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Commercial agriculture inside reserve
forests — the case of natural rubber
cultivation in Kanyakumari district,
Tamil Nadu, India

James Jacob* and B. Pradeep
Rubber Research Institute of India, Kottayam 686 009, India

Satellite-based remote sensing data was used in con-
junction with toposheets of forest maps to estimate the
extent of natural rubber cultivation existing inside re-
serve forests and their immediate peripheries in Kanya-
kumari district. The study revealed that nearly 15%
of the total natural rubber cultivated area in the dis-
trict was inside reserve forests and another 14% was
within a radius of 500 m from the forest boundary.
Ironically the entire natural rubber cultivated inside
the forests and bulk of that existed adjacent to the fo-
rests were owned by a public sector undertaking (PSU)
of the state government. This PSU was formed in 1984
with the objective of rehabilitating the Sri Lankan
Tamil repatriates. There are more such PSU planta-
tions inside and adjacent to forest periphery in Tamil
Nadu, Kerala and Karnataka that were established
with equally noble causes, but they put severe pressure
on the forests, fragmenting them and blocking wildlife
corridors. Incidents of man—wildlife conflicts are not
uncommon in these plantations. A serious scientific in-
trospection is needed about the ecological, economic
and social sustainability of these commercial PSU
plantations developed inside and close to forests and
whether they should be now reverted to forests and set
a new and bold example for conservation. The current
generation of plantation workers who are descendants
of Sri Lankan Tamil repatriates should be trained for
better jobs elsewhere.

Keywords: Ecological conservation, GIS, reserve forests,
rubber plantations, satellite data, Western Ghats.

THERE exist large extents of natural rubber and other
commercial plantations inside and adjacent to reserve
forests in many parts of India, particularly along the
Western Ghats and the North East Region' . Expansion
of plantation agriculture in the country in the past is a
classic example of developmental and conservation im-
peratives coming into direct conflict with each other. The
case of natural rubber cultivation in Kanyakumari district,
Tamil Nadu, India, where the present study was undertaken
on a pilot basis, is a typical example. While acknowledging
that it will be extremely difficult to arrive at a universally
acceptable definition for sustainability in such conflicting
scenarios, there is growing consensus that environmental
impacts of developmental activities should be at an accept-
able low level.
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Historically, plantation agriculture such as rubber, tea
and coffee was practised in biodiversity hotspots like the
Western Ghats after deforestation of large forest areas™*”.
Obviously these commodities are always needed by man
and there are few environmentally less harmful substi-
tutes for them. For example, natural rubber is an indis-
pensable industrial raw material even as synthetic rubbers
constitute a significant share of the total usage. Synthetic
rubbers, manufactured entirely from petroleum stocks
have much larger ecological, social and carbon footprints
than natural rubber®®.

Kanyakumari district, the only region where natural
rubber can be grown in Tamil Nadu, has the best agro-
climatic conditions in India to cultivate this crop’. This is
also one of the earliest rubber-growing regions in the
country. In the present study, using satellite-based remote
sensing data and forest boundary maps, we estimated the
extent of natural rubber cultivation inside reserve forests
and along the forest periphery in this district. We present
a case for starting a national dialogue on whether public-
sector commercial plantations established inside and along
reserve forest fringes should be reverted to natural forests.

Spatial distribution of natural rubber plantations in
Kanyakumari district was mapped using satellite-based
remote sensing data. Multi-spectral satellite data were
used for the work (Resourcesat 1, L-3, 101/68, 23.5 m, 25
March 2012). Satellite data pre-processing such as ortho-
rectification, normalized differential vegetation index
(NDVI) generation, image classification and ground truth
were carried out to estimate the natural rubber cultivated
area. Preliminary satellite data was interpreted using visual
elements such as colour, tone, texture, pattern and terrain
conditions. Spectral signature of rubber trees was standar-
dized (young and mature trees) prior to mapping and anal-
ysis. Major spectral changes of natural rubber trees occur
during December to March when they undergo wintering
and refoliation. This could be observed by generating
NDVI of the plantations and analysing other dominant
land uses/vegetations present in the district. Using these
spectral signature variations, natural rubber area (age
three years and above) was delineated and corroborated
with ground-truth information.

Forest boundary maps obtained from the Survey of India
toposheets were used in conjunction with the natural rubber
distribution map for spatial analyses. Buffer distances
of 500 and 1000 m were created from the periphery of the
reserve forest in the GIS platform and distribution of natu-
ral rubber plantations was spatially analysed. Identification
of natural rubber plantations physically sharing boundary
with forests (i.e. contiguous with forests) was not always
possible due to the less-than-sufficient resolution of the
satellite data used in this analysis. Buffer analysis tool in
ArcGIS platform was employed for this and the spatial
extent of natural rubber plantations falling inside the re-
serve forest, and 500 and 1000 m from the forest boun-
dary was estimated.
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Figure 1.
Tamil Nadu, India.

