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Introduction

The role of trees in environmental security has been well known for ages. 

Trees in agroforestry systems not only provide direct benefits (food, fodder,
fuelwood, fertilizers, fibres, etc) but also improve soil fertility, reduce soil erosion,
filter atmospheric pollutants and most importantly they maintain carbon balance. 

Growing multipurpose trees along with agricultural crops, has been considered as a
panacea for maladies of intensive agriculture and deforestation. 

It is considered to be one of the key paths towards prosperity of small and marginal
farmers facing the challenges of low and uncertain yields, deterioration of the soil
and environmental resources and suffering from hunger, malnutrition and  poverty
particularly in areas that have been bypassed by the green revolution (1).

Agroforestry helps coping with climate change by storing carbon, trees buffers
weather-related production losses, enhancing resilience in climate impacts and
trees can provide income and a diversity of food sources through tree-based
products (2). 
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Farmers believe agroforestry is a boon particularly during drought when rainfed
crops fail and trees provide fodder, fruit, vegetable, fuelwood, timber and fibre for
sustaining rural livelihood. 

The respected Nobel Prize Laureate, Wangari Maathai at a second World
Agroforestry Congress, said: “Trees have an important role to play, not only in
climate change mitigation, but also in reducing vulnerability to climate-related
risks.” 

The potential capacity of Agroforestry to adapt to harsh climatic events is greater
than is agriculture because it is playing an important role in ecosystems services, by
preventing land degradation, coping with various vagaries of climate. It has been
stated that agroforestry systems are treasures of ecosystem services which could
act as a symbol of nine planetary boundaries of world. 

The multi-functional role of agroforestry (Fig 1) has been emphasized by both the
Millennium Ecosystem Assessment and the International Assessment of Agricultural
Science and Technology for Development.

Agroforestry for soil based services

Agroforestry practices play an important role in improving the fertility of the soils.
Its role in enhancing and maintaining long-term soil productivity and sustainability
has been well documented (Fig 2). 

Its systems are likely to be more effective in erosion control through supply of litter
to the ground surface than through the effects of the tree canopy (3). 

It is the source of organic matter by litter fall, debris and nitrogen fixation which can
maintain the fertility of soil. Erosion is regarded as one of a number of forms of soil
degradation, including the deterioration of physical, chemical and biological
properties, all of which require attention.

Agroforestry provides soil based ecosystem services from numerous positive
interactions (1). 

A major contribution of its trees to soil based ecosystem services occurs as a result
of above-ground and below-ground organic inputs that provide food and nutrients
needed for the soil organisms involved in carbon transformations and nutrient
cycling (Fig 3).

Biological nitrogen fixation (BNF) constitutes a key nutrient input to agro-
ecosystems. The contribution of leguminous trees to building up N in degraded soils
through BNF is well recognized as an important component of the ecosystem
service of nutrient cycling (1). There are significant differences in estimates of BNF in
trees, ranging from high rates up to 472 kg N2 ha−1 year−1 in L. leucocephala,
Gliricidia sepium, and Calliandra calothyrsus to low rates <50 kg N2 ha−1 yr−1 in
Acacia melanoxylon and A. holoserica (4), whereas roots of Casuarina species fix
nitrogen at up to 350 kg N ha−1 yr−1. 



There are two types of the nitrogen fixation, symbiotic and asymbiotic nitrogen
fixation. The symbiotic nitrogen fixed by actinomycttes fungi and nodule forming
rhizobium species. 

In asymbiotic nitrogen fixation, the free living organisms of soil like clostridium
(anaerobic), azotobactor (aerobic), Blue green algae (cynobacteria) and 

some lichen fixes of free nitrogen of the soil by all the microorganism living freely or
outside the plant cell.

Ecosystem services offered by agroforestry

Trees in agroforestry are offering several services by directs and indirect means. 

