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ABSTRACT

Trees being important components of biosphere need to be planted and protected on arable land for the ecosystem
services they offer for the wellbeing of the earth and its living forms. Area under natural forests is coming down and
it is not possible to increase area under forests any more due to other anthropological reasons. Properly designed
and strategically located agroforestry practices as alternative can contribute to ecological services by mitigation
land degradation, climate change and desertification, while conserving natural resources and biodiversity. Besides
providing, tree based goods and services, agroforestry can be considered as an adoptive strategy in areas climatically
and biologically vulnerable. Being a potential C sink, agroforestry can also mitigate negative impacts of CO, emission.
As green belt these have a role in maintaining air, water and soil quality in mining and industrial areas also. An
attempt, therefore, is made in this article to highlight the ecosystem services rendered by tree based land use systems.
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Trees are important component of nature and provide
stability to biosphere. We cannot visualize life without
trees and the history of trees/forests is linked with the
progress of human evolution. However, with increasing
population and corresponding rise in demands for food,
forest products and land, pressure has increased on forests
leading to reduction/destruction of forest areas and quality
of forests. This impingement with nature in turn affected
the ecological services rendered by trees/forests and the
unabated damage has catastrophic impact on climate and
sustainability and survival of biosphere. Alarmed by the
developing situation revival/regeneration of forests and
trees in any form is given paramount importance by the
policy makers, environmentalists, foresters, farm scientists
and philanthropists. The present article mainly aims to
enlighten the readers on the benefits of trees/systems in
terms of ecosystem services (ES). Since, all lands especially
agricultural lands cannot be put back to forests there is need
to introduce tree component in the existing agricultural
systems, as agroforestry system, such that the resulting ES
support and sustain wellbeing of the biosphere.

‘Agroforestry is a sustainable management system
for land that increases total production, combines
agricultural crops, tree crops and forest plants and animals
simultaneously or sequentially and applies management
practices that are compatible with the cultural patterns
of the local populations.” Numerous agroforestry systems
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have been evolved (Nair 1985) for different arcas/
situations. Every system differs from other in respect of
structure, composition, age, intensity, technology etc. The
complementary and competitive effects, and the resulting ES
depend upon (i) age and size of the trees, (ii) nature of the
tree species, (iii) nature of agri/horti/pasture (either single
or combined) crops, (iv) availability of water, nutrients,
light and other growth resources, and (v) influence of other
biotic and abiotic factors etc. In the interplanting system,
complimentarity in resource use may be spatial or temporal.
Besides, efficient resource use, agroforestry systems also
render varied ecosystem services spatially and temporally.

Ecosystem services

‘Ecosystem services (ES)’ is defined as the set of
diverse ecological functions that are essential to human
welfare (Daily 1997). These services can provide significant,
measurable benefits to humanity, potentially providing an
economic argument for ecosystem conservation (Kremen
et al. 2002). The Millennium Ecosystem Assessment (MES
2005) provides a globally recognized classification that
emphasizes relationships between ES and human wellbeing
and describes four types of ES, viz. (i) provisioning services,
(ii) regulating services, (iii) supporting services, and (iv)
cultural services (Tallis and Kareiva 2005, Haines-Young and
Potschin 2012). Provisioning services include the production
of food, fuel, fiber, and other harvestable goods. Regulating
services include climate regulation, flood control, disease
control, waste decomposition, and water quality regulation.
Supporting services include the foundational processes
necessary for production of other services, including soil
formation, nutrient cycling, and photosynthesis (primary

[a]


mailto:basavarajc7@gmail.com
mailto:dkpatil2020@gmail.com
https://doi.org/10.56093/ijas.v87i11.75663

1420

production). And, cultural services provide recreational,
aesthetic, spiritual, and other nonmaterial benefits.

Agroecosystems both provide and rely on ES to sustain
production of food, fiber, and other harvestable goods.
Many services have on-farm benefits (e.g. for farmers),
whereas others have broader public benefits to off-farm
users; some benefit both groups (Garbach et al. 2014). The
understanding of ES in agricultural landscapes has become
important for several reasons. First, agricultural ecosystems
— including croplands and pastures — are among the largest
terrestrial biomes and account for approximately 40% of
the Earth's surface (Foley et al. 2005). Second, increases in
food and fiber production have often been achieved at the
cost of other critical services. The Millennium Ecosystem
Assessment ( MES 2005) reported that approximately 60%
(15 out of 24) of services measured in the assessment were
being degraded or unsustainably used as a consequence
of agricultural management and other human activities
(Table 1). Further, modern, industrial agriculture activities
have most significantly undermined the Earth's life-
support systems (Rockstrom et al. 2009). Major negative
impacts have occurred through converting natural habitat
to agriculture and infrastructure, environmental pollution,
and environmental change induced by shifts in nitrogen
and phosphorus use.

