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Abstract

Agroforestry is an age-old land use system as the process of human evolution
has been from forests when man learnt the art of domesticating plants and
animals after leaving the hunting and gathering habit. The hunting and food
gathering system gradually gave way to food producing systems. Inciden-
tally, some stray references related to tree plantations occur in different texts
of the Vedic literature. Archeological excavations corroborate early tree
domestication around the settlements in South Asia. In India, organized
research in agroforestry was initiated in early 1970s through industry
participation in plantation of commercial tree species through Indian Council
of Agricultural Research (ICAR) institutes. As follow up, the All India
Coordinated Research Project (AICRP) on Agroforestry was established in
1983 by the ICAR through which research work was carried out through
Agricultural Universities situated in different agroclimatic zones. Forest
Survey of India has reported that about 25 million ha area in the country
(8.2 % of the total reported geographical area) is under agroforestry in both
irrigated and rainfed agriculture which also includes trees outside forests and
scattered trees on and off the agricultural fields. In this publication, the
various chapters are compiled in such a way that a clear picture of various
agroforestry systems both traditional and improved found in different
agroecological regions is presented. Some systems are present across a
number of climatic regions (for example salt-affected and waterlogged
areas); but the problems are of different nature in different regions. To deal
with such cases, separate chapters are included to present agroforestry
approaches dealing with specific problems. Agroforestry systems provide
excellent opportunities for carbon sequestration and mitigating climate
change, hence it needs a special strategy in policy initiatives.
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Early History of Agroforestry in India

Agroforestry is a collective name for land use
systems and technologies, where woody peren-
nials are deliberately grown on the same land-
management units as agricultural crops and/or
animals, either in some form of spatial
arrangement or on a temporal sequence. In
agroforestry systems, there are both ecological
and economical interactions between the differ-
ent components (Lundgren and Raintree 1982).
Historically agroforestry is an age-old land use
system as the process of human evolution has
been from forests when man learnt the art of
domesticating plant and animals after leaving
the hunting and gathering habit. In about 700
BC, the hunting and food gathering system
gradually gave way to food producing systems.
Horticulture as co-existent with agriculture is
found to have been prevalent in India from early
historic period (500 BC to First century AD)
when a certain amount of share in garden crops
started to have been enjoyed by the King for
providing irrigation. Incidentally, some stray
references occur in different texts of the Vedic
literature. For example, the cultivation of date
palm (Phoenix dactylifera), banana (Musa x
paradisiaca), pomegranate (Punica granatum),
coconut (Cocos nucifera), jujube (Ziziphus
mauritiana), aonla (Emblica officinalis), bael
(Aegle marmelos), lemon (Citrus limon), and
many other fruit trees and requirement of live-
stock in agriculture and mixed economy of agri-
culture and cattle breeding may be traced in proto-
history chalcolithic periods of civilization (Ray-
chaudhuri and Roy 1993). The role of many
common trees such as khejri or sami (Prosopis
cineraria), aswattha (Ficus religiosa), palasa
(Butea monosperma), and varana (Crataeva
nurvala) in Indian folk life has been mentioned in
ancient literature of Rig Veda, Atharva Veda, and
other Indian scriptures (Mann and Saxena 1980).

