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Abstract

Agricultural land-use changes in Kerala during the past half-century were marked by an initial increase in tota cropped area
(26% between 1960 and 1969), followed by dramatic shiftsin the coverage of individual crops. For example, rice area dropped
by 60% between 1975 and 2003, while the cultivation of coconut, rubber, arecanut and bananat+plantains increased spectacularly
(106, 627, 41 and 96% respectively between 1955 and 2000). Agricultural expansion coupled with over-exploitation of forests
has affected the state’s forest ecosystems, however. Primary forests dropped substantially between 1940 and 1970—average
loss of publicly managed forests being 5000 ha per year. Satellite imageries show a further drop thereafter, with a concomitant
loss of biodiversity. As monospecific cultivation methods became extensive and the live fences/scattered trees on farmlands
were decimated, the capacity within the agricultural sector to meet its own demands (green manure, poles, fodder, firewood and
timber) also reduced, which in turn, increased the dependence on forestlands.

In the light of environmental degradation and the need for climate change mitigation, a paradigm shift in the state’s land
management isimperative. Agroforestry, which aims a optimizing productivity and above all, sustainability, has the potential to
provide many resources for which the people have traditionally depended on forests. Yet, asamodern land management strategy,
agroforestry has not received adequate atention in Kerala. Agroforests if established on degraded lands will not only reduce the
anthropogenic pressure on existing forest resources but also will enhance the sink potentia of CO,.
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I ntroduction

The philosophy and methods of land usein Keralahave
changed over the past half century or so. Historically,
agroecosystems in the Western Ghats have depended
onthe forestsinamyriad of ways. A unidirectiona flow
of materids from forests such as wood for fuel, poles
and timber, leaved/litter for manure and mulch, fruitsand
nuts for food, green fodder and various other non-timber
products, constitutesthe core of thisrelationship. Forests
also serve as repogitories of genetic diversity and confer
hydrologica benefits; besides facilitating soil and water
conservation, micro-climatic modification and CO,

sequedtration. Despite this, forests were cleared in the
past for agricultural expansion, plantation development
and for various other developmenta activities (Menon
and Bawa, 1997; Jnaet d., 2000). Despitethepromotion
of ecodevelopment and sustainability, forest destruction
for agricultural and other uses continues unabated. In
thispaper, | summarise how theland use pattern of Kerala
have changed over years and what are its principal
impacts on the agroecosystems. Development of
sustainable land use systems, which optimises the
combined production of trees and field crops, and
mitigate climate change are aso addressed.
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Agricultural land use changesin Kerala during the
past five decades-an overview

Data presented in Fig. 1 clearly show that the area under
cultivation increased from 2.3 million hain 1960 to 2.9
million haduring 1969. This, inturn, was associated with
a dramdtic rise in the coverage of rice (Oryza sativa),
i.e., between 1955 and 1970 rice area increased by c.
150,000 ha. Since then, however, the tota cropped area
remained more or less stagnant, while the area under
rice cultivation plummeted by about 526,000 ha—indeed
a60% drop between 1975 and 2003. Concomitantly, there
has been a pronounced “coconut (Cocos nucifera) and
rubber (Hevea brasiliensis) boom”. That is, coconut area
increased by 106% between 1955 and 2000; thereafter
it, however, stabilized. Likewise, rubber area expansion
in the state for the 1955 to 2000 period was 627%. Other
crops that gained substantial coverage over the same
period include arecanut (Areca catechu: 41%), banana
and plantains (Musa spp: 96%). Cassava (Manihot
esculenta), however, lost much of theareathat it occupied
inthemid-1970s. Overdl, theland-use changes represent
an intricate pattern especially in view of the wide
variations in physical settings and the complex
development patterns adopted in the past. Yet, a clear
shift away from food crops, mainly rice and cassava, in
favour of tree crops such as rubber and coconut (Fig. 2)
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Fig. 1. Quinquennia changes in area under major crops of
Kerala(source: KSLUB, 1995 and Farm Guide, 1995 to 2005)

and someof the export-oriented cash cropssuch aspepper
(Piper nigrum), ginger (Zingiber officinale), coffee
(Coffea spp.) and cashew (Anacardium occidentale) was
discernible.
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Fig. 2. Shift in land-use pattern of Kerala - conversion of
paddy lands to coconut groves

George and Chattopadhyay (2001) observed that such
shifts in land-use may have profound implications for
the food security of the state, which aready depends
on‘outside supplies’ to meet more than half theitsfood
grain requirements. In addition to the conversion to
upland crops owing to socio-economic and/or tech-
nological/commercia reasons, population growth and
urbanisation have led to a marked increase in clay
mining (for brick making) and other non-agricultura
uses of land (Fig. 3), which further exacerbated the
Situation.

