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Agroforestry is one of the most conspicuolsnd use systems across
landscapes and agroecological zones in IndjgofArestry is addressing the issue
of ecologically sound and economically appealintategies of adaptation and
mitigation of climate change, being an intensivategrated, intentional and
interactive, which are creating favorable condsiom term of microclimate
modification, biodiversity conservation, soil héalimprovement, windbreaks and
shelterbelts. Scientist, policymakers, agricultergrepreneurs and farmers need to
realize the agroforestry importance in the contextdaptation and mitigation of
climate change so that we can address the issubaosivardness in adoption of
agroforestry and drawing new sustainable pc

I ntroduction

The World Bank Report “Turn Down the Heat: Clim&etremes, Regional Impacts, and the
Case for Resilience” published in June 2013, ptsj¢kat a scenario of % rise in global
temperature, would result in increased climateesmér events such as heat waves, sea level rise,
more storm surges, droughts and flooding in thettsésian region including India. In addition
to this, climate change is an additional threat thaght affect a countries ability including the
food security, population explosion, poverty, matiion and livelihood of small and marginal
farmers of worlds. Nobel Prize Laureate, WangariatMai in second World Agroforestry
Congress quotes, ‘Trees have an important rolday, pot only in climate change mitigation,
but also in reducing vulnerability to climate-redtrisks’. The potential capacity of Agroforestry
to adapt harsh climatic event is greater than aljue because it's playing important role in
ecosystems services and prevents land degradahimi ymakes them to cope up in all type of
climatic vagaries.

Agroforestry provides a unique opportunity to readtenthe objectives of enhancing the
productivity and improving the soil health. Theesecan also play important role towards
adapting to the climate variability and mitigatingrbon through sinks which helps to reduce
pressure from natural forest. Realizing the impa¢aof the agroforestry in meeting the twin
objectives of mitigation and adaptation to climat@ange as well as making Indian agriculture
more resilient, therefore keeping in view thereneed to emphasize the potential of AFS for
adaptation and mitigation.
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Agroforestry in Context of Adaptation and Mitigation

Agroforestry has huge potential to adapt and ntéigimate change. Many of the time we talk
about adaptation and mitigation strategies of agestry in context with global warming but we
need to explain these key words. Agroforestry mtesia unique opportunity to reconcile the
objectives of mitigation and adaptation to climateange. Schoreneberget al (2012)
highlighted the adaptation and mitigation measurdsable 1.

Table 1. Measures of climate change adaptation and mitigation through agroforestry

Climate change activi | Major CC Function | Agroforestry role
Mitigation
Activities that reduce| Sequester carb Accumulate C in woody biomass andsoil
GHGs in the atmosphere piReduce GHG emissi Reduce fossil fuel consumptic
enhance the storage of Reduce equipment runs in areas with trees
GHGs stored in ecosystems Reduce farmstead heating and cooling
Reduce C@emission by C sink
Reduce MO emissions:
By greater nutrient uptake through tress
By reducing N fertilizer consumption in tree system
Enhance forage quality, thereby reducing,
Adaptatior
Action to reduce of Reduce threats ar| Amelioration of microclimate
eliminate the negative enhance resilience to reduce impact of extreme weather events on ¢rop
effects of CC or take production
advantage of the positive to maintain quality & quantity of forage
effects to reduce livestock stress
Provide greater habitat diversity to support orgars
(e.g. native pollinators & useful insects)
Provide greater structural and functional diversity
maintain and protect natural resources
Create diversified production opportunities to resly
risk under fluctuating climatt
Allow species to mitigat:| Provide habitat corridors for species migrn
to more favorable
condition:
Adaptation

The IPCC lexicon defined adaptation refers to ddjests in ecological, social, or economic
systems in response to actual or expected climstittwili and their effects or impacts. It refers to
changes in processes, practices, and structuresderate potential damages or to benefit from
opportunities associated with climate change. Aaptation emerges as a science, the role of
agroforestry in reducing the vulnerability of agiitiral systems (and the rural communities that
depend on them for their livelihood) to climate ©ba or climate variability needs to be
addressed (UNFCCC, 2013). The adaptive measuiegoforestry considered as:-

* microclimate amelioration through increasing maistand reducing temperature

» shading effect cut downs the evapotranspiratiomfcoops

* high biodiversity which minimize pest and diseaseuwrence

» buffering agricultural crops against water deficies

Hence, agroforestry mainly consists woody peresnmlich have great potential to bear

harsh climatic effects and make overall system asuable with its coping mechanism.
However, some of the adaptive strategies of agestoy systems are explained in brief.