Archeological excavations corroborate early
tree domestication around the settlements in
South Asia. The evidences of this dates back to
the Mesolithic period (10,000-4000 BC) when
fruits of 63 plants including bael, aonla, ber
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(Ziziphus spp.), figs (Ficus spp.), mahua
(Madhuca indica), mango (Mangifera indica),
etc., were reportedly consumed in one or the
other form and were domesticated near the
habitats (Randhawa 1980). Puri and Nair (2004)
mentioned that rearing of silkworm (Bombyx
mori) and lac insect (Kerria lacca) was practiced
in the Indian sub-continent during the Epic era
of Ramayana and Mahabharata (7000 and 4000
BC, respectively). The Rishi, Muni, and Guru
(teachers of that time) were residing in forest
and derived food in the form of vegetables, dry
fruits, sweetening medium, medicine, and gum
besides fuel from the forest. Further, they
developed Ashrams (Institutions of learning) and
started growing fruit trees like mango, guava
(Psidium guajava), mahua, and others along
with flowers, vegetables, and Kutoo (food
grains) to meet their needs. Emperor Ashoka, a
great Indian ruler (273-232 BC), encouraged a
system of arbori-horticulture of banana, mango,
jackfruit (Artocarpus heterophyllus), and grapes
(Vitis vinifera). Further, the travelog of Ibn
Battuta (Persian traveler, 1325-1354 AD) pro-
vides the earliest literary evidence of intensively
cultivated landscapes of Malabar coast with
coconut (Cocos nucifera) along with black
pepper (Piper nigrum) around the habitats
(Randhawa 1980). Warriar (1995) while
describing Wayanad in Western Ghats, now in
Kerala State, as Green Paradise mentioned that
plough agriculture was prevalent in Wayanad as
early as in the Megalithic Age (between 400 BC
and 400 AD), and spices like black pepper,
ginger (Zingiber officinale), and cardamom
(Elettaria cardamomum) were often grown in
association with woody perennials—as support
or shade trees, since the early Middle Ages
(500-1400 AD). The contents of Krishi Gita—
over 300 year-old book of agricultural verses in
Malayalam—also reflect on the need to maintain
tree cover on the land scape, plant fruit trees on
cleared forests, gardens, and other leftover lands,
avenue planting as well as leaving vestiges of
forests in the midst of cultivated landscapes
(Kumar 2008). Natural history studies during the
two previous centuries (Mateer 1883; Logan
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1906) also signify that the people in the southern
parts of peninsular India traditionally used their
homesteads for a variety of needs such as food,
energy, shelter, medicines, and other purposes.
These evidences show that agroforestry was at
the central stage in meeting the livelihood
requirements since ancient times in India.
Agroforestry practices were also prevalent in
other parts of the world as described by Conklin
(1957), Hailey (1957), Raghavan (1960), King
(1987) and Nair (1993).

In India, organized research in agroforestry
was initiated in early 1970s through industry
participation in plantation of commercial tree
species through Indian Council of Agricultural
Research (ICAR) institutes. In 1979, first agro-
forestry Seminar was conducted at Imphal with
participation of International Centre for Research
in Agroforestry (ICRAF). As follow up, the All
India Coordinated Research Project (AICRP) on
Agroforestry was established in April, 1983 by
the ICAR. The Council took lead in conducting
systematic research in agroforestry initially
through several coordinated projects and later by
establishing National Research Center for Agro-
forestry (NRCAF) in 1988 at Jhansi. The Center
was established to cater basic, strategic, and
applied research needs in the field of agroforestry.
The AICRP on Agroforestry—a large agrofor-
estry network operational since 1983 was trans-
ferred to NRCAF in 1997 by empowering
Director, NRCAF as the Project Coordinator of
this big program. At present, the AICRP is being
operated at 25 State Agricultural Universities
(SAUs), 11 ICAR institutes and one Indian
Council of Forestry Research and Education
(ICFRE) institute. Since the early 1980s several
agroforestry systems have been developed which
have gone to farmers’ fields and provided liveli-
hood support to poor farmers.

Presently, the NRCAF is recognized world-
wide for its research and development capabili-
ties, agroforestry database, and information
repository and natural resource management on
watershed basis. The center conducts basic and
strategic agroforestry research involving forest
and fruit trees, shrubs, bamboos, arable crops,
pastures, livestock, fish, and their interactions.

Equal emphasis is given on tree improvement
and human resource development (HRD)
research programs.

Major Agroforestry Systems
and Practices in India

In agroforestry literature the words “systems”
and “practices” are often used as synonyms. In
real sense agroforestry system is a specific local
example of a practice, characterized by envi-
ronment, plant species, and their arrangement,
management, and socio-economic functioning.
An agroforestry practice in turn denotes a dis-
tinctive arrangement of components in space and
time (Nair 1993). Although hundreds of agro-
forestry systems have been recorded, they all
consist of about 20 distinct agroforestry prac-
tices. In other words, the same or similar prac-
tices are found in various systems in different
situations.