Impact on forest ecosystems

Agricultural land-use changes have impacted the forest
ecosystems of Kerala in two major ways; first, a
conspicuous shrinkage of the state’s forest cover and,
second, the loss of structural integrity of the remaining
forests.

Declining forest cover

Over the 30-year period from 1940 to 1970, there was
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Fig. 3. Changing land-usein K erala—paddy lands appropriated
by the brick-kiln industry

asteep drop in the state's forest area (Fig. 4) with the
cumulative loss of publicly managed forests (c. 154,000
ha) averaging 5,000 ha annualy. This declining trend is
asoreflected in the compari sonsinvolving topographical
maps of 1905 and the LANDSAT images of 1973 and
1983 (Chattopadhyay, 1985). Theforest cover of Kerala
dropped from 44.4% in 1905 to 27.7, 17.1 and 14.7%
respectively in 1965, 1973 and 1983—indeed a 0.27%
annual forest loss from 1905 to 1965 and average 1%
drop thereafter (1965 to 1973). A study by the National
Remote Sensing Agency for the period from 1972 to
1982 aso demonstrated an annul deforestation rate of
1.4% of the total forest cover in Kerda (Nair, 1991)
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Fig. 4. Decennial changes in forest area under public
ownership (effective) in Kerala, 1940-1990 (source: Kerala
Forest Statistics, 1956 to 1992, arrow refers to vesting of
private forests). Forest plantations account for 16.36% of
the total area (http://www.prd.kerala.gov.in/prd2/forest/
forestinner.htm)

signifying that the 1970s were a period of most intense
deforestation.

George and Chattopadhyay (2001) highlighted four
distinct phases of deforestation in Kerala; viz., (1)
extensive conversion of forestlands to plantations
following a Roya Proclamation in the late nineteenth
century, (2) the" Grow More Food” campaign of themid-
1940s when substantial areas of forests were opened up
for the cultivation of food crops, (3) colonization during
the 1950s and 60s which created new settlementsin the
deforested areas, and (4) infrastructure development of
the post-independence era during which projects in
power, irrigation and transportation sectors were set up
on forestlands. Shifting cultivation also was widespread
in several parts of Kerala during and after the late
nineteenth century (Pouchepadass, 1995).

Inview of the unprecedented rates of deforestation, and
the rapidly rising human population pressure, the per
capitaforestland availahility in the state declined from
0.060 in 1961 to 0.034 hain 2001 (Fig. 5). Despite a
substantia clearing of forestlands for agriculture, the
cultivated land per capitaa so dropped from 0.14t0 0.077
habetween 1961 and 2001 mainly becauseof population
growth during that period. However, from 1980 onwards,
the officid gtatistics show that the effective forest cover
(under public management) in Kerala has stabilised at
~940,000 ha (Fig. 4). The increment of approximately
200,000 ha between 1970 and 1980 is due to the
annexation of private forests under the ‘Kerala Private
Forests (Vesting and Assignment) Act’ of 1971.

Although the official estimatesdo not reflect any decline
of forest areain the recent past because of the reporting
system used, the post-1980 studies based on satellite
imagery clearly show that the primary forests of Kerda
have declined. For example, Prasad et d. (1998) indicated
that the annual decline in natura forest cover of Kerda
for the period from 1961 to 1988 was~0.90%. Likewise,
Jhaet a. (2000) showed that forest cover in the southern
part of the Western Ghats (~4,000,000 ha) declined by
25.6% over the 22 years from 1973 to 1995. There has
been, however, a great deal of tempora and spatial
variability inthis respect. According to Jhaet d. (2000),
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Fig. 5. Changes in population (lakhs), cultivable land per
capita (ha) and forest land per capita (ha) in Kerala from
1961-2001 (source: KSLUB, 1995; Farm Guide, 2005)

Palghat digtrict experienced an annual rate of 2.1% loss
of dense forests between 1973 and 1995, while
Ernakulum and K ozhikode experienced relatively lower
loss rates (0.1% and 0.6% respectively). Deforestation
rates have also accelerated in recent times, For instance,
Ramesh et a. (1997) reported a five-fold increase in
deforestation between 1920 to 1960 and 1960 to 1990
for the Agastyamdai region in southern Western Ghats.