Provisional services

Enhanced productivity: In agroforestry, the potentially
higher productivity could be due to capture of more growth
resources. Alternate tree based land use systems offer
possibilities to increase income from drylands, besides

Table 1 State of different ecosystem services
Service Status Service Status
Food Crops 1 Regulating services
Livestock 1 Air quality regulation l
Capture fisheries |  Climate regulation
-global
Aquaculture 1 Climate regulation l
regional and local
Wild foods | Water regulation +/-
Fibre Timber +/-  Erosion regulation
Cotton, silk +/- Water purification and
waste treatment
Wood fuel | Disease regulation +/-
Genetic resources | Pest regulation l
Biochemical’s medicines |  Pollination l
Fresh water | Natural hazard l
regulation
Cultural services
Spiritual and religious l
values
Aesthetic values l
Recreation and +/-
ecotourism
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serving some important environmental functions. At dry
farming Centre, Bijapur significantly higher gross returns
were obtained with plantation of sapota + guava and
simarouba + guava, and inter planting of guava always
ensured higher returns (Alagundagi 2016). In North Eastern
hill regions of India, Borthakur et al. (1981) developed
an ideal agroforestry model as an alternative to shifting
cultivation with net income about four times higher than with
‘Jhum’ or shifting cultivation. In this, the lower one-third
area of the hill slope was terraced and utilized for arable
crops (fodder grasses and legumes). The middle one-third
slope was utilized for horti-pastoral systems and top most
steep slopes for growing fuel and fodder plantations.

Under Jhansi conditions, Rai (1999) reported that
A. lebbeck, A. amara, L. leucocephala and A. tortilis
were suitable for natural pasture for getting higher
biomass. Agroforestry, thus helps improve productivity of
impoverished agriculture lands, as tree species with multiple
uses are the main stay of aroforestry (Table 2 and 3). Further,
the Land Equivalent Ratio (LER) for alley cropping systems
under European climate ranged between 1.0 to 1.4, and
hence tree based intercropping is more productive than
monocropping, however at some places LER is expected
to decrease with time as trees age (Tsonkova ef al. 2012)
(Table 3).

Food and medicinal products: Non-timber products
such as fruits, medicinal products, mushrooms, honey, flying
termites and bush meat are central to the livelihoods of both
tribal/rural and urban dwellers. These are the important
sources for Ayurvedic medicine too. Indigenous miombo
fruits form a staple food during the hunger periods in the
agricultural cycle and periods of famine in southern Africa
(Akinnifesi et al. 2006, Mangu 1999). There it is argued
that without this valuable contribution many children who
are most vulnerable and the chief consumers of fruits would
be affected by dietary deficiencies (Makombe 1993). The
bark extract of Scleocarya birrea are used for treatment of
diseases such as malaria, dysentery and rheumatism (Hall
et al. 2002).

In northeastern Karnataka, neem (4zadirachta indica)
which, apart from timber valued for medicinal properties in
rural areas and in organic pest management, predominates
(19.7/ha) both on bunds and in farm lands in the traditional
agroforestry (Doddabasava et al. 2017). Acacia nilotica,
whose bark decoction is used for strengthening teeth

Table 2 Changes in soil properties (0-30 cm) under different
tree crop system

Land use systems PH, Organic C  Available
(%) N
(kg/ha)
Crop based system -0.45 +0.07 + 10
Eucalyptus based -0.67 +0.12 +21
Acacia based -0.63 +0.20 + 31
Populus based -0.80 +0.17 +25

Source: Singh et al. (1997)
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Table 3 Changes in soil nitrogen content measured in alley cropping systems with tree species of different ages

Species Soil depth N content (g/kg) Age Annual Location Reference

(cm) Initial* Later (year) increase
Black alder  0-20 0.32 0.52 7 0.030  Northeast Estonia® Kuznestova et al. (2011)
Black locust  0-30 0.20 0.53 9 0.014  Northeast Germany?® Nii-Annang et al. (2009)
Poplar 0-30 0.20 0.28 9 0.009  Northeast Germany?® Nii-Annang et al. (2009)
Black locust  0-30 0.10 0.52 14 0.030  Northeast Germany? Matos (2009)
Grey alder 0-10 0.10 1.40 14 0.030  Southeast Estonia® Uri et al. (2011)