Microclimate amelioration: Agroforestry is ecologically dynamic, complex andstsinable
system which provides opportunity to create “mimaf’natural forest in farm land with high
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complementary benefits like economic and envirortadetin such condition tree systems are
having ability to improve microclimatic conditioty lowering temperature, evapotranspiration,
moisture reduction acting as a filter and providingfer against direct sunlight. Microclimatic
amelioration is considered as one of the impontalet of trees in agroforestry systems to provide
sustainability. As a method of adapting agriculttre&limate change, agroforestry systems have
been shown to increase on-farm production resiéigiocclimate variability by buffering crops
from the effects of temperature and precipitatianiation as well as strong winds associated
with storms (Lin, 2011). From the meteorologicalm of view agroforestry systems providing
two key factsviz,, shade tree concept (radiation)and mechanic conéeptthe first concept,
shade will create microclimates with lower seasanabhns in ambient temperature and solar
radiation as well as smaller fluctuations. The ghtade reduces evaporative demands from soil
evaporation and crop transpiration. Addressingassaf climate change adaptation in the
scenario of microclimate improvement is importaattér which reduces yield loss and drudgery
of small farmers by agroforestry interventions gmieulture.

The mechanic concept of agroforestry is maintainshglterbelts and windbreaks to
minimize the impact of wind speed in arid, semigradts of country. These are providing crop
assurance to farmers against extreme climatic sveptmodifying weather condition of the
field. Windbreaks and shelterbelts reduce wind i increasing moisture and decreasing
temperature and also providing shelter againstdgenlight. Therefore it is considered as good
adaptive strategies of climate change. Windbreaksbalieved to reduce evaporative water
losses from surfaces downwind, and thus conserilensmisture, based on the notion that
increased shelter from wind reduces evaporation.

Biodiversity conservation: Agroforestry is a system of complex and integrapgdroach which
provides opportunity to intermingle trees, cropastpres and animals in a managed aspect and
providing shelter for soil flora & fauna, birds,sects and wildlife. Traditional agroforestry
systems are best examples of agro-biodiversity eswations. The presence of trees further
enhances diversity by providing shelter and haltdaa various diversified flora and fauna. It
also helps in conserving genetic diversity of waldltivars or landraces and trees that are in
danger of loss and require priority conservation.

Mitigation Strategies

Mitigation refers to technological change and stsbn that reduce input and emissions per
unit of life (IPCC lexicon). Mitigation is nothingput remedial measure to cure the adverse
impact which has occurred in limited extent likecreased carbon dioxide concentration.
Mitigation is nothing but preventing emission antbwing sinks of GHGs through carbon
sequestration process. In simple language, adaptatn be carried out at local level but
mitigation is at globally. Mitigation measure inases soil organic matter in the soil and
ultimately improves soil health and quality so thianhances crop yield in agroforestry systems
and also enhance the adaptive capacity of soils, @owin—win’ option.

Carbon sequestration: The process of removing additional carbon from at@osphere and
depositing it in other "reservoirs" is principalknown as Carbon sequestration. In practical
terms, carbon sequestration occurs mostly throbghekpansion of tree plantation. Plethora of
workersviz., Kaushalet al., 2014; Prasaet al., 2012, Rizviet al., 2012; Swami and Puri 2005;
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Chauhanet al., 2010 and Ram Newagt al., 2008 are reported carbon sequestration from
agroforestry.Different agroforestry systems sequestering vaaiadunt of carbon based on type
of system, species composition, soil and climatehis way, the total potential of agroforestry in
India to store carbon is about 2400 million tonarlidn sinks potential of different agroforestry
systems in India are shown in Table 3. Due to thrsumerable benefits and potential of
agroforestry, PKR Nair quoted that agroforestrylike “low hanging fruits” because of its

mitigation potential of climate change and low segjtating cost.