With 22,000 ha which is roughly 30% of the net sown
area of the district, natural rubber cultivation is a signifi-
cant land-use activity in Kanyakumari district. Nearly 93%
of these plantations is distributed in Kalkulam and Vila-
vancode taluks, and these are concentrated largely towards
the Western Ghats in the east (Figure 1). Almost the entire
reserve forest (50,486 ha) in the district is also concentra-
ted in the same area'® and 3328 ha of natural rubber plan-
tations could be seen inside the forest (Figure 1). Another
3066 ha of the plantations fell within 1000 m from the
forest boundary and half of that was within 500 m from
the boundary. Thus almost 29% of the total area under
natural rubber cultivation in the state is either inside or
close to reserve forests, which is a startling finding.

Based on ground-truth visits (Figure 1) it was confir-
med that the entire natural rubber plantations found inside
the reserve forest and a large share of the plantations in
their close proximity were owned by a public sector un-
dertaking (PSU) under the Department of Environment
and Forests, Government of Tamil Nadu. In 1984 with
the primary objective of rehabilitation of Sri Lankan Tamil
repatriates, this PSU developed nearly 4200 ha of natural
rubber plantations, which it planted after clearing forests.

320

Geospatial distribution of forests and natural rubber plantations inside and close to forests (500 and 1000 m) in Kanyakumari district,

The entire natural rubber plantation of this PSU is either
inside the reserve forest or within 500 m from the forest
boundary. This leaves only about 540 ha of plantations
under the ownership of private citizens within a distance
of 500 m from the forest boundary.

Encroaching forests by private individuals for cultivating
crops, including natural rubber was not uncommon in the
Western Ghats states until as recently as the middle of the
second half of the 20th century™''. Natural rubber-growers
are accused by environmentalists and conservationists,
and often rightly so, of land grabbing and deforestation
for expanding their rubber cultivation. However, in Kanya-
kumari district, private rubber planters who are mostly
small and subsistence farmers with a mean rubber-holding
size of just 0.5 ha have much less culpability for defore-
station.

Even as late as the 1980s, large-scale conversion of
forest into natural rubber plantations occurred in Tamil
Nadu under the supervision of the state government, des-
pite efforts by conservationists to prevent it through legal
interventions. The decades of the 1970s and 1980s saw
some of the stringent wildlife and conservation Acts
enacted and laws laid down in India. This was also the
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time when environmental awareness and conservation
movements were strong in the country after the historic
success of the iconic Silent Valley Movement. In the con-
temporary enlightened society which gives nature and con-
servation a prime place, forest conversions like that in
Kanyakumari or other places for natural rubber and other
plantation crops by the state governments would be politi-
cally suicidal. There are allegations that several develop-
mental projects inside forests and other protected areas
are being given approval, diluting wildlife and conserva-
tion laws in different parts of the country.

The present analysis in Kanyakumari district on a pilot
basis can be extended to other states and plantation crops,
including North East India, where natural rubber cultiva-
tion is fast expanding. Citing instances of rubber cultivation
inside reserve forests, open forests and degraded forests
in parts of North East India, research has revealed serious
concerns of monoculture rubber plantations becoming a
major threat for forests and biodiversity in the region'.
Presently, the Government of India is in the process of
implementing a major programme for accelerated expan-
sion of natural rubber cultivation in the North East with
financial assistance from the Automotive Tyre Manufac-
turers’ Association. The Indian rubber industry in general
and the automotive tyre industry in particular are con-
cerned about the rising deficit in the domestic supply of
natural rubber, even as its industrial demand is steadily
on the rise'*"*. According to provisions of the Scheduled
Tribes and Other Traditional Forest Dwellers (Recogni-
tion of Forest Rights) Act, 2006, tens of thousands of forest
land will be available to forest-dwelling native communi-
ties to take up plantation agriculture, including natural
rubber cultivation in the North East. Globally, natural
rubber farming has recently attracted much negative pub-
licity even as a boom in expansion of rubber cultivation
triggered by the historic rise in rubber price in the last
decade led to considerable loss of forests and biodiversity
in countries such as China, Laos, Cambodia, Myanmar,
Thailand, Indonesia and Vietnam'*'®. Environmental con-
cerns of rubber monoculture in a biodiversity hotspot like
North East India raised by several researchers also need
to be considered'”'®. The present study acts as a pointer
towards balancing expansion of natural rubber plantation
and conservation in the fragile sub-Himalayan region in
North East India.