* Measured before trees were planted, or in the first year of growth, @ Post mining site, ® Arable land. Source: Tsonkova et al. (2012)

gum while the gum forms special recipe during post-
partum recovery, occupies next position. Hedge species
gaiga (Caesalpinia bonduc), shikai (Acacia sinuata),
vasuka (Adhatoda vasica), henna (Lawsonia inermis) are
medicinally important and hence, can be part of dry land
agroforestry systems (Narashima Reddy 2006). Similarly,
tall and perennial medicinal trees such as Prunus africana,
Santalum album, Saraca indica, Aegle marmelos, Anona
squamosa, Emblica indica, Terminalia chebula, Terminalia
arjuna, Jatropha curcas etc. can be planted at wide spacing
as shade providers or boundary markers in a agroforestry
system (Kalaichelvi and Swaminathan 2009). Poplar
(Populus deltoides) based agrofresty systems have been
economically adopted in dryfarms of India because of several
advantages. Because the tree causes negligible effect on the
intercrops during the first three years of growth, perennial
plants, viz. Glycyrrhyza glabra (Mulathi), Asperagus
racemosus (Shatawari), Aloe vera (gwarpatha) and
Tinospora cordifolia (Giloe) were effectively demonstrated
in a three tier system in Haryana (Bimalendra Kumari and
Madan 2016).

Energy: In many areas, people depend on trees for
energy needs. Some communities in western Maharashtra
north Karnataka earn their livelihood through production
of charcoal from Prosopis juliflora from agricultural
waste lands. The charcoal is in much demand in cities
like Hyderabad. The demand for fuel wood and charcoal
would continue to rise. Agroforestry practices can provide
significant amounts of fuel wood. Studies have shown that
trees grown in contour strips, rotational woodlots and fallows
can produce large quantities of fuel wood. For example,
Grevillea robusta trees planted on contours on an average
farm size of 1.64 ha in parts of Tanzania could meet the
entire annual household demand for fuel wood (Mwihomeke
and Chamshma 2004).

Fuel wood production in rotational woodlots has been
studied widely especially in Tanzania (Kimaro ef al. 2007,
Nyadzi et al. 2003, Otsyina 1999). After five years rotation,
Acacia crassicarpa produced about 51 t/ha at low nutrient
costs (Kimaro et al. 2007). According to Kimaro, on a
semi-arid site (Morogoro) in Tanzania, wood productivity in
tree fallows averaged three times higher than that produced
by typical miombo woodlands. Therefore, agroforestry
plantations are probably the only option to meet major
share of the wood demand, and adoption of agroforestry

practices can significantly reduce deforestation by providing
fuel wood.

Regulating services

Soil structure and soil processes: Warmer conditions
favour net N mineralization rather than its immobilization in
soil system. For instance Joshi et al. (2017) observed rise in
soil NO;™-N, PNM, MBC by 27, 21 and 18%, respectively
with 3°C rise in ambient temperature in wheat ecosystem
in north India. Thus, mineralization process would enhance
while immobilization decrease under climate change
which is not a welcome situation in tropics and subtropics.
Soil structure and fertility enhancement services include
the processes of soil formation, structural development
(including physical, chemical, and biological properties of
soil), and nutrient cycling mediated by biotic and abiotic
factors to support plant growth. These soil characteristics
are important determinants of the quantity and quality of
farming outputs (Zhang et al. 2007). As soil organisms
process dead organic matter, and their waste replenishes
nutrients required for primary production, the fertility
needed to support primary production is maintained (Daily
et al. 1997).

Soil structure is enhanced through the activities of
macro-fauna — such as earthworms, centipedes, millipedes,
and isopods — that aerate soil by creating pores as they
burrow through the soil profile, mixing organic and mineral
particles, redistributing organic matter and microorganisms,
and enriching soil with castings (Hendrix et al. 1990,
Edwards 2004). A host of microfauna also act as biological
mediators of soil fertility and structure. Their activities
support soil fertility as they break down plant detritus and
other organic matter, and incorporate nutrients into their
biomass, which may otherwise move through the system
or be lost downstream (Paul and Clark 1996). Micro- and
macrofauna (e.g. acarina and collembola) influence nutrient
cycling by regulating bacterial and fungal populations,
release energy by breaking down large molecules into
smaller units (catabolizing organic matter), and mineralizing
and immobilizing nutrients. Their activities influence soil
structure by producing organic compounds that bind soil
aggregates. Bacteria and fungi are also part of an important
cadre of microflora that mediates nitrogen fixation from
the atmosphere, transforming it into plant available forms
(Hendrix et al. 1990).
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Erosion control: Plant diversity enhances belowground
plant and microbial biomass, which is associated with the
ES of erosion control through the effects of large root and
mycorrhizal networks holding soil in place (Balvanera ez al.
2006). Conversion of woodlands to crop land is the major
reason for soil erosion at many instances. In such situations,
reintroduction of trees contributes to effectively reduce water
erosion by (i) acting as a barrier, and (ii) providing surface
cover in the farm of living and dead plant material which
dissipates the energy of falling raindrop and the velocity
of surface runoff (Nair 1991b). Studies in Europe revealed
usefulness of both alley cropping and contouring practices
(up to 70% reduction in erosion) (Palma et al. 2007).
Agroforestry through control of erosion, maintenance of
organic matter and enhancing nutrients helps in conservation
of soil and thereby sustainable land use. Greval (1993)
developed and standardized Eucalyptus-Eulaliopsis
silvipastoral model for eroded lands of Shivalik foot hills
for wood and grass production and also for checking water
erosion and soil loss. They reported that under Fucalyptus
—bhabar grass (Eulaliopsis binata) system, the soil loss was
negligible (0.07 t/ha) followed by Acacia catechu —Napier
grass (0.28 t/ha) and Teak-Bhabar (0.43 t/ha). Studies
in Europe revealed that erosion rates were comparable
with agriculture crops during first year while erosion was
minimized afterwards due to provision of soil litter cover,
increased organic matter and improved infilteration. Typical
erosion rates on moderate slopes (<5%) under woody short
rotation coppices were between 2 and 4 Mg/ha/yr compared
to reported erosion rates for conventional agriculture with
maize between 18 to 22 Mg/ha/yr (Hohenstein and Wright
1994, Mann and Tolbert 2000, Pimentel and Krummel
1887). To enhance the beneficial effects of short rotation
coppices on soil erosion reduction, longer rotation periods
are recommended.