The followings are the positive interactions (Adapted from Luedeling et al.16 &
Atangona et al.17): 

Trees can act as a safety net by capturing nutrients leached from the topsoil, and
they can return these to the soil surface as litter (18). 
Trees add litter on soil surface layer and its impact increases the activity of soil
biota and reduces exposure of the soil surface. This can improve water
infiltration into the soil and reduce surface runoff (19)
Trees in agroforestry help to reduce evaporative demand of crops per unit of
photosynthesis by lowering windspeeds and the higher humidity under trees
partially compensates increased water use (20).
Turnover of fine roots contributes considerable amounts of soil carbon which
acts as a major source of soil organic matter in situations where aboveground
organic inputs decompose in a surface litter layer (21).
Nitrogen fixing trees (NFT) can substantially improve the balance and availability
of N in agro-ecosystems by adding the nitrogen at the rate of 43-581 kg N ha-
1year-1 (Table 1)
Trees can also trap dust and sediment as well as being sites for nutrient
accumulation from animals (including birds) that perch on them or seek shelter in
their shade, where they urinate or defecate, is a nitrogenous waste in solid form
(22). 
Agroforestry may improve water use efficiency by reducing the unproductive
components of the water balance, such as run-off, soil evaporation and drainage
(23). 
Trees in agroforestry systems capture water resources mainly from deep soil
layers beyond the reach of annual crops. Crop roots in drier surface soil may
benefit from hydraulic lift of water by trees from wetter soil at depth (24)
Microclimate modification by trees also provides ecosystem services, e.g. shade
and temperature under tree canopies can be substantially lower than in an open
field, potentially reducing heat stress for plants and animals particularly during
the hottest hours of the day. 
Reductions in wind speed are directly beneficial to crops, as they reduce the
mechanical damage to crops, such as leaf tearing and crop lodging (25).



Insectivorous birds and beneficial insects hosted by trees have been shown to
regulate insect pest populations and pollinate crops (26).
Multispecies systems can sequester carbon over pure crop stands. Trees and
crops (27, 28) may also enhance the soil carbon content, thus participating in
climate change mitigation. Rain interception by trees reduces the soil erosion and
allows conservation of soil and water.
The effect of agroforestry on weed suppression is also well documented (9).
Mixing tree species may also reduce the specific diversity of the weed stand and
lead to a change in biomass distribution between weed species 
Some of the toxic substance secretions i.e. allelopathy may be useful in control of
weeds, insect nematodes and disease pathogens (30).

Agroforestry for biodiversity conservation

The concept of agroforestry embraces many intermediate intensity land use forms,
where trees still cover a significant proportion of the landscape and influence
microclimate, matter and energy cycles and biotic processes (31).

The protection of natural habitats remain the backbone of biodiversity conservation
strategies, promoting agroforestry on agricultural land especially in arid and semi
arid areas where natural habitat has been highly fragmented. 

According to FAO (32), agroforestry improves above ground biodiversity as it
provides more habitats and food for birds, small mammals, reptiles, earthworms,
insects, etc., which in turn lead to an increase in species diversity and population.

Agroforestry helps in reducing biodiversity loss by providing a protective tree cover
along agricultural fields and by providing habitat for a diversity of flora and fauna. 

It helps in conserving genetic diversity of ethnocultivars or landraces and for trees
that are in danger of loss and require priority conservation (33). Altieri (34) opined
that since AFS are more diverse and have low-input strategies, these have greater
biological interactions and thus are richer in biodiversity. 

Agroforestry can (1) provide secondary habitats for species, (2) reduce the rate of
conversion of natural habitats, and (3) create a benign and permeable matrix
(corridor) between habitat (5) and conservation of biological diversity by providing
other ecosystem services such as erosion control and water recharge, 

thereby preventing the degradation and loss of surrounding habitats (31, 35). 

Table 2 represents the design and development peculiar to agroforestry systems for
biodiversity as well as for commerce.

Agroforestry for problematic soils

Agroforestry has high potential for simultaneously satisfying three important
objectives viz., protecting and conserving natural resources; producing a high level
of output of economic goods; and improving income and raw materials for rural
populations (1).



The studies indicated that under agroforestry systems soil organic carbon and
available nutrients increased as compared to growing only trees or a sole
agricultural crop. 

