 2. Major portion of rubber
area (47.9 %) is distributed on moderately suitable land followed by 33 per cent on
highly suitable area (Table 2). Rubber is also grown on marginally suitable land (11%)
and is mainly concentrated in Meenachil, Chenganassery and Vaikom taluk. Very little
area under rubber is planted on land not suitable for cultivation. Marginal areas are
constrained with low soil depth, soil erosion, gravelyness and low nutrient status.



Hence there is a need to take appropriate agronomic and cultural measures to
mitigate or to reduce the adverse effects of these identified constraints on growth and
yield of rubber. It was found that rubber also existed outside the area surveyed for
mapping of soils by the NBSS and LUP during 1996, which indicated the extension of
rubber cultivation during 1996 to 2005 in the study area. This was obviously because
of higher economic return from rubber cultivation and effective extension and
promotional campaign by the Rubber Board. Because of this expansion of area under
rubber, there is a need to update the information on these soils too, which is made
easier with the present technique.

Taluk wise information on rubber distribution in relation to an important landscape
attribute, slope was given in figure 5. About 49 per cent of rubber area is distributed in
5-15 per cent slope, which is generally reported to be ideal for rubber. However,
about 27 per cent of mapped rubber area is distributed on the lower side while 24 per
cent of area is on the higher side of the range of slope i.e. 5-15 per cent. Obviously, it
is likely that the area with less than 5% slope may face water logging and the area on
higher slopes may be constrained with erosion and run off problems. There are
reports of decrease in yield due to accelerated run off and erosion in China (Chan
et.al., 1975). Hence this calls for greater attention to device suitable control measures
to realize the best from rubber plantations in both situations. In traditional regions,
rubber is grown on highly weathered soil with rainfall around 3000 mm, and the impact
of soil erosion will be more severe compared to other soils (Lal, 1998). Special
attention is needed in young plantations since the mature plantations may not suffer
from that intense impact of falling rain drops because of the closed canopy. However,
there are recommended practices of soil and water conservation measures in place
which include raising legume cover crop, silt pitting, bunding and terracing etc.
Rubber was traditionally known to be cultivated in the midland portion of the state.
Because of its attractive economic return, its cultivation has spread to other areas.
Outside the surveyed area rubber cultivation mainly distributed on level to moderate
slope land and to some extent on steep slope land also (Fig.6). This extension mainly
happened by converting area under other crops to rubber. There is a concern about
the extension of rubber area to level area where crop performance may be affected
due to drainage problem and to higher altitudes where agro-climatic conditions are
less congenial for rubber cultivation.

4.0 CONCLUSION:

It was seen that the use of modern tools of database management gave enormous
information about the dynamics in plantation activity, landscape attributes. It was
clear that such exercises can be extended to other districts to make the Rubber
Information System (RIS) much finer which will help in the decision making processes.
It is important to remember that the use of modern technology is cost and time saving
one
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Fig. 3 Rubber Distribution map for Kottayam Distric t

Fig.4 Land Suitability Classification for rubber
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Table 1: Supervised Classification

Areas Percent Pixels Classified by Code

Name Code | Pixels 0 1 2 3 4 5 6 7 8 9 10 11 12

Rubber | 1 742 | 3.23 | 95.82 0 0 0 0 0| 094 0 0 0 0 0
Rubber I 2| 1441 1361 | 0.35] 96.04 0 0 0 0 0 0 0 0 0 0
Forest | 3 362 | 3.04 0 09641 | 0.28 0 0| 0.28 0 0 0 0 0
Forest Il 4 576 | 3.3 0 0| 0.35]|95.66| 0.52 0 0| 0.17 0 0 0 0
Teak 5| 425 |1.65 0 0 0 0| 98.35 0 0[O0 0 0 0 0
Coconut/Areca 6 430 | 2.33 0 0 0 0 0]97.44 | 0.23 0 0 0 0 0
Mixed 7 438 | 2.74 | 0.46 0 0 0 0| 0.23]96.35 0 0] 0.23 0 0
Paddy 8 352 | 1.42 0 0 0| 057 0 0 0]98.01 0 0 0 0
Paddy 9 443 | 1.81 0 0 0 0 0 0 0 0]98.19 0 0 0
Paddy 10 422 | 2.13 0 0 0 0 0] 047 | 0.24 0 0]97.16 0 0
Lake/Deep Water 11 | 10640 | 2.73 0 0 0 0 0 0 0 0 0 0|97.27 0
Stream/shallow water 12 821 | 5.24 0 0 0 0 0 0 0 0 0 0]94.76

Average accuracy = 96.8 %
Overall accuracy = 97.0 %

KAPPA COEFFICIENT = 0.94989 Standard Deviation = 0.00214

Confidence Level:
99% 0.94989 +/- 0.00553
959% 0.94989 +/- 0.00420
90% 0.94989 +/- 0.00353




Table 2: Talukwise rubber distribution in different land suitability classes (ha)

Taluk
Grand

Land suitability classes Chenganassery  |Kanjirapally  Kottayam Meenachil Vaiko m Total
Currently not suitable (N1-S2cd-S3d 470.3 213.6 -- -- -- 683.9
High to moderately suitable ((S1-S3d) 412.0 212.1 9 26.5 4004.7 -- 5555.3
High to moderately suitable (S1-S2d-N2) -- 1643.3 -- -- -- 1643.3
Highly suitable (S1) 585.1 1299.7 1688.5 3875.5 72.13 7521.0
Highly to moderately suitable (S1-S2d) 533.7 2176.5 1592.6 2476.9 55.52 6835.3
Marginally suitable (S3e) -- -- -- 1674.8 1674.8
Marginally suitable (S3e-S3ed) 28.8 -- 930.4 959 .2
Marginally to moderately suitable (S3d-S2e) 214 95 .3 - 216.7 800.11 1133.5
Marginally to moderately suitable (S3dx-S2c) 995.0 107.3 75.3 1888.4 3066.0
Marginally to moderately suitable (S3g-S3d_S2n) 70. 7 -- 239.9 21.1 9.93 341.5
Marginally to permanently not suitable (S3e-N2) - 53.6 - 180.4 - 233.9
Moderate to marginally suitable (S2d-S1-S3d) 128.9 2073.2 43.0 2247.2 712.78 5205.1
Moderate to permanently not suitable (S2e-N2) - - - - 239.5 - 239.5
Moderately suitable (S2c) -- -- -- 27.0 -- 27.0
Moderately suitable (S2e) 174.0 5071.4 636.7 5804.4 -- 11686.5
Moderately to marginally suitable (S2c-S3d) 2151.2 2026.6 5470.3 4175.2 295.06 14118.4
Grand Total 6843.2 15583.2 11532.7 29564.7 2581.81 66105.7
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