The state-of-the-art technique adopted in the present
study could be extended to more states in the country and
other plantation crops such as coffee and tea, which may
reveal more inconvenient truths about large-scale forest
conversions that have taken place in the past for estab-
lishing commercial plantations under the public sector
and possibly also by private planters.

There are serious concerns about the ecological sustai-
nability of commercial PSU plantations that have caused
large-scale loss of biodiversity, fragmentation of forests
and obstruction of wildlife corridors'**’. Patches of natu-
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ral rubber plantations belonging to the PSU plantation in
Kanyakumari district which used to be well-established
elephant corridors, have been abandoned and returned to
the State Forest Department. Some of these commercial
PSU plantations have accrued huge financial losses. The
PSU rubber plantation in Kanyakumari district has the
lowest rubber productivity in the country.

There are also concerns about the long-term social sus-
tainability of the commercial PSU rubber plantations.
While this plantation under study provided the much
needed succour to Sri Lankan Tamil repatriates at a crucial
and tragic time in their past, the situation is different today.
The present generation of descendants of the Sri Lankan
repatriates should be encouraged to find better livelihood
opportunities outside the rubber plantations.

Rising anthropogenic pressure leading to forest degra-
dation and fragmentation, decline in food and water inside
the forests as a result of prolonged drought, forest fires,
etc. due to climate change can increase man—wildlife con-
flicts in the future in plantations existing in close proximity
to forests. Maps of commercial plantations and forests
made using satellite-based remote sensing data of much
higher resolution than what is used in the present study
can give more precise information, such as the exact loca-
tions and length of natural rubber plantations or other
crops sharing a common boundary with the forests,
whether these plantations block any wildlife corridors,
etc. However, the present findings are sufficient to start a
national dialogue on the future of commercial PSU plan-
tations situated inside reserve forests in different parts of
the country.

It will be unfair to sit in judgement over past conversions
of forests into plantation agriculture when environment,
biodiversity and forest conservation issues were not major
concerns as they are now. But today’s more enlightened
society can take corrective actions for the past damages
done to forests and biodiversity in the name of expansion
of commercial plantation agriculture in ecologically sen-
sitive areas and biodiversity hotspots in India.

Studies have shown that weeding is not essential and
the natural flora can be allowed to grow inside a mature
natural rubber plantation without adversely affecting the
growth and yield of rubber trees”'. This will improve bio-
diversity inside natural rubber plantations; a welcome
step of symbolic atonement for the past mistakes of de-
forestation and biodiversity loss caused by natural rubber
cultivation. However, the undergrowth may provide a
safe heaven for wild animals lurking in the rubber planta-
tions close to forests.

Perhaps the time is now ripe to start a national dialogue
among conservationists, policy makers, academia and the
general public on whether these PSU plantations have
already outlived their intended purposes, assess the eco-
logical, economic and social sustainability of these agri-
cultural enterprises established inside and bordering the
forests, and whether these should be reverted to forests. A
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new and more sustainable alternative strategy to rehabili-
tate the plantation workforce is also urgently needed.

Conflict of interest: The authors declare no conflict of in-
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1. Chakraborty, K., Sudhakar, S., Sarma, K. K., Raju, P. L. N. and
Das, A. K., Recognizing the rapid expansion of rubber plantation —
a threat to native forest in parts of northeast India. Curr. Sci.,
2018, 114(1), 207-213.

2. Reddy, C. S., Jha, C. S. and Dadhwal, V. K., Assessment and
monitoring of long-term forest cover changes (1920-2013) in
Western Ghats biodiversity hotspot. J. Earth Syst. Sci., 2016, 125,
103-114.

3. Thomas, S. and Jacob, J., The Gadgil-Kasturirangan reports on
Western Ghats and concerns of the plantation sector. Rubber Sci.,
2013, 26, 167-174.

4. Jha, C. S., Dutt, C. B. S. and Bawa, K. S., Deforestation and land use
changes in Western Ghats, India. Curr. Sci., 2000, 79(2), 231-238.

5. Satheesan, V., Jayakumar, M., Varadan, M. and Unni, N., Effect
of conversion of natural forests into plantation crops and water use
in the Western Ghats. In Proceedings of the Fifth Kerala Science
Congress, Kottayam, 28-30 January 1993, pp. 71-73.

6. George, B., Varkey, J. K., Thomas, K. T., Jacob, J. and Mathew,
N. M., Carbon dioxide emission reduction through substituting
synthetic elastomers with natural rubber. In Kyoto Protocol and
the Rubber Industry (eds Jacob, J. and Mathew, N. M.), Rubber
Research Institute of India, Kottayam, 2006, pp. 133—146.

7. Jacob, J., Rubber tree, man and environment. In Natural Rubber:
Agromanagement and Crop Processing (eds George, P. J. and Jacob,
C. K.), Rubber Research Institute of India, Kottayam, 2000, pp.
599-610.

8. Jacob, J., Forestry and plantations: opportunities under the Kyoto
Protocol. Econ. Polit. Wkly, 2005, 60, 2043-2045.

9. Raj, S. and Jacob, J., Identification of agro-climatically suitable
areas for natural rubber cultivation in left wing extremism affected
states. Rubber Sci., 2018, 31(2), 152—-163.

10. GSI, District mineral survey report of Kanyakumari district, Geo-
logical Survey of India and Directorate of Geology and Mining,
Kanyakumari, Tamil Nadu, 2018, pp. 41-42.

11. Kumar, B. M., Land use in Kerala: changing scenarios and shift-
ing paradigms. J. Trop. Agric., 2005, 42(1-2), 1-12.

12. Joseph, J. and Jacob, J., Over-dependence of Indian rubber indus-
try on imported natural rubber of long-term sustainability. Rubber
Sci., 2018, 31(1), 1-9.

13. Narasimhan, T. E., Natural rubber production declines, demand—
supply gap rises to 45%. Business Standard; https://www.
business-standard.com/article/economy-police/natural-rubber-pro-
duction-declines-demand-supply-gap-rises-to-45-119031300213 1.
html (accessed on 26 November 2021).

14. Ahrends, A., Hollingsworth, P. M., Ziegler, A. D., Fox, J. M.,
Chen, H., Su, Y. and Xu, J., Current trends of rubber plantation
expansion may threaten biodiversity and livelihoods. Global Envi-
ron. Change, 2015, 34, 48—58.

15. Chen, H., Yi, Z.-F., Schmidt-Vogt, D., Ahrends, A., Beckschifer,
P. and Kleinn, C., Pushing the limits: the pattern and dynamics of
rubber monoculture expansion in Xishuangbanna, SW China.
PLoS ONE, 2016, 11(2), 1-15.

16. Fox, J. M., Castella, J. C., Ziegler, A. D. and Westlay, S. B., Rubber
plantation expands in mountainous southeast Asia: what are the
consequences for the environment? Asia Pacific Issues, East-West
Centre, 2014, vol. 114, pp. 1-8.

17. Roy, M., Saha, A. and Roy, M., Ecological impact of rubber plan-
tations: Tripura perspective. Int. J. Curr. Res., 2014, 2(11),
10334-10340.

322

18. Mazumdar, A., Datta, S., Choudhary, B. K. and Mazumdar, K., Do
extensive rubber plantation influence local environment? a case
study from Tripura, Northeast India. Curr. World Environ., 2014,
9(3), 768-779.

19. Gupta, N., Rajvanshi, A. and Badola, R., Climate change and human—
wildlife conflicts in the Indian Himalayan biodiversity hotspot. Curr.
Sci., 2017, 113(5), 846-847.

20. Kale, M. P., Talukdar, G., Panigrahy, R. K. and Singh, S., Patterns
of fragmentation and identification of possible corridors in north
Western Ghats. J. Indian Soc. Remote Sensing, 2010, 38, 401-413.

21. Tjitrasamito, S., Weed management on a rubber plantation with
special reference to minimum tillage cultivation. In JIRCAS Inter-
national Symposium, Japan, Series No. 4, 1996, pp. 65-75.

Received 26 November 2021; accepted 20 December 2021

doi: 10.18520/cs/v122/i3/319-322

Potential of native forest leaves to
modulate in vitro rumen fermentation
and mitigate methane emission

Shilpa Choudhary"*, Ashok Santra’,
Srobana Sarkar’, Ajoy Mandal' and
Subrata Kumar Das'
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Tree foliages rich in phytochemicals can be used as
sustainable fodder for livestock to modulate rumen
fermentation for cleaner and improved production.
Samples of nine different forest tree leaves were col-
lected from hilly regions of Arunachal Pradesh, India
to study their effect on in vitro rumen fermentation
and methane production. After 24 h of incubation,
highest (P < 0.05) gas production (ml/g DM/24 h) was
observed in Symplocos racemosa among the leaves.
Methane production (ml/g DDM/24 h) was lowest
(P <0.05) in Symplocos crataegoides followed by Ber-
beris aristata leaves, while in vitro true dry matter di-
gestibility was highest (P < 0.05) for Berberis aristata
leaves. In case of rumen fermentation attributes, B.
aristata and S. crataegoides produced maximum vola-
tile fatty acid and microbial biomass amongst other
screened leaves. Therefore, these leaves can be used as
a fodder supplement to address feed scarcity and re-
duce methanogenesis in ruminants of the North East
hilly regions of India.
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