Nair (1993) classified agroforestry systems
based on nature and arrangement of components
(structural classification), function of the systems,
ecological classification, and socio-economic
criteria. In actual sense none of the system can be
followed as such because most of the categories of
agroforestry systems are found in all agroeco-
logical zones. In Indian literature, several terms
for different systems such as agri(o)silviculture,
agri(o)silvipasture, agri(o)horticulture, agri-silvi-
horticulture, agri-silvi-hortipasture, hortiagricul-
ture, horti-silvi(o)agriculture, horti-silvipasture,
silvipasture, sylvopastoral, etc., are frequently
used but the rationale and criteria for using or
defining such terms have seldom been explained.
While classifying agroforestry systems based on
the type of components Nair (1989, 1993) clas-
sified agroforestry systems as agrisilviculture,
silvopastoral, and agrosilvopastoral. He preferred
using term agrisilviculture (rather than agrosilvi-
culture) to denote the combination of trees and
crops, whereas agrosilvopastoral (rather than ag-
risilvipastoral) was used for crops + animals/
pasture + trees. His intention was to limit the use
of the word agrisilviculture only to those combi-
nations involving agricultural crops and trees. He



has argued that the word agrosilviculture can
encompass all forms of agriculture (including
animal husbandry) with trees, and would thus be
another word for agroforestry. That again was the
reasoning behind the use of all-inclusive “agro”
prefix agrosilvipastoral.

In this classification, the word tree was
probably commonly used for forest as well as
fruit trees, hence later the word “horti” was used
as prefix for fruit trees. In this publication, more
common classifications adopted broadly in
agroforestry literature involving all categories
explained by Nair (1993) has been followed;
furthermore, when the tree included is a fruit
tree, it is referred to as a “horti”-system, and the
term tree is used to encompass all trees other
than fruit trees.

With the above background, agroforestry
systems in India are categorized/classified as
follows:

(a) Trees with arable crops or tree-based sys-
tems—includes scattered trees on farm land,
boundary plantations, shelter belts and wind
breaks, and wood lots.

(b) Trees on pasture lands (silvopastoral sys-
tems)—trees + pastures/grasses + animals.

(c) Fruit tree-based cropping systems—arable
crops or grasses as intercrops with fruit
trees.
Commercial tree-based cropping systems—
including commercial trees like Populus and
Eucalyptus along arable crops.
Plantations on rangeland or grazing/pasture
land—plantations such as coconut, rubber,
red oil palm, etc. + grasses/legume fodders
+ animals.
(f) Plantation based multi-storey cropping sys-
tem—>plantations including clove, carda-
mom, coconut, coffee, etc., + forest trees/
shrubs + pine  apple + shade  tolerant
crops + grasses + vines + vegetables, etc.
Others—such as home gardens, multi-
enterprise farming systems, biodrainage
plantations, aquaforestry, apiculture with
forestry, etc.

Some of these systems are traditional (Pathak

and Dagar 2000) while in many research efforts

have been made. In some modern systems such
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as alley cropping (hedgerow intercropping),
sand dune stabilization, reclamation of degraded
lands including salt-affected lands, biodrainage
plantations, even home gardens, improved fal-
lows, watershed management, and multi-enter-
prise farming system much research inputs
(technologies) have been incorporated in the
recent past. The major agroforestry systems/
practices found/identified in different regions of
India are mentioned in Table 1.1.

Description of the systems and practices in
different agroecological regions are included in
specific chapters in this book. Some location-
specific aspects of general nature of agroforestry
systems that are not described in the specific
chapters for different agroecological regions are
briefly described here.

Shifting Cultivation

Shifting cultivation, one of the most primitive
traditional agroforestry practices, refers to farm-
ing system in tropics and subtropics in which land
under natural vegetation (usually forests) is
cleared by the slash and burn method, cropped
with common arable crops for a few years, and
then left unattended while the natural vegetation
regenerates. Traditionally, the fallow period used
to be 10-20 years but now it is reduced to
3-5 years. In India, about 600 thousand families
in 48 districts are cultivating 2.27 million ha area
(Table 1.2) as shifting cultivation (FSI 1997;
North Eastern Council 1997).

It is evident that shifting cultivation has
become unsustainable primarily due to reduced
jhum cycle owing to the increase in population
pressure. Many workers (Borthakur 1992; Ra-
makrishnan 1992; Tripathy and Barik 2003;
Tomar et al. 2012) suggested alternatives or
improvements to shifting cultivation.