Control of soil degradation: At CAZRI, Jodhpur
agroforestry system was developed on the principle reducing
the threshold velocity of wind at the dune surface by
establishing pre-planting mechanical system to stabilize sand
dune. Bushwoods like Leptadenia pyrotechnia, Zizyphus
nummularia, Acacia jacquimontii, Crotalaria bushia
and Saccharum munja are useful which can be used as
checkerboard or parallel head systems for initial stabilization
of sand dunes. These should be used together on the tops
and windward sides of the dunes and widely spaced on
low dunes or depression (Gupta 1990). At Rajasthan in
arid regions A. tortilis or P. cineraria with C. ciliaris in
a silvipastoral system gave maximum returns compared
to other combinations. Similarly, Fucalyptus, Acacia
and Populus based crop system improved soil chemical
properties (Singh et al. 1997) (Table 3).

Hazara (1994) concluded that association of trees with
pastures provide faster recovery of the degraded lands. He
reported that after 10 years maximum pore space, organic
carbon and nutrients were available under Leucaena
leucocephala. Samar and Singh (2000) observed an increase
in soil organic carbon of surface soil from 0.39 to 0.52%
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under Acacia nilotica+ Saccharum munja and from 0.44 to
0.55% under Acacia nilotica + Eulaliopsis binata after five
years and suggested that Acacia nilotica + Eulaliopsis binata
as effective and ecofriendly conservation and rehabilitation
of degraded lands of Sivalik foot hills of sub-tropical
northern India. Ram Newaj et al. (2008) observed that in
an agri-silviculture system A/bizia procera with different
pruning regimes increased soil organic carbon by 13 -16%
which was 5 — 6 times higher over growing of either sole
tree or crop.

Mine soils result in shifting mass of sand and rubble,
denudation of forests, reduction in water holding capacity
of reservoirs, rivers, streams etc. Agroforestry is a viable
option for rehabilitation of such sites (Singh et al. 2000).
Establishment of permanent vegetative cover of suitable
trees and grass mixtures will improve the deteriorated
conditions and stop further degradation. For revegetation
of minesoils, plant species which are native, hardy, have
N, fixing ability, have aesthetics, provide quick coverage
during establishment and are ecologically and economically
acceptable have been identified for different kinds of mine
soils (Dadhwal and Kumar 1996).

Microclimate modification: Trees and shrubs in
agroforestry/windbreak/shelterbelt systems can contribute to
better microclimate. The trees bring about a whole complex
of environmental changes, affecting not just available light
but also air temperature, humidity, soil temperature, soil
moisture content, wind movement and pest and disease
complexes (Sileshi et al. 2007). These factors impact plants,
and the effect can be beneficial to a wide array of crops and
help conserve biodiversity as well (Bos et al. 2007, Rice
and Greenberg 2000). Further, the tree litter and canopy
have been documented to influence the microclimate in
terms of improved rainfall infilteration, soil structure and
microfauna, reduced evapotranspiration and temperature
extremes, and increased relative humidity (Saka et al.
1994). In agroforests and home gardens, crops such as
coffee, cardamom, pepper, other spices, cocoa etc., under a
canopy of shade trees is a common sight in Western Ghats
and north eastern states of India which flourish because
prevailing congenial microclimate. These systems have
also become the main stay of the inhabitants.