Experimental evidence under an agri-silvihorticultural system (aonla+ leucaena +
blackgram)in rainfed conditions showed that after nine years organic carbon was
increased by 65 to 109.4%  under closed canopy conditions and by 28.1 to 62.5%
under open canopy as compared to initial value (0.32%). The tree are performing
prominent role in enhancing soil organic carbon. 

The organic carbon per cent under the canopy of aonla is higher than open canopy
owing to the fall of aonla leaves, being mostly restricted to the tree canopy (37). An
increase in organic carbon, and available N, P and K content in a Khejri (Prosopis
cineraria) based silvi-pastoral system compared with no-Khejri soil, indicates
retention/plantation of Khejri trees on pasture land. The Khejri based system has
led to higher fodder production to meet the needs for food, fodder, fuel and small
timber (38, 39).

An increase in soil organic carbon status of surface soil has been observed: 0.39% to
0.52% under Acacia nilotica + Sachharum munja and 0.44% to 0.55% under Acacia
nilotica + Eulaliopsis binata after five years. There are indications that Acacia nilotica
a tree + Eulaliopsis binata a grass are conservative, more productive and less
competitive and are suitable for eco-friendly conservation and rehabilitation of
degraded lands of Shivalik foot hills of subtropical northern India (40). 

Table 3 shows the soil health status under a Prosopis cineraria-based agroforestry
as compared to sole or open field. The studies of an agri-silvicultural system
growing of Albizia procera with different pruning regimes, showed that the organic
carbon of the soil increased by 13-16% from their initial values which was five to six
times higher than growing of either sole tree or a sole crop (41).

Evaluation of soil chemical properties in a traditional agroforestry system of the
north-eastern region indicates a spectacular increase in soil pH, organic-C,
exchangeable Ca, Mg, K, and build up of avai1able P under different agroforestry
practices within 10-15 years (42). Similar results have been shown when MPTs
(Multipurpose trees and shrubs) were evaluated in an extremely P-deficient acid
Alfisol in Meghalaya. 

MPTS, including Alnus nepalensis, Parkia roxburghii, Michelia oblonga, Pinus kesiya,
and Gmelina arborea led to: a) greater surface cover (43), b) a constant leaf litter fall
and extensive root systems with a 96.2% increase in soil organic carbon, c) a 24.0%
increase in aggregate stability, d) an increase of 33.2% in available soil moisture and
e) a reduction of 39.5% in soil erosion.

Soils under Acacia auriculiformis, Leucaena leucocephala and Gmelina arborea have
a persistently high humification rate while soils under the canopy of Michelia
champaca, Tectona grandis and Dalbergia sissoo show low humification of the
organic matter (44).



Such improvements in soil quality under agroforestry systems have a direct bearing
on long-term sustainability and productivity of soils,being a viable option for eco-
restoration, maintenance of soil resources for obtaining ecosystem services, as
good air and water quality in the area. 

Association of MPTS with arable crops in arable lands and development of
agroforestry systems such as agri-silviculture, agri-horticulture, silvi-pasture and
horti-pastoral systems on all kinds of degraded wastelands have been examined.
The results indicate agroforestry interventions with erosion control structures, such
as half moon terraces, contour bunds, grassed waterways, gully plugging and bench
terracing are helpful from water conservation and production points of view. 

The overall (biomass) productivity, soil fertility improvement, soil conservation,
nutrient cycling, microclimate improvement, and carbon sequestration potential of
an agroforestry system are generally greater than that of an annual system (45). 

Further, alley cropping i.e. intercropping in interspaces of hedgerows, is a proven
and sustainable agroforestry technology for resource conservation and sustainable
production. Fertiliser Trees are used in agroforestry to improve the soil condition by
adding nutrient by nitrogen fixation and leaf shading e.g. Indigofera, Leucaena,
Sesbania, and Albizia have been tested as alley or hedgerow crops. 

Alley cropping with Leucaena leucocephala was effective for erosion control on land
sloping up to 30%. The contour-paired rows of Leucaena hedge, Leucaena and
Eucalyptus trees, and 0.75 m wide grass barrier at 1.0 m interval in maize reduced
runoff of rainfall from 40% to 30% and soil loss from 21t to 8t ha-1 on 4% sloping
land (46). 