Nair (1993) has included about 44 species of
perennial legumes used in Asian farming systems
which may help in improving the fallow. These
include species of Acacia, Albizia, Alnus, Caj-
anus, Calliandra, Casuarina, Erythrina, Faid-
herbia, Flemingia, Gliricidia, Inga, Leucaena,
Parkinsonia, Pithecelobium, Prosopis, Robinia,



Introduction

1

(panunuoo)

uornjeZIfIqe)s saunp pues pue ‘spjoy doid
pue s[eued Juofe suonejue[d oFeureIpolq ‘Spue| pjodje-j[es ‘seare
pauTw ‘Spue[ QUIABI JJR)IIRYSI 0) SUOIFAI PLIB-TWAS PUe pLIE [[& U]

S1S210] AqIeau os[e ‘suordar AIp pue A[[Iy [[e U]

suorgar
paeindod A[yS1y [eIseod pue suoi3ar A[Iy ur A[feroadse suor3ar [y

[10S 9AIOSUOD

0} spue[ urdo[s uo Apsow ‘SUOISaI pruny-qns pue pruny uj
SuoI3al [e)Se0d A[urew ‘suordar [eordony pruny-qns pue pruny uf
suoi3ar A[iy oerodwoy Jurpnyour suoi3ar [y

spiey doio uo sureqd oneSuen
-opu ur (ooquieq ‘smydAeony ‘rejdoq) suonejued [erorowwo))

suor3ar A[[Iy ur soa1) apeys + suonejue[d voJ,

suor3ar [eordon pruny-qns pue pruny

ur <030 ‘sdo1o apeys + (1oddad yoe[q) soulA + WoOWEPILD ‘QA0[O
Y1 $90Ids + S9a1) JINIJ + JNUOD0D ‘0BIBD ‘BJOO Y| SUOHBIUL]

(e1qerreae are s A paaoidurr KueA)) suor3ar AIp ur A[urewt sfewiue
)M pIjeI3oiur os[e ‘Suruiej aoudjsisqns ur A[[eroadse suor3ar [y

(Quowanoiduwr Jo 9dooss y3noud) s3oq [eqLn Aurewr suor3al [[e uf
(yuowraaoxduir jo adoos

[y3nouo) ysopeld BIYpUy ‘BSSLIQ ‘SAIBIS UIAISLIYLION JO Sedre [eqLi],

syrewal [eroads pue uonnqusip/suoneidepe [8o130[002015y

(swoysAs
pasoidur) eare pag3oejem pue ‘pajdajje-1[es ‘paulll ‘papord
Surpnpour spuey papeiSep A[YSIY U0 SISSBIS pue ‘SqNIYS ‘SO,

(3O0ISIAI] SQAJOAUT)

spue] SurzeiS uo (opeys + JOPPOJ Se Pasn) SQNIYS/SI9I) PIIYILOS
SPEIJSOUIOY PUNOIR YJ0)SAAI] PUR

‘syonp ‘Annod 039 ‘soords ‘sojqereSoa ‘sdoIo opeys ‘soura ‘(sqniys
‘soon uonejued 29 3y Ajurewr) s JO UONBUIQUOD A210IS-NNA

sasse1d

/sdo1o a[qere + sA9[[e Se SMOI Ul paures} SqQNIYs/seaI) snourungo|
spue] Surzeid/samysed uo suonejue(d (A)

sdo1o 19ppoj 10 sdororoul 9[qeIe pue SpIeYOIO JINL] (AT)

sdoxo opqere ym suonejuerd 921y, (111)

SOIIEpUNOq UT 9SUIP IO
PIoY U0 parajeds soam apeys yim sdoxo uonejuerd [erorowrwo)) (1r)

sdo1o uonejuerd jo armxmu Aa103s-nnuw pajeIsau] (1)

(sdoxo q[qere + seam NIy pue
18010J) saSpay oA[| ‘suonejued KIepunoq ‘Sp[oy UO PaIeYIeds SIL,

JUQWIYST[qEIS
Jo sa3eis Afred Juumnp sdoid o[qere pue Apoom JO pue)s pauIquio)d)

sdoxo o[qere + porrad mojre;y
ur MoI3 0) 1J9[ pue }so10j Surred[o 10y pajueld soom JuImoI3 Iseq

sjuouodwoo Jolew jo juowasuelry

(poAo1dw) UOTIBAIOSUOD
[10S pUB UONBWER[IAL

pue| 10J UOTIEISAIOPY '§
spue|

amysed/3urzess uo sea1], /.
(s1qereae

os[e suopIes owoy
paoroxduwi) suopies owoH "9
(swaysAs paroiduiy)
(Surddororqur mo103poH)
Surddoxd Aoy g