Pollination: Pollination is necessary for sexual
reproduction in many crops, including fruits, vegetables,
nuts, and seeds as well as many wild plants known to
contribute calories and micronutrients to human diets.
For instance, in litchi (Litchi chinensis) at Muzaffarpur,
Bihar Srivastav et al. (2017) observed as many as 20
pollinating species under 20 genera of 8 families belonging
to order Diptera, Hymenoptera and Coleoptera involved
in pollination, while bees predominate (> 65%). Animal
pollinators are essential for approximately 35% of global
crop production, and 60-90% of all plant species are
pollinator-dependent (Klein ez al. 2007). Bees are recognized
as the taxon providing most pollination services, yet other
taxa — including birds, bats, thrips, butterflies and moths,
flies, wasps, and beetles — also pollinate some of the

[e]



November 2017]

world's most important food crops (Nabhan and Buchmann
1997, Srivastava et al. 2017). Boreux et al. (2013) opines
that pollination service from bees matters a lot in coffee
production in Kodagu, Karnataka, India, while in litchi in
Muzaftarpur, Bihar (Srivastava ef al. 2017) . Interestingly,
Srivastava ef al. (2017) revealed that all honeybee species
differed in their responses to temperature, light intensity and
solar radiation, the three most important factors influencing
foraging behaviour.

Although honeybees (A4pis spp.) are the most important
commercially managed pollinator, native and wild bee
species also make significant contributions. Approximately
15% of the value associated with pollination services comes
from native bees and other animals living in farmlands and
adjacent natural habitat (Mader et al. 2011). Both agricultural
management and landscape configuration are important
in determining availability and distribution of pollination
services. Some wild (native) pollinators nest within fields,
including ground-nesting bees, or disperse from nearby
unmanaged habitats to pollinate crops (Ricketts et al. 2004).
Conserving wild pollinators in unmanaged or restored
natural habitats adjacent to agricultural fields can improve
pollination levels and stability, which can support increases
in agricultural yields (Klein ez al. 2003). Recommendations
for managing pollinator-friendly landscapes include
maintaining areas of natural and semi-natural perennial
habitat (e.g. grass and woodlands, forests, old fields, and
hedgerows) to provide ample floral and nesting resources
available throughout the year (Kremen et al. 2007, Mader
et al. 2011).

Pest control: Strategies for enhancing pest control
services to agriculture may require understanding predator
ecology to ensure that pest predators have suitable food and
habitat resources throughout their life cycles (Landis et al.
2000, Shivprasad 2009, Potdar 2010). Plants that provide
floral or nectar resources can be used to sustain predators and
parasitoids. Sweet alyssum (Lobularia maritima) has proven
especially effective for bolstering syrphid fly abundances in
California (Tillman et al. 2012). Predator populations can
also be enhanced indirectly through agricultural practices
that increase non-pest prey, for example, by applying mulch
or intercropping (Riechert and Bishop 1990, Bugg et al.
1991, Shivprasad 2009, Potdar 2010 ). Small patches of
native vegetation on and around farms can provide these
species with food resources and overwintering habitat
(Landis et al. 2000; Tillman ez al. 2012). Emerging evidence
suggests that conservation activities at a landscape scale can
also benefit farmers. For example, conserving natural habitat
surrounding farms increases predators and often enhances
pest control services (Thies and Tscharntke 1999, Bianchi
et al. 2006, Chaplin-Kramer et al. 2011b, Karp et al. 2013).

Hydrologic services — water flow regulation and water
purification

Ecosystems through modification of the amount of
water moving through the landscape influence the hydrologic
cycle, including local climate, water use by plants, and
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Table 4 Land equivalent ratio (LER) in alley cropping systems

(ACS)
Alley cropping systems Location  LER Reference
Leucaena-sorghum Dharwad, 1.38- Palled (1985)
India? 1.43
Poplar-w/a/s/f France? 1.37 Graves et al.
(2010)
Poplar-w/fb/w/f/b/tb United 1.28 Graves et al.
Kingdom? (2010)
Black locust-Alfalfa Germany®  0.98 Grunewald e?
al . (2007)
Poplar-Soybean Canada 2.40 Rivest et al.
(2010)

Crop rotation: a asparagus, b barley, fb field beans, f fallow, s
sorghum, w wheat 2arable land, ®post mining site

modification of ground surfaces that alter infiltration and
flow patterns (Brauman et al. 2007). The understanding
of how water availability changes with land use and land
cover change is elementary (Brauman et a/. 2007). Planting
of forests and trees — native or introduced — can either
increase or decrease evapotranspiration and downstream
water availability, depending on the context. In one study,
analysis of paired catchment experiments found that stream
flows were reduced 45% on an average when grasslands
were converted to forests (Farley et al. 2005). Other studies
from the Amazon basin illustrate that evapotranspiration
from a pasture can be up to 24% less than a nearby forest
(Von Randow et al. 2004). Vegetation can also be selected
to support management goals based on water requirements.