Table-3. Reported carbon sequestration potential (Mg C ha™yr™) of various agroforestry systemsin India

L ocation Agroforestry Tree species No. of Age CspP References
System treeper | (year) | (MgC
hectare ha‘%r'l)
Uttarakhan Agrisilviculture | D. hamiltonii 100( 7 15.91 Kaushal e
al., 201«
Himachal Prade: Agrihorticulture | Fruit tree: 69 - 12.1¢ Goswami e
al., 201«
Khammam, Andhri Agrisilviculture | L. leucocephala | 444¢ 4 14.42 Prasad et al
Pradesh 1000( 4 15.5] 2012
Uttarakhan Agrisilviculture | P. deltoids 50C 8 12.0z Singh anc
Lodhiyal,
200¢
SBS Nagar, Punj: Agrisilviculture | P. deltoids 74C 7 9.4( Chauharet
al. 201(
Dehradur Silviculture E. tereticornis 250( 3.t 4.4C Dhyaniet al.
Uttarakhand 2777 2.t 5.9( 1996
Kurukkhetra, Haryar Silvipasture A. nilotica 1250 7 2.81 Kaur et al.
D. sisso0 125( 7 5.37 2002
P. juliflora 125(C 7 6.5(C
Chandigar Agrisilviculture | L. leucocephala | 10€6€ 6 10.4¢ Mittal and
Singh 198
Tripure Silviculture T. grandis 444 2C 3.3Z Negi et al.
G. arborea 452 2C 3.9t 1990
Tarai central devisio Silviculture T. grandis 57C 1C 3.7¢4 Negiet al.
Uttarakhand 50C 2C 2.2F 1995
494 3C 2.87
Jhansi Agrisilviculture | A. procera | 31z 7 3.7C Ramnewaet
Uttar Prades al. 200¢
Jhansi Agrisilviculture | A. pendula 166¢ 5.2 0.4z Raiet al.
Uttar Prades 2002
Jhansi Silviculture A procera | 31z 1C 1.7¢
Uttar Pradesh A. amara 31z 1C 1.0C
A. pendula 31z 1C 0.9t
D. sissoo 312 1C 2.5t Rai et al
D. cinerea 312 1C 1.0t 2000
E. officinalis 312 1C 1.5¢
H. binata 31z 1C 0.5¢
M. azaderach 312 1C 0.4¢
Hydarabac Silviculture L. leucocephala | 250( 9 10.3:
Andhra Pradesh E. camaldulensis | 250( 9 8.01
D. sissoo 250( 9 11.47
A. Tebbeck 62t 9 06 | raoetal
A. albida 1111 9 0.82
A. tortilis 1117 9 0.3¢
A. auriculiformis | 250( 9 8.64
Hydarabac Agrisilviculture | L. leucocephala | 1111 4 2.71 Raoet al
Andhra Pradesh 666¢ 4 1.9C 1991
Raipur, Chhattisga Agrisilviculture | G. arborea 59z 5 3.2: Swami anc
Puri 200!
Coimbatore, Tamilnac | Agrisilviculture | C. equisetifolia 83:< 4 1.57 Viswanathet
al. 200¢
Kerale Home garde Mixed treespg 667 71 1.6C Saha et al
200¢
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Conclusion

Agroforestry provides assets and income fraamba@n, wood energy, improved soil fertility
and enhancement of local climate conditioihgprovides ecosystem services and reduces
human impacts on natural forests. Most of @hdxenefits have direct benefits for local
adaptation while contributing to global effortto control atmospheric greenhouse gas
concentrations. There is need to build a bridgevéeh adaptation and mitigation measures for
creating environmental secure options of carbomestgation with multifunctional benefits from
agroforestry.
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