Over-exploitation of the remaining forests

The declining ratio of foreststo-agricultura lands and
theincreased intensity of land-useincreased the pressure
on remaining forests due to illicit cutting of trees (for
firewood, charcoa and for making agricultural imple-
ments), overgrazing and collection of fodder, green leaf
manure, litter and non-wood forest products (Jaya-
narayanan, 2001; Amruth, 2004; KFRI, 2005). In
addition, thelocal peoplefrequently set firesintheforests
for promoting grass growth that benefits the grazers by
enriching soil fertility of thecrop fildsinthefringearess
through post-fire ash transport inrains, facilitating easier
extraction of non-timber forest products and so on
(Kodandapani et d., 2004; Muraleedharan et d., 2005).

Little quantitative information, however, is available
on many of these anthropogenic activities, so that it is
impossible to assess the precise impacts. Nonetheless,

it is reasonable to assume that increasing levels of
disturbance are accompanied by a reduction in forest
biomass, impaired vegetation structure, altered regene-
ration spectrum, floristic changes and an opening of
theforest canopy. Consistent with this, field-level obser-
vations indicate that about 19% of the state’s actual
forest cover is‘open’ (i.e., crown density below 40%;
Table 1). Narayanan (1988) reported that pole stage
crop was poorly represented in the natural forests of
Thrissur division (Fig. 6). Altered light and soil
moistureavailability isyet another consequence of such
structural changes in vegetation. This, in turn, may
favour regeneration of deciduous species often a the
cost of shade tolerant and moisture-loving evergreen
species (Pasca, 1988; Rajesh et al., 1996). Likewise,
the recurring fires may lead to the predominance of
fire-hardy species (Hegde et d., 1998).

As forests have declined at an unprecedented rate,
especidly in the highlands of Kerala with its rolling
topography and heavy rainfall, soil erosion continued
unabated leading to reduced soil quality and low
productivity (Vinod et a., 2003; KFRI, 2005). According
totheK erdaState Planning Board (2003), there are about
1,476,000 haof degraded landsin Kerala, of which about
950,000 ha experience moderate-to-severe erosion
intensities. Diminished infiltration rates and greater run-
off from catchment areas (Meunier, 1996), flash floods
and high rates of sediment production in mountain
streams are also seemingly widespread. For example,
sediment production rates in various hydro-electrica
reservoirs of Kerala have been estimated to range from
4.43to0 71.05 m® ha' yr! (Kerda State Planning Board,
2003), signifying a considerable drop in the reservoir

Table 1. Actual forest cover of Kerala by density classes

Density classes Area (000 ha)
Dense forest (crown density above 40%) 8429
Open forest (crown density 10-40%) 189.4
Scrub area

(tree lands with <10% crown density) 9.1
Non-forest 2844.9
Totd 3886.3

Source: FSI (1999)
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Fig. 6. Size class distribution (total number of individuals)
of upper stratum species in a moist deciduous forest of
Thrissur, Kerda [Size classes: 1) height <50 cm, 2) height
>50 and <100 cm, 3) height >100 cm and diameter at breast
height (dbh) <1 c¢cm, 4) dbh >1 and <10 ¢cm, 5) dbh >10 and
<20 cm, 6) doh >20 and <30 cm, 7) dbh >30 and <40 cm, 8)
dbh >40 and <50 cm, 9) dbh >50 and <60 cm and 10) dbh
>60 cm; Source: Narayanan (1988)]. Error bars indicate
standard deviation.

capacities (4.18% in Pamba to 30.9% for Anayirankal).
The recent landdlides in Idukki and Wayanad digtricts
also have been linked to forest destruction and the
changing cropping patterns especialy in the upland
watersheds.