Biodrains

The biodrainage technique is ecofriendly as the
biodrainage plantations purify our environment by
greenhouse gases from the environment and releasing
oxygen into the environment. Trees also drain out the
filtered fresh water into the atmosphere. Of late, the rise in
ground water table followed by water logging and secondary
salinization of soils has become serious problems in canal
irrigated areas located in arid and semiarid regions. To
combat problem, agroforestry shows the way. Evaluation
of tree/grass species for the control of seepage, rising water
table and soil salinity in levels in TBP irrigation command
revealed that A. nilotica was the most promising at all salinity
ranging from < 5 to > 15 dS/m, whereas C. equisetifolia
promising initially registered high mortality and cease
growth after 6-8 years (Vishwanath 2015). In contrast,
H. binata less promising initially became promising after
6-8 years. In terms of seepage control, 4. nilotica and C.
equisetifolia were effective in arresting emerging seepage
flows from the canals. 4. nilotica and C. equisetifolia
intercepted seepage over 80% and remained most promising
over other species. The grasses in between complimented the
effects. The water table receded significantly underneath the
plantation while increased at the rate of 10 cm rise outside
the plantation area. 4. nilotica followed by C. equisetifolia
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also improved soil organic carbon and porosity, while bulk
density decreased. Trees improved hydraulic conductivity
and infiltration rate and brought about a significant change
in soil stability by improving aggregates, decreased soil and
water erosion (Vishwanath 2015).

Under extreme conditions of high water table (WT)
and salinity (WT: 0.75 to 1.0 m and saline 10-12 dS/m),
Acacia ferruginea, Albizia lebbeck, Glyricidia maculata and
Casuarina equisetifolia were most tolerant, while Dalbergia
sissoo, Inga dulse, Eucalyptus hybrid and Pongamea pinnata
were moderately tolerant to salinity level up to 10-12 dS/m
and WT up to 0.75 m (Vishwanath 2015). That apart, all
the tree species also enriched the soil nutrient pool (NPK)
and organic carbon. Jamun and sapota survived and grew
better under relatively lower salinity and shallower water
table conditions, whereas wood apple was promising under
relatively high salinity but deeper water table conditions.
Pomegranate and ber maintained a moderate survival and
steady growth rate in low salinity and shallow water table
conditions. For example, Australian studies describe use of
plants such as lucerne (Medicago sativa), eucalyptus trees
(Eucalyptus spp.), and saltbush (Atriplex spp.), which are
thought to mitigate potential crop damages in areas where
rising water tables bring saline water into root zones by
lowering water tables through high transpiration rates
(Heuperman et al. 2002).

Water quality

Maintaining water quality for agriculture and other
uses is increasingly thought to require maintaining buffers
of vegetation with intact groundcover and root systems
throughout the watershed. Vegetation, microbes, and
stabilized soils can remove pollutants from overland flow
and from groundwater by physically trapping water and
sediments, by adhering to contaminants, by reducing water
speed to enhance infiltration, by biochemical transformation
of nutrients and contaminants, and by absorbing water and
nutrients from the root zone (Naiman and Décamps 1997).
Vegetated riparian buffer zones in particular perform critical
functions to support water quality.

Along with a decrease in erosion, pollutants carried
with surface runoff causing non-point source pollution
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are reduced in agroforestry systems (Udawatta et al.
2002) (Table 5). Agroforestry riparian buffers are widely
recommended to trap movement of pollutants, i.e. excess
nutrients from agricultural lands into water, and their effect
relatively well documented in the temperate region (Daniels
and Gilliam 1996, Lee et al. 2003, Schoonover ef al. 2005,
2006). The reduction in sediment and nutrient losses is
strongly dependent on the site conditions, precipitation
factor, and vegetation. Measured reductions were between 0
and 100% for sediment loss, 20-90% for total N, 20-100%
for NH,-N, 24 -100% for NO,4-N, 8-91% for total P, and
58 — 100% for PO,-P. Both grass and grass/wood strips
were effective in reducing loss of sediments and nutrients.
The ability of these systems to reduce erosion and nutrients
exported with surface runoff is often related with measured
higher microporosity and infilteration rates (Anderson ef al.
209, Kumar et al. 2010, Schoonover et al. 2005).