(poaoidury)

swoisAs Surddord
paseq-uonejued ‘4
(paroxdur

pue [euoniper],) spuef do1o
uo soan osodind-nn ‘¢

(reuonipei]) eA3uney, g

(smofre} paaoiduur
Se [[om Se [euonipei])
UoneAnNd SUIyIys |

onoead A11s010J0I3Yy

BIpPUJ UI punoj saonoeld/sua)sAs A1sa1ojoide uowwo) L°L ajqer



J. C. Dagar et al.

sooe[d Auew Je pomoj[oJ Sureq Ing SAINJUIAPE MIN

suor3ar [e ur paydope 3ureq ‘IouLrej oY) Jo SUIp[OY pue[ JO IZIS A}
uo spuadop osudioyus jo 9z1s ‘oanerounwdl A[Y3ry pue pasoiduy

Anunods noys3noay) sage[[ia aA1ssardord Auew uj
suoI3ar [[e uf

suoI3ar [e uf

syrewal [eroads pue uonngrsip/suoneidepe [89130[009013y

*039 ‘s)sa10j ur Jurzeid

‘sooe[d p[Im pue s3se10j woij sjue[d [EJUSWEUIO JO UOIIBONSAWOP
{SOAOISUBW IM 9IM[ND YSY $S921) JINI) pue Isa1of yim syuerd
d1JEWOIE PUE [BUIOIPAUW JO UOHEBATNO pue ‘arnjnolde ‘Ansaiojenby
A310u9 1ejos/sed [eimjeu + armnoide + armnouoy + puod

ur ysy + A10331d + Anjonp + Annod + o038 9a1] + sdoio
I0ppoJ + s9[qe1adaa + sdo1d pooj + 9913 JINIJ puB 1SAI0]

spue pApiyoung uo sown3o[ pue sassers

JIOppoJ pue SqNIYS/S921) POOM-[aNJ pue Ioppoj snourun3a[ A[jensn)
"0]0 ‘SOA0IS PAIOES ‘SOQI) SNUIAE

‘sour] Aemyrer ‘speor 3uore ‘spue| Alodoid uowrwod uo APISON

$oSpay QAI] SE “'0)0 ‘SNJOBD JUI[NIONS SAWIISWOS SQNIYS PUE SAAI],

sjuouodwos Jofew jo juowoguelry

(paaoxdury) s1oq10 "¢
(paaoiduiy)

SWAISAS Fururey
asudigyua-nN 71
(syueq ursjoid)

swa)sAs A1red pue ) ‘[

SIO[POOM 01

S98pay QAI[ pue ‘syeaIq
puLm ‘s1[9q I9[YS ‘6
Qonoeld Ansa10joIdy
(ponunuoo) L°L ajqeL



1 Introduction

Table 1.2 Area under shifting cultivation in India

States Total area (000 ha)
Arunachal Pradesh 261
Assam 310
Manipur 360
Meghalaya 265
Mizoram 45
Nagaland 633
Tripura 108
Andhra Pradesh 103
Orissa 184
All India 2,269

Source FSI (1997), North Eastern Council (1997)

and Sesbania. The intercropping between the fast
growing leguminous trees during fallow phase is
one of the approaches while finding alternative to
shifting cultivation. Besides technical inputs
socio-economic considerations are also important
in solving the problems related to shifting culti-
vation. There is urgent need of settling the land
tenureship issue educating the people about the
adverse impacts of short jaum cycles. There is
need to provide employment opportunities and
regular income through proper utilization of nat-
ural resources and by equitable distribution of
wasteland among the tribal people. The coopera-
tive efforts should be encouraged for carrying out
forest-based activities such as basket making
(bamboo-based cottage industry), rope making,
cane furniture, processing of minor forest pro-
duce, honey collection, etc. For these activities,
efforts should be made to create viable market for
sailing the products on remunerative prices. The
local administration must ensure the implemen-
tation of total literacy campaign, which due to
remoteness and un-supportive attitude of tribal
people has not been successful so far. For
awareness and educating specially the women and
children, services of various non-governmental
organizations and voluntary agencies, besides the
regular government machinery, are required on
regular basis. Eco-development plans for areas
under shifting cultivation should be developed on
priority on site-specific basis involving sustain-
able agroforestry practices. Determining the
population supporting capacity of a jhum stand

Families involved (No.) Districts (No.)
54,000 10
58,000
70,000
52,290
50,000
1,16,046
43,000
23,200
1,41,000
6,07,536

0 A W I W W

A
%)

may be one of the major aspects for checking the
degradation of the environment and depletion of
the resources. Overall strategy should be devel-
oped which ensures improving livelihood of
people by efficient utilization of natural resources
including land, water, biodiversity, and external
input in a practical and profitable manner
enhancing the environmental safety. Integrated
approach involving arable crops, fruits, animal
husbandry, fishery, and forestry with appropriate
conservation measures for natural resources
would be most effective in overall development of
the shifting cultivation areas.