Multipurpose trees and shrubs (MPTs) can be used on sodic soils where annual
crops cannot be grown due to higher pH and EC. Trees, through their roots, open
the compact subsoil and improve 

water permeability and thus facilitate salt leaching. 

By the planting of MPTS, soil pH and EC was decreased to 8.2 and 0.2 mmhos/cm
from initial values of 10.5 and 0.736 mmhos/cm, respectively, after 11 years
recording. The soil organic carbon, available P and K were increased. Among the
tree species tested, Acacia nilotica, Albizia procera, Leucaena leucocephala,
Azadirachta indica and Eucalyptus hybrids were found to be the most suitable tree
species for rehabilitation of sodic soils and to maintain an eco-friendly systems (47).

Agroforestry has played a major role in the rehabilitation of wastelands, desert and
lands degraded by salinisation, water and wind erosion (1). The replacement of field
crops and horticulture by silvipasture and agroforestry for, the productive and
protective purposes has led to a reduction in runoff in watershed management of
48 to 99% and reduction in soil loss 81 to 98%. 



There is the added benefit of a reduction in the rate of population migration from
26.6% before the implementation of Watershed Management to 9.3% during the
project period (48). Table 2 exemplifies how different agroforestry tree species
suitable for different problem soils can ameliorate the soil condition.  

Agroforestry for carbon sequestration

The United Nations Framework Convention on Climate Change (UNFCCC) defines
carbon sequestration as the process of removing C from the atmosphere and
depositing it in a reservoir (wood or soil). 

It entails the transfer of atmospheric CO2, and its secure storage in long-lived pools
(49).The carbon cycle in plants is driven by the process of photosynthesis (Fig 4). 
The agroforestry systems have the potential to sequester large amounts of above
and below ground carbon compared to treeless farming systems (50, 51). The
agroforestry is well recognised by scientific community for their role in climate
change adaptation and mitigation due to its multiple plant species (52). 

In India, evidence is now emerging that agroforestry systems are promising land use
to increase and conserve aboveground and soil carbon stocks to mitigate climate
change (53). Average sequestration potential in agroforestry in India has been
estimated to be 25 t C ha-1 over 96 million ha (54). 

A study conducted under AICRP-AF shows that in subtropical sub-montane low hill
areas agroforestry can enhance carbon sequestration by 50 per cent  for  both
arable and non-arable lands. 

A study conducted on the potential of carbon dioxide sequestration of existing
green belt at JSW Steel limited in Bellary district of Karnataka found that tree
plantations and agroforestry have a huge potential in sequestrating the carbon
produced by such heavy industries (55). 

Table 3 shows the potential of carbon sequestration by various agroforestry
systems in India adapted from Chavan et al. (56).

Shifting agriculture

Biomass

As reported by North Eastern Council, Shillong, Meghalaya, about 1.46 Mha is
affected by shifting cultivation in the north-eastern region. 

In India, about 2.32 M ha  is under shifting cultivation in states other than the north-
eastern region and about 2.53 million families are engaged in this practice.

Biomass is the key component of slash and burn agriculture. The biomass stores
and conserves the nutrients and recycles them for replenishment of soil fertility. In
the areas of slash and burn agriculture, secondary succession rehabilitates the
abandoned fields. 



The biomass, net primary productivity and litterfall patterns during a 20-year fallow,
subsequent to shifting agriculture were studied at Burnihat in north-eastern India
(57). Succession was accompanied by increased species diversity, reduced
dominance, and increased above-ground productivity which reached 18t ha-1 yr-1 in
a 20-year old fallow. Litterfall increased with the age of the fallow up to 10t ha-1 yr-1
in a 20-year fallow (Table 5). 

During the agriculture phase a multi-storied crop canopy develops, with perennial
crops such as cassava, banana and castor occupying the top layer, cereals
constituting the middle layer and cucurbits and legumes forming the lower stratum. 