Trees planted at agricultural fields may contribute to
reduce leaching related adverse effects on seepage quality
(Dimitriou et al. 2009, Updegraff et al. 2008). Such
regions could use lower quantity of fertilizers compared
to intensively managed annual crop lands (Boehmel ef
al. 2008, Di Nasso et al. 2010). Furthermore, the use of
pesticides is only marginal and especially limited to the
first 2 years after planting (Dimitrou et al. 2009, Hofmann
Schielle et al. 1999). Other reasons are the increase of soil
organic matter caused by an increase of litter. Mulch and
roots under trees that result in increased cation exchange
capacity as well as nutrient retention or higher uptake rates
of nutrients in the percolating soil solution (Lehmann and
Schroth 2003). Deep rooted trees are able to capture and
retrieve nutrients leached below the rooting zone of crops
referred to as safety net effect (Jose et al. 2004).

Carbon sequestration

Atmospheric carbon as CO, CO,, CH, etc. is the
major culprit for the green house effect and ozone holes
endangering biosphere. For all demerits, this carbon has
to be sequestered in to solid phase bound carbon. Land
use change has a significant impact on below ground
carbon (C) stocks. Conversion of woodland to agricultural
land depletes terrestrial C stocks by drastically reducing

Table 5 Reduction in sediment and nutrient loss with surface runoff in agroforestry buffer strips

System Slope Sediments Nutrients Reference
(%) N NH,N  NO,N TP PO,-P
G 1-2 19 21 ND 24 8 ND Udawatta et al. (2002)
G 1 94-100 ND 100 100 ND 100 Schoonover et al. (2005, 2006)
G 5 95 80 ND 62 78 58 Lee et al. (2003)
G/W 1-2 0 20 ND 37 17 ND Udawatta et al. (2002)
G/W 5 97 94 ND 85 91 80 Lee et al. (2003)
G/W 4-15 80 50 20-50 59-90 60 50 Daniels and Gilliam (1996)
F 1 76-86 ND 68 97 ND 78 Schoonover et al. (2005, 2006)

TN total N, NH,-N ammonical N, NO,-N nitrate N, TP total P, PO,- phosphate P, G grass strip, G/W grass/woody strip, F forest

buffer, ND not determined. Source: Tsonkova et al. (2012)
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the vegetation C and soil organic carbon (SOC) pools.
Introduction of trees in agroforestry arrangements has the
potential to increase soil organic matter (SOM) and store
significant amount of C in woody biomass (Unruh et al.
1993). For smallholder agroforestry systems in the tropics,
potential C sequestration rates range from 1.5 to 3.5 t
C/y (Montagnini and Nair 2004). For instance, in Zambia,
2 to 12 year old Leucaena spp woodlots stored up to
74 t/ha in above ground biomass and 140 t/ha in the soil
(Kaonga 2005). Coppicing fallows of Gliricidia sepium ,
Senna siamea, Acacia and Leucaena spp stored more C
than the short duration fallows of Tephrosia, Sesbania and
pigeonpea (Sileshi et al. 2007). Even simple systems such
as the glyricidia - maize intercropping recycle substantial
amounts of above ground C stocks to the soil via the
organic materials. In India also agroforestry is promising
alternate land use system to increase aboveground and soil
C to mitigate climate changes. The average potential of
agroforestry has been estimated to be 25 t C/ha over 96 m
ha (Sathaye and Rvindranath 1998) and in this way there
is a potential to store about 2400 m t.

The analysis of C stocks from various parts of world
revealed that 1100 — 2200 Tg C could be removed from
the atmosphere over the next 50 years if agroforestry
systems are implemented on a global scale (Albercht and
Kandji 2003). Based on assessment on national and global
terrestrial C sinks, Kursten and Burschel (1993) identified
two migratory effects of agroforestry on CO, emmissions.
The first direct near-term effect is C storage in trees and
soils through accumulation in live tree biomass (3 — 60
t/ha), wood products (1 — 100 t/ha), and SOM (10 — 50 t/ha),
and through protection of existing forests (up to 1000 t/ha).
Secondly, agroforestry has potential to offset greenhouse
gas emission through energy and material substitution, and
reduction of fertilizer carbon foot print. About 5 — 360
t/ha of green house gas emissions are offset through energy
substitution, up to 100 t/ha through material substitution and
1- 5 t/ha through reduction in fertilizer inputs. In addition,
agroforestry can enhance C sequestration by decreasing
pressure on natural forests, which are a terrestrial C sink.
Therefore, there is growing consensus among scientists that
agroforestry is a viable option of enhancing the terrestrial
C sink (Lal 2004).