Taungya

The taungya system in the tropics is like an
organized and scientifically managed shifting
cultivation, a forerunner to agroforestry. The
word is reported (Blanford 1958) to have origi-
nated in Myanmar (earlier Burma); tauang
means hill and ya means cultivation. Earlier it
was a local name for shifting cultivation and
later subsequently used to describe afforestation
as well. Today the system is known by different
names such as Tumpangsari in Indonesia;
Kainginning in the Philippines; Lading in
Malaysia; Chena in Sri Lanka; Kumri, Jhoom-
ing, Poonam, Taila and Tackle in different parts
of India; Shamba in East Africa; Parcelero in
Puerto Rico; and Consorciarcao in Brazil (Nair
1993).



Essentially, the system consists of growing
annual agricultural crops along with the forestry
species during the early years of establishment
of the forestry plantation. The important tree
species grown in this system include Shorea
robusta, Tectona grandis, Dalbergia sissoo,
Acacia catechu, Eucalyptus globulus, Populus
deltoides, and Pinus patula. The land basically
belongs to the forestry department and upon
their large-scale lease, allowed the subsistence
farmers to raise their crops and in turn the
farmers protect the tree saplings. It can be con-
sidered a step in the process of transformation
from shifting cultivation. It is not merely the
temporary use of a piece of land and a poverty
level wage, but a chance to participate equitably
in diversified and sustainable agroforestry
economy. There are numerous reports describing
taungya practices of different regions but
research data on changes of the soil fertility and
management aspects are, however,
Alexander et al. (1980) based on 2 years data on
the Oxisols of Kerala mentioned disadvantage of
taungya causing erosion hazard caused by soil
preparation during cultivation for the agricul-
tural crops. The surface horizons became partly
eroded and subsurface horizons were gradually
exposed. The addition of crop residues to the
soil surface was found to be a very effective way
of minimizing soil loss and exposure. The
farmers may manage the system in more sus-
tainable way as is the case in watersheds if they
are leased the land for longer period.

scarce.

Home Gardens

Home gardens depict a transition stage between
tropical forest ecosystem and arable cropping
that mutually supports the sustainable agricul-
ture and forest ecosystems. It also preserves the
biodiversity. Much has been written about home
gardens and numerous terms have been used by
various workers. These include mixed-garden
horticulture, house garden, Javanese home gar-
dens, compound farm, kitchen garden, house-
hold garden, and homestead agroforestry (Nair
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1993). Plantation crops such as coconut (Cocos
nucifera), cacao (Theobroma cacao), coffee
(Coffea arabica), arecanut (Areca catechu), and
vine black pepper (Piper nigrum) often are the
dominant components of many home gardens of
humid tropics. Fruits such as banana (Musa
paradisiaca), papaya (Carica papaya), mango
(Mangifera indica), guava (Psidium guajava),
custard apple (Annona squamosa), and jackfruit
(Artocarpus heterophyllus) are the major com-
ponents of some tropical home gardens includ-
ing coastal regions of India. Dagar (1995),
Kumar (2006, 2010), Pandey et al. (2007) and
Kumar and Kunhamu (2011) have given com-
prehensive account of home gardens in coastal
and Island regions of India.