In one of the studies at Burnihat, in north-eastern India (58), the total biomass (root
and shoot) obtained from grain and seed yielding crops under a 30-year cycle was
2.5- and 20- times greater than under 10 and 5-year cycles, respectively. 

The biomass obtained from leafy and fruit vegetables were maximum under a 5-
year cycle, whereas, that from tuberous and rhizomatous crops under the 10-year
cycle was almost twice the output of the 5 and 30 year cycles. Maximum economic
yield per hectare for rice, maize and Setaria italica (Table 6) was obtained under a
30-year cycle. This yield occurs only once after clearing the fallow of 30 years,
meaning  that the area of the land would need to be 30 times greater if this cycle
was to be operated annually. 

In practice, shorter cycles of 5 to 10 years are more common as the population of
cultivators has increased in the recent past and available land is scarce.  

But the  reduction of yield of these crops was 48% and 98% under 10 and 5 years
cycles, respectively, c.f. 30 years. The economic yields of leaf and fruit vegetables,
however, were much higher in a short cycle of 5-year than in the longer cycles. 

Soil carbon

Slash and burn agriculture involves a fallow period from 5 years to sometimes 30
years. 

The intensity of burn has significant effects in the properties of soil including organic
carbon and pH. Short (slash and burn)cycles of 5 years start with a low budget of
carbon as compared to medium and longer cycles (59).

The depletion of soil carbon continues throughout one year of cropping depletes
the carbon by up to 22% (Table 7) and further throughout early phases of
succession up to 5 years mainly due to a  low rate of return of litter (1.2 ton/ha/year)
and accelerated oxidation at the surface.

This is a strong reason for a longer cycle. The improvement of soil carbon is
maximum for a 10-year fallow due to production of high litterfall (7.1 ton/ha/year),
of which bamboo (Dendrocalamus hamiltonii) is the main contributor (53).



This is a good reason for replenishment of soil fertility over a 10-year fallow – the
optimum cycle for the yields of cereals and legume compared with a short cycle of
5-year in which the yields of rice and legumes is much reduced.

The change in the soil characteristics with biochar includes an increase in the
activity of mycorrhizal fungi and in microbial growth. 

Biochar is useful in the acidic tropical soils as it raises pH due to its slightly alkaline
nature. If biochar becomes widely available for soil improvement, it will sequester
significant amount of carbon that could help counter global warming. 

An increase in soil carbon has a significant impact on crop yield.

An increase of one ton of soil carbon would increase crop yield by 20 to 40 kg/ha of
wheat, 10 to 20 kg/ha of maize and 1 kg/ha of cowpeas (60).

Every year the farmer is clearing a new piece of land and shifting to fresh land after
one year of cropping.

This cycle is still repeated; whereas now that land is scarce there is need to find
alternatives of shifting cultivation.  

These we have proposed in this paper. 

Recommendations to improve and change shifting agriculture

Shifting agriculture with a fallow period of more than 10 years is sustainable
ecological, economical and energy efficient and it should continue.

Traditional knowledge of cultivation, resource management and plants used should
be documented.

Home gardens which are the sites of high species diversity of native trees, shrubs
and herbs should be strengthened. 

Degraded lands under shorter cycles should be rehabilitated through cash yielding
crops such as fruit, spices and short rotation timbers.

Multi-storied agroforestry systems should be developed integrating cash crops such
as areca nuts, coconuts, bananas, citrus, and medicinal and aromatic plants.

Nitrogen fixing trees such as alders (Alnus nepalensis) which coppice excellently and
could be managed as a single bole, should find place in high density agroforestry
systems.

Bamboo (Dendrocalamus hamiltonii) which is extremely useful and  also conserves
potassium during the early stage of secondary succession, should be planted in
agroforestry systems. 

Agroforestry systems could be managed intensively using bio-fertilizers, bio-
pesticides and recycling the in-situ produced litter as mulch for  nutrient and
moisture conservation.



Native stains of useful microbes and fungi should be used for production of bio-
fertilizers and bio-fungicides.

The Taungya system should be launched allocating land with plantation crops raised
by the Forest Department, as it was extremely successful in the past and still is in
several tropical countries.