Yet another consequence of the over-exploitation of the
natural ecosystemsisthe reduced supply and availability
of poles, small timber, fuelwood and charcod, and leaves
litter for manure and fodder (Pandurangan and Nair, 1996;
Jayanarayanan, 2001; Muraleedharan et a., 2005),
besides loss of wildlife habitats (Venkataraman et .,
2002). The latter, in particular, has led to increased
conflictsbetween humansand wildlife, especidly inareas
such asWayanad and | dukki, where crop-raiding by wild
elephants is a recurring phenomenon (KFRI, 2005).

Declining biodiversity
Ingeneral, speciesadapted to forest ecosystemstypified

by local, small-scale disturbance and gradual changes
may be unable to persist in landscapes where human

land-useintensified thedisturbance regimes. Excessive
clearing of forests and the loss of structura integrity,
thus, may lead to asevereerosion of biological diversity
(Hermy et al., 1999). Western Ghats, one of the
“biodiversity hotspots’ in the world (Myers, 1988) is
particularly vulnerable in this respect (Menon and
Bawa, 1997). There are about 1272 known species of
endemic angiosperms (out of the 3800 species)
occurring inthe Keralapart of the Western Ghats (http:/
/www. keralaforest.org/html/flora/endemic.htm).
Furthermore, of the 300 rare, endangered or threatened
plant species in the entire Western Ghats, 159 occur in
Kerala (http://www.keralaforest.org/htmil/flora/
rareplants.ntm). The uncertainties that still surround our
knowledge of tropica biota (including the extant species)
and the difficulty of recording the extinctions, however,
complicate the matter. Suffice to say that considerable
damage has already been done to some of the unique
forest types of Western Ghats. In particular, substantial
portions of the fresh water swamp forests and mangroves
were aready converted to crop fields/aquaculture aress,
leading to local extinction of many endemics (Varghese
and Kumar, 1997). One of the challengesof biodiversity
conservation in Kerala, therefore, is to locate areas of
high concentration of endemic species so that critica
endemic plant sites can get priority for conservation.

Effects on agrobiodiversity and ecosystem services

Land-use changes, and in particular agricultural inten-
sification, affect the biodiversity of managed
landscapes. Indeed, a large proportion of the Kerala
homegardens has been converted into small-scale
plantations of coconut and rubber or cropping systems
consisting of fewer crops dueto commercialization and
fragmentation of land holdings (Kumar and Nair, 2004).
Coincidentally, many locd varietiesof mango (Mangifera
indica), jackfruit (Artocapus heterophyllus) and other
traditional fruit/vegetable crops, which were once
abundant in the Kerala homegardens, are now thought
to beextinct (Santhakumar, 1996; Kumar and Nair, 2004).
With the advent of the high-yielding variety (HYV)
programme in Kerala, most of the paddy lands (81%
coverage according to the Kerala State Planning Board,
2003) were also dedicated to modern varieties;
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consequently, cultivation of a vast majority of the
digtinctive landraces have vanished. Quantitative data
on such species/landrace losses, however, are not
available; yet it seemsreasonableto surmisethat genetic
diversity of the agricultural lands in most parts of the
dtate has declined.

Such biodiversity losses, however, have resulted in a
reduced capacity of agro-ecosystems to perform many
ecosystem services that underpin agricultura producti-
vity (FAO, 1999; Kremen et d., 2002). Examplesinclude
pollination services, maintenance of natural enemy
complex of plant pathogens/parasites, soil organic matter
relations, and so on. In certain cases, maintaining these
services provides a powerful argument for conserving
biodiversity instu. Itiswell known that different species
or genotypes when present perform dightly different
functions, and thisbuilt-in redundancy makes*biodiverse’
sysemsmoreresilient. That is, those components, which
are redundant at one point in time, become important
when some environmental change occurs (Vandermeer
eta., 1998).