Plantation Based Cropping Systems

During the recent past in India a sizeable data
has been generated from coconut-based crop-
ping systems and is related to intercropping
under coconut plantations and fruit tree orch-
ards, integrated mixed farming in small hold-
ings, grazing under coconut, factors favoring
intensification of land use with coconut, and
multi-storey tree gardens. Important crops—
plantation combinations include cereals (rice-
Oryza sativa, finger millet-Eleusine coracana,
and maize-Zea mays); pulses (pigeon pea-Caj-
anus cajan, green gram-Vigna radiata, black
gram-Vigna mungo, gram-Cicer arietinum, SOy-
bean-Glycine max, cowpea-Vigna unguiculata,
etc.); oil seeds (groundnut- Arachis hypogaea,
mustard-Brassica juncea, B. nicra, B. napus,
sesame-Sesamum indicum, safflower-Carthamus
tinctorius, sunflower-Helianthus annuus, etc.);
root crops (sweet potato-Ipomoea batatas, tapi-
oca-Manihot esculenta, yams-Dioscorea spp.,
and taro-Colocasia esculenta, etc.); spices and
condiments (ginger-Zingiber officinale, tur-
meric-Curcuma domestica, cardamom-Elettaria
cardamomum, cinnamon-Cinnamomum zeylani-
cum, clove-Syzygium aromaticum, nut meg-
Mpyristica fragrans, chilies-Capsicum acumina-
tum, C. annuum, and black pepper-Piper
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nigrum); fruits like pineapple-Ananas comosus,
mango-Mangifera indica, banana-Musa x para-
disiaca, papaya-Carica papaya, and bread fruit-
Artocarpus altilis); other crops (cotton-Gossy-
pium herbaceum, G. arboretum, G. hirsutum,
sugarcane- Saccharum officinarum, potato-
Solanum tuberosum, abaca-Musa textilis and
several vegetables); tree crops (areca nut-Areca
catechu, cacao (Theobroma cacao, tea-Camellia
sinensis, and coffee-Coffea arabica); improved
pasture grasses include species of Brachiaria,
Dichanthium, Panicum, Setaria, Paspalum, and
Pennisetum; while improved forage legumes
include species of Stylosanthes, Desmodium,
Glycine, Pueraria, Phseolus, Leucaena, and
Macroptilium. Many trees such as species of
Populus, Eucalyptus, Moringa, Erythrina, Ficus,
Tamarindus, Gliricidia, Ceiba, and Cordia also
find the place in these systems.

In North-eastern Himalayan regions domes-
tication of large cardamom (Ammomum subula-
tum) plantations under alder (Alnus nepalensis)
and its collection from the natural forests by
indigenous Lepcha and Limbu tribes is an age-
old agroforestry practice. Besides Alnus nepal-
ensis, there are 29 other tree species, supporting
this plantation crop. Tree management practices
by farmers involve harvesting trees above 16 cm
basal diameter to assist natural regeneration of
younger tree seedlings and open canopy to reg-
ulate light at the ground. This tree management
system provides continuous supply of fodder and
fuel wood. The nitrogen fixing trees help site
improvement and better growth of cardamom.
Alder is also grown to enhance soil fertility
particularly by the tribal people for growing
maize, millet, potato, chilies, barley, vegetables,
etc. This tree is main component of coffee and
cardamom at lower and higher altitudes as a
shade tree.

In Punjab and Haryana farmers are growing
poplar (Populus deltoides) and Eucalyptus
(particularly in areas with high water table) in
rows on their cultivated fields having rice-wheat
cropping system or sugarcane. This is more
prevalent in irrigated situations.

Scattered Trees on Farmlands

The practice of growing agricultural crops under
scattered trees on farmlands is quite old and
seems to have scarcely changed for centuries. In
ancient India, trees were given more importance
than crops in tree-crop mixed cropping. Today
also the trees are found grown scattered in
agricultural fields for many uses such as shade,
fodder, fuel wood, fruit, small timber, vegeta-
bles, and medicinal uses. Some of the practices
are very extensive and highly developed. For
example, growing of Prosopis cineraria and
Ziziphus nummularia in arid areas; Dalbergia
sissoo, Acacia nilotica, and mango in Indo-
Gangetic plains; Grewia optiva, Quercus spp,
and many other tree species in the Himachal
Pradesh; Eucalyptus globulus in the southern
hills of Tamil Nadu; and Borassus flabellifer in
peninsular coastal regions. Nair and Dagar
(1991) documented a profile of numerous tree
species found growing in different agroclimatic
regions of India. There are strong convictions for
the acceptance of these trees on agricultural
fields since time immemorial. The very fact that
Khejri (Prosopis cineraria) is omnipresent in
dry regions and its occurrence is encouraged in
all the cultivated fields and village grazing
grounds. It shows that its usefulness is generally
and widely accepted by land owners who have a
strong conviction that the tree does not hinder
crop productivity in the adjoining areas. More-
over, studies conducted have shown that the soil
under P. cineraria has more organic matter, total
nitrogen, total and available phosphorus and
potassium, and micronutrients (Zn, Mn, Cu, and
Fe). Similarly Ziziphus nummularia is preferred
and is a favorite bush in arid Rajasthan.

In the foot hills of Shivaliks, Grewal (1992)
reported that growing Bhabar grass (Eulaliopsis
binata) with Eucalyptus and Acacia catechu is
highly economical system. In Indo-Gangetic
plains the farmers retain trees of Acacia nilotica,
Acacia catechu, Azadirachta indica, Butea
monosperma, Dalbergia sissoo, Gmelina arbo-
rea, Morus alba, Mangifera indica, Syzygium



10

cuminii, and Ziziphus mauritiana. Farmers in
sub-humid ferai region of Indo-Gangetic plains,
prefer Dalbergia
Mangifera indica, Morus alba, Syzyzium cumi-
nii, and Grewia nudiflora. In Bihar Dalbergia
sissoo, Litchi chinensis, and Mangifera indica
are frequently grown on fields. Farmers in
northeastern region prefer Alnus nepalensis,
Artocarpus chaplasha, and species of Bambusa,
Dendrocalamus, and fruit trees like Mangifera
indica, Emblica officinalis, and Parkia rox-
burghii. In coastal areas of peninsular India,
Borrasus flabellifer is found scattered in the
fields of groundnut, rice, and green gram. Other
most common trees found on farmers’ fields are
Moringa oleifera, Tamarindus indica, Ceiba
pentendra, Anacardium occidentale, Cocos nu-
cifera palm, and fruits like banana, custard
apple, guava, and pomegranate.

sissoo, Psidium guajava,

Trees on Farm Boundaries

Trees, which are grown in agricultural fields or
on field bunds, are also often and usually grown
on farm boundaries. In northern parts of India
particularly in Haryana and Punjab, both Euca-
lyptus and Populus are commonly grown along
field boundaries or bunds of paddy fields. Other
trees, which are found grown as boundary
plantations or live-hedge, include Acacia nilot-
ica, Dalbergia sissoo, and Prosopis juliflora.
Farmers of Sikkim grow bamboo (Dendrocal-
amus) all along irrigation channels. In coastal
areas of Andhra Pradesh, Borassus is most fre-
quent palm. In Andamans, Gliricidia sepium,
Jatropha spp, Ficus sp., Ceiba pentendra, Vitex
trifoliata, and Erythrina indica are grown fre-
quently as live-hedges. At many places succu-
lents like Agave and many cactoids are grown as
common live fence.

Many of the boundary plantations also help as
shelterbelts and wind breaks particularly in fruit
orchards. In Bihar, Dalbergia sissoo and
Wendlandia exserta are most common planta-
tions. Casuarina equisetifolia and Acacia au-
riculaeformis are extensively planted on field
bunds and along sandy coastal areas in Orissa.

J. C. Dagar et al.
Woodlots

In many parts, farmers grow trees in separate
blocks as woodlots along with agricultural fields.
Now the practice is expanding fast due to
shortage of fuel wood and demand of poles or
pulpwood in industry. For example, bamboo
poles are in great demand for orange orchards in
Nagpur area and Eucalyptus and Populus for
WIMCO Industries. Woodlots are being raised
mostly on large farms due to the increase of
labor costs and labor management, lack of irri-
gation facilities, and risk of crop investments.
Woodlots of Casuarina equesitifolia, bamboo,
Populus deltoides, Eucalyptus, red sanders
(Pterocarpus santalinus), Dalbergia
Grewia nudiflora, and many others have become
popular in many parts of the country. In recent
times, these woodlots have shrunk at a fast rate
due to increase in population pressure.

SiSS00,

Systems for Soil Conservation/
Amelioration/Reclamation

About 121 million ha of land in India is suffer-
ing from different degradation problems (NAAS
2010) including serious wind and water erosion
and salinity. The deep and narrow gullies are
best controlled by putting them to permanent
vegetation after closure to grazing. Afforestation
with suitable tree species like Acacia nilotica, A.
eburnea, Azadirachta indica, Butea monosper-
ma, Prosopis juliflora, Dalbergia sissoo, Tec-
grandis, species and
Dendrocalamus helps in stabilizing the gullies
and ravines. Other adaptable species include
grasses like Dichanthium annulatum, Bothrio-
chloa pertusa, Iseilema laxum, Cynodon dacty-
lon, Dactyloctenium aegyptium, D. sindicum,
Heteropogon contortus, Themeda quadrivalvis,
Sehima nervosum, and Cenchrus ciliaris which
will besides providing fodder will also help in
checking soil erosion. Grasses such as Vetiveria
zizanioides and Saccharum benghalensis along
with trees like Terminalia arjuna, Eucalyptus