Fire can be used as a tool to manage the acidic pH of the high rainfall areas.

Involve local people in all research projects and in development of technology.
Develop suitable strategies for agricultural marketing and sub​sidies.

Various agencies should coordinate for the benefit of farmers and should improve
their buying capacity.

Ways to overcome hurdles of agroforestry adoption

Complexity: the complex nature of agroforestry systems make it difficult to adopt by
farmers. To overcome complexity of agroforestry need to restructure and redesigns
the systems as  per the need of farmers by considering local species. 

Competition: this is the main reason of non-adopting agroforestry systems by
farmers. The competition among crop and trees reduces yield due shade and
nutrient availability. 

To overcome competition there are numerous practices evolved by scientific
community through extensive research on “Tree-Crop Interaction” studies. 

The proper tree management practices with suitable tree species can helps to
reduce the negative impacts of interaction and increases positive benefits.

Mechanization: In the era of intensive agriculture, tree based systems are one of the
hurdles for mechanization. 

Therefore the adoption laborious agroforestry systems is very slow or negligible. To
overcome this problems, the choice of species and spacing is the key challenge for
adopting mechanization. 

Policy issues: The tree harvesting and transportation is very difficult due to
numerous laws, acts and policies of state forest department. 

The tree is subject of forest department and there is no tie-up between forest and
agriculture department. As per as India is concern, the government is came up with
National Agroforestry Policy 2014 to overcome these issues.

Marketing: The commercial agroforestry is flourished only limited states like Punjab,
Haryana, Andhra Pradesh and Tamil Nadu. Rest of states don’t have proper
marketing channel and wood based industry, which hinders the agroforestry
adoption.

Carbon trading and Ecosystem services: As per the UNFCCC and IPCC, agroforestry
is considered as remedies for environmental issues like climate change. 



The services provided by trees are not yet quantified properly and paid for that.
There is no proper and simple mechanism for payment of ecosystem services (PES). 

Conclusion

The World’s environmental agendas are now converging to address the economic,
social and environmental dimensions of sustainable development through
developing agroforestry.

Agroforestry combines traditional knowledge and more recent research evidence
related to optimizing the interaction of trees, crops, livestock, water, soil, social
systems and economic systems such as markets and value chains in order to
respond sustainably to challenges of economic development and biodiversity. 

The services rendered by agroforestry are well documented throughout the world. 

Livelihood security and environmental security are prominent services of
agroforestry in sustainable agricultural development in which the concepts of
resilience and sustainability are followed. 

Agroforestry must form part of discussions within the global environmental arena.
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Figures

Figure 1. Fig 1. Multi-functional agroforestry systems



Figure 2. Fig 2. Agroforestry for soil conservation

Figure 3. Fig 3. Soil based ecosystem services in agroforestry (AF)



Figure 4. Table 1. Biological nitrogen fixing trees and shrubs in agroforestry systems



Figure 5. Table 2. Desirable characteristics of agroforestry systems for biodiversity conservation
(adapted from Harvey et al. 36)

Figure 6. Table 3. Recommended tree species for problem soils in India



Figure 7. Fig 4. Carbon sequestration process in an agroforestry system (adapted from Ram
Newaj et al. 51)



Figure 8. Table 4. Reported carbon sequestration potential (CSP) (Mg C ha-1yr-1) of various
agroforestry systems in India



Figure 9. Table 5. Biomass of fallows in slash and burn agriculture under short, medium and
long (slash and burn) cycles at Burnihat, Meghalaya in northeastern India (Toky and
Ramakrishnan, 59).

Figure 10. Table 6. Crop diversity and yield (kg/ha/year) in a multi-storey agroforestry farming
system under shifting agriculture, compared with rice yield in northeastern India (Toky and
Ramakrishnan, 61). n.b. Yield occurs only once after a period of 30 or 10 or

Figure 11. Table 7. Changes in soil organic %* in slash and burn agriculture (jhum) under short,
medium and long cycles in north-eastern India (Ramakrishnan and Toky, 62).
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