Yet, most advances in agriculture and forestry entail
single-species stands, usually described as “biologica
deserts’ of low diversity. Specifically, agricultural
intensification in many areas (e.g., large-scae use of
agricultural chemicals) reduced the diversity and
abundance of native bees such that pollination services
to crop plants were affected (Kremen et a., 2002). It
also substantialy diminished the natural enemy complex
of crop pestypathogens (FAO, 1999). Consequently,
monocultures are widely believed to be vulnerable and
susceptible to pest outbreaks, while the diversity and
abundance of biota, typical of the traditional agro-
ecosystems, may lower the pest/pathogen infestation/
load. Jactel et a. (2005) found three probable factors
that predispose single-species forest plantations, and by
extension monospecific agroecosystems, to insect attack.
Firstly, thelack of physical or chemical barriersprovided
by other associated plant speciesthat could reduce access
of herbivoresto thelarge concentration of food resources,
i.e., the high density of host plants in monoculture.
Secondly, the low abundance or diversity of natura
enemies often observed in monospecific plantations can

resultinlimited biological control of pestinsects. Thirdly,
the potential absence of a diversion process, i.e., the
disruption effect on pest insects resulting from the
presence in the same stand of another more palatable
host species.

Soil organic matter (SOM) is a keystone component of
the ecosystem (Swift et a., 2004), which is related to
the quantity and variability of plant litter inputs. Higher
floristic diversity generally ensures greater litter hetero-
geneity and, therefore, faster decay rates (Hattenschwiler
et d., 2005). Although the imminent globa warming
may have profound impact on this (Kumar et d., 2005a),
“gpeciesrich” land-use systems generally have agreater
chance of maintaining soil organic matter relations than
the “ species-poor” ones (Russdll, 2002). Organic matter
flows, also regulate water infiltration and retention
processes. However, crops in intensive systems are
generaly selected for high harvest indices, and there
may be uses for crop residues other than soil fertility
maintenance (e.g. fodder or fuel). A key feature of
agroecosystem management is thus the trade-off
betweenthegainsin production from*mining’ the SOM
versusthe potential negativeimpact on other ecosystem
services and in particular on system resilience (Swift
et a., 2004).

Reduced capacity within the agricultural sector to meet
the demands for green manure, poles, fodder and
firewood

Consistent with the high biodiversity inherent in
traditional agroecosystems, the farmers used to meet
part of the requirements for green manure, fodder and
other demands from trees and bushes in the live fences
and homegardens (Kumar et al., 1994; Kumar and Nair,
2004). However, a decline in landscape diversity and
the replacement of live fences with cement walls have
resulted in a notable decline in ‘on-farm’ availability of
green manure, fodder and firewood resources (Russell
et d., 1997, Mahesh, 1999). Likewise, substitution of
paddy with cash cropsrepresentsthelossof an “interna”
fodder supply source too.

Overdl, the reduced capacity within agricultural sector
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to meet its own demands for organic manure, fodder
and poles has increased the dependence on adjacent
forests. It is equally possible that the agroecosystems
aredependent on“ nutrient subsidies’ fromforested aress.
Small farmerswith limited accessto chemicd fertilisers
are obligated to remove green leaves/litter from forest
floor for usein thefields, or otherwise aid in the growth
of subsistence crops and/or for fuel purposes (Byard et
al., 1996). Such increased outflows of organic matter
and nutrients, signifies amajor nutrient export from the
forest ecosystems, albeit little quantitative data are
avallableonthis. Thus, forest destruction over vast tracts
of Western Ghats and the associated loss of
agrobiodiversity has a detrimenta effect on the flow of
organic matter and nutrients, in turn, adversely affecting
the maintenance of soil fertility of forest-dependent
agricultura systems.

Implications for management and policy

As explained above, an integra feature of agricultural
intensification in Kerala is the deliberate reduction of
diversity especidly at the plot level. The current mana
gement paradigm focuses on how humans can maximise
economic wealth or productivity and does not often
recognize the intrinsic worth of traditional land use
systems, knowledge and/or natural vegetation. Itisalso
unlikely that farmers maintain biodiversity for purposes
other than those of direct use or ‘utilitarian’ benefits.
That is, the farming community may ignore the
serependic (i.e. future) value of diversity, whichismuch
more likely to be valued by national and global
communities (Swift et a., 2004). Therefore, if further
loss of biodiversity isto be avoided, a paradigm shift in
the state’s agricultural practices in which biodiversity
and agriculture can be reconciled in the context of more
sustainable land management systems, is imperdive.

Policies for sustainable agriculture, i.e., to promote
integrative practices that focus on the conservation of
resources (including genetic diversity) as well as
productivity, however, have proved elusive in Kerala.
Overdl, biodiversity may well increase, especidly if
the areas of land dedicated to intensive production of
food and materials decline (Swift et al., 2004).