Biodiversity

Biodiversity — the variation of life in all forms from
genes, to species, to communities, to whole ecosystems
— is a significant determinant of ecosystem function and
provision of ES. Although relationships between biodiversity
and ES are complex and vary widely across different types
of ecosystems, at the broadest level, increased native
biodiversity is generally associated with higher levels of
ES within a given system (Balvanera et al. 2006, Cardinale
et al. 2012). It is also important to note that some ES are
provided in part by the abiotic (nonliving) components
of ecosystems, such as aquifers and inorganic portions of
soils. Biodiversity can be considered a form of ‘biological
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insurance’ that helps to assure ecosystem performance,
including providing ecosystem services, as diversity
increases the chances that one or more species will be able
to perform critical functions, even in the event of disturbance
or species loss (e.g. natural disaster and human-induced
land use change) (Naeem and Li 1997).

Genetic resources provide a pool of raw material
necessary to support the process of natural selection and
produce evolutionary adaptations in unmanaged ecosystems.
In agroecosystems, crop and animal breeders draw on genetic
diversity using traditional breeding and biotechnology to
artificially select and perpetuate desirable traits (Zhang et
al. 2007). A broad portfolio of genetic resources increases
the likelihood of maintaining production, particularly as
environmental pressures such as climate, pests, and disease
fluctuate. Production stability comes through an array of
genotypes, each with different characteristics of disease
resistance, tolerance for environmental extremes, and
nutrient use (Esquinas-Alcazar 2005). Different genotypes,
or cultivars, are required for planting in orchard systems
and hybrid seed production to set fruit or seed (Free 1993,
Delaplane and Mayer 2000). The benefits of genetic variation
at the species level include enhanced biomass production,
reduced loss to pests and diseases, and more efficient use
of available nutrients (Tilman 1999).

Crop production is supported by genetic resources from
two important sources. First are ‘landraces,’ the varieties of
crops and livestock that have been cultivated and selected
by farmers over many generations practicing traditional
agriculture (Shand 1997). Second are closely related species
that survive in the wild, known as crop ‘wild relatives.’
Areas with high concentrations of landraces and wild
relatives are considered centers of crop genetic diversity
(Shand 1997). These centers are critical, as many important
crops could not maintain commercial production without
periodic infusions of genetic resources from wild relatives
(de Groot et al. 2002).

Ecosystem resilience

Agroforestry, due to above mentioned ES, can play a
crucial role in improving resilience to uncertain climates
through microclimate buffering and regulation of water flow.
It helps to conserve and protect natural resources, mitigate
non-point source pollution (e.g. dust), and create wildlife
habitat. It facilitates flexible responses to rapid shifts in
ecological conditions. Microclimatic improvement through
agroforestry has a major impact on crop performance as
trees can buffer climatic extremes that affect crop growth
(Madiwalar 2016). In particular, the shading effects of
agroforestry trees can buffer temperature and atmospheric
saturation deficit reducing exposure to supra-optimal
temperatures, under which physiological and developmental
processes and yield become increasingly vulnerable.
Scattered trees in agroforestry farms can enhance the
understory growth by reducing incident solar radiation,
air and soil temperature, while improving water status,
gas exchange and water use efficiency. Lott ef al. (2003)

[o]
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reported that about 25% of the water transpired by trees is
used during the dry season, indicating that they are able to
utilize off-season rainfall (comprising 15-20% of the total
annual rainfall) and residual soil water after the cropping
period, with the rest being lost by evaporation (40%) or
deep percolation (Mbow et al. 2014). Despite its small
size, agroforestry can add a high level of diversity within
agricultural lands and, with it, an increased capacity for
supporting numerous ecological and production services
that impart resilience to climate change (CC) impacts
(Verchot et al. 2007). From a landowner’s perspective,
the most valued services would be those that can dampen
the negative effects of CC and weather extremes while
augmenting the positive benefits provided by tree systems.
CC risk management is difficult in annual-only systems due
to the increasing uncertainty and volatility of inter-annual
variability in rainfall and temperatures. The mixing of woody
plants into crop, forage, and livestock operations provides
greater resiliency to this inter-annual variability through
crop diversification produced seasonally, as well as through
increased resource-use efficiency (Olson ef al. 2000).

Conclusion

World becoming more and more industrial, ES needs
more attention and emphasis than ever before. Properly
designed and strategically located agroforestry practices
can contribute to ES by mitigation of land degradation,
climate change and desertification, while conserving natural
resources and biodiversity. Besides getting tree based goods
and services, agroforestry can be considered as an adoptive
strategy in areas climatically and biologically vulnerable.
Being a potential C sink agroforestry can also mitigate
negative impacts of CO, emission. As green belt, trees have
a role in maintaining air, water and soil quality in mining
and industrial areas. However, what presently understood
is very little and there is need to understand the organisms,
guilds, and ecological communities that provide ecosystem
services and how these aggregate at different scales from
cultivated fields to broader regions. Continued work on this
front is needed to answer the growing call for agricultural
landscapes that can simultaneously meet production and
conservation goals.
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