Furthermore, production of organic manure and green
manure crops within the farm and increased on-farm
timber/fodder production through integrated tree and
crop production system should receivegrester focus. The
socid challenge of delivering sustainable agricultura
landscapes by adjusting the land use practices at the
individua farm-level is, however, daunting.

The recent Biodiversity Action Plan, implemented at
nationa and, increasingly, a regiona levels (e.g., KFRI,
2005) signifiesthat agricultura landscapes havefar more
functions than supporting agriculture; conservation of
biodiversity, providing wider environmental services
such aswater and carbon management, cultural services,
including management of cultural featuresand landscapes
and economic services, including providing the land-
scapes for tourism and leisure are cardina among them.
It focuses on the need to document the existing diversity
and recognizes its serependic values. Parald to this,
organic farming and eco-agricutlure (Peter et d., 2002
FAO, 2002; Padmanabhan, 2005) and farm tourism (http:
Iwww.earthfoot.org/in_keral.htm) are gaining greater
attention.

Agroforestry- a ‘new old’ land use paradigm

In the light of continuing environmental degradation,
there is growing consensus that integrated tree-crop
production systems such as agroforestry is the way to
managetropica agroecosystemsin generd and thefragile
ecosystems in particular (Nair, 1993). This gpproach to
land management considers not only the productivity of
commercia treesand field crops, but also focuses on the
underlying web of complex interactions among the
organisms that are critical to ecosystem structure and
functioning (sensu. Zeide, 2001). Furthermore, agro-
forestry, whichamsat optimizing productivity and above
al, sustainability, has the potentia to provide many
resources for which the people have traditionally
depended on forests (fuel, fodder, green manure and
timber). It thus eases the pressure on natura forests,
which are* our doomed warehousesof globa biodiversity
(Ewel, 1999). Despite such advantages, agroforestry as
aland management strategy has not received adequate
attention from the decison makers.
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Fig. 7. A typica Kerala homegarden

Traditional tree-based production systems, however,
abound in the state; homegardens (Fig. 7) are unique a
unique example in this respect (Kumar and Nair, 2004).
Many commercial timber species (Tectona grandis,
Acacia mangium etc.) are aso increasingly planted on
farmlands (Fig. 8), in small woodlots, in homegardens
or in mixtures with other trees and agricultural crops
(Kumar et al., 1994; Kumar and Peter, 2003). Dicot trees
are often included in the coconut gardens for green
manure/fodder/timber purposes (Kumar et ., 1999) and/
or as support trees for trailing pepper vines. Beverage
crops such as tea (Camellia sinensis), coffee (Coffea
spp.), cacao (Theobroma cacao) and spices like clove
(Syzigium aromaticum), nutmeg (Myrigtica fragrans),
vanilla (Vanilla fragrans), medicina plants such as
gdangd (Kaempferia galanga) etc., which require shade
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Fig. 8.
mangium

for optimum growth and production (Depommier, 2003,
Kumar et al., 2005b), also abound on the Kerala
landscape. Trees and shrubs are aso planted on farm
borders to demarcate the boundaries or function as
windbreaks/shelterbelts, live fences and/or as green
manure sources (Table 2).

A wide spectrum of trees, eulogised asthe ‘ multipurpose
trees (MPTs), has been involved in such programmes.
Important attributes of MPTs include rapid juvenile
growth, efficient dry matter production in terms of water
and nutrient inputs, crown characteristics to maximise
interception of solar radiation and ease of regeneration.
Objectives of tree planting also vary widely, from
multiple uses of perpetualy ‘natura looking forests’,
development of high yielding and sustainable industria
plantations for wood production and control of land
degradation (Kumar et a., 1998). Trees in managed

Table 2 Frequency of important trees and shrubs on farm
boundaries and scattered trees in the homegardens of Kerala

Species Frequency (%)
Boundary Scattered

Ailanthus triphysa 213 43
Artocarpus heterophyllus 10.8 126
Mangifera indica 94 155
Tectona grandis 5.9 6.7
Anacardium occidentale 5.0 6.0
Artocarpus hirsutus 5.0 5.9
Erythrina indica 4.2 2.6
Macaranga peltata 3.7 2.3
Tamarindus indica 34 44
Thespesia populnea 34 0.7
Psidium guajava 3.0 0.9
Bombax ceiba 18 2.3
Leucaena leucocephala 14 0.6
Swietenia macrophylla 13 15
Gliricidia sepium 11 2.1
Delonix regia 0.9 11
Phyllanthus emblica 0.7 13
Annona squamosa 0.6 0.7
Terminalia paniculata 05 11
Ceiba pentandra 04 0.9
Azadirachta indica 04 1.0
Paraserianthes falcataria 0.2 16
Others 13.9 236

Source: Kumar (1994)
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speciesmixturesaso haveagreat potentia to bring about
soil fertility improvement (George and Kumar, 1998;
Kumar et a., 1998; 2001) and climate change mitigation
through carbon sequestration (Montagnini and Nair,
2004).

Carbon sequestration in agroforestry

Climate changeisoneof themost seriousenvironmenta
threats facing the world today. Forest destruction is a
major cause of rising atmospheric CO, levels (Watson
et a., 2000). The terrestria ecosystems, however, can
serve assinks of aimospheric CO,—amajor theme high-
lightedinthe Kyoto Protocol of 1997 thet cameintoforce
on 16 February 2005. The tropical forests have a specia
role in this respect; yet in recent years, a significant
portion of this C sink has been returned through
deforestetion and forest fires. The IPCC specid report
on land use, land-use change and forestry (LULUCF),
suggests that with the continuation of forest conversion
rates in the 1980s and 1990s, the annua carbon uptake
in the first commitment period (2008-2012), resulting
from afforestation and reforestation, would be between
190 and 538 Tg C per year (Watson et d., 2000).

Agroforestry playsacardina rolein thisremarkable C
sequestration process. Basically there are three mecha
nisms involved through which agroforestry can help
reduce atmospheric CO, levels (Montagnini and Nair,
2004): carbon sequestration (creating new stocks in
growing trees and soil), carbon conservation (eases
anthropogenic pressure on existing stocksof Cinforests
through conservation and management efforts) and
carbon substitution (substitution of energy demand
materials by renewable natural resources, fuelwood
production, increased conversion of biomass into
durable wood products for use in place of energy-
intensive materials). Most agroforestry systems (e.g.,
multipurposetrees, silvopasture, energy plantationsand
the like) sequester C both in biomass and soil, reduce
fossil-fuel burning by promoting wood fuel production,
help in the conservation of C stocks in existing forests
by dleviating the pressure on natural forestsand ensure
greater synergy with the Convention on Biodiversity
Conservation (FAO, 2004).

International efforts to mitigate human-caused changes
in the earth’s climate are also considering a system of
incentives (debits and credits) that can help to reduce
the atmospheric concentration of CO,. In view of the
relatively lower cost of suchsink enhancement activities
under the Kyoto Protocol (average cost of up to US$ 15
per MgC; Missfeldt and Haites, 2001), the developing
countries such as India have a specid role in globa C
sequestration programmes. According to recent |and-use/
land cover datistics, there are about 129.58 million ha
of degraded lands in India and about 1.28 lakh ha in
Keraa(lCFRE, 2000; Fig. 9), which could be potentialy
used for C sink enhancement activities and biofuel
production. Biomass energy incidentaly is the single
largest category of renewable energy, with bothtraditiona
(fuelwood) and modern (e.g. ethanol and co-generation)
applications (Hal and Scrase, 1998).
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Fig. 9. The degraded and terraced landscape of Attappady

Conclusions

Land use changesin Keralawere unprecedented during
the past half century. A substantial decline in the area
under rice and cassava, besides increases in coconut
and rubber cultivation are paramount in this respect.
The consequences of deforestation, which also hasbeen
widespread in the state, include frequent flash floods
and landdlides, soil erosion, and silting of reservairs,
causing seriousecological and environmenta problems
and complex feedback effectson agricultura production.
In the light of massive environmental degradation and
need for climate change mitigation and the rising
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demands for fuel wood, fodder and timber, agroforestry
holds promise. However, very little extension work has
been done on integrated tree-crop production systemsin
the state. Further effort is, therefore, required to develop
management practices in participation with farmers that
will maximise complementary interactions and resolve
the location-specific congraints to spread the adoption
of agroforestry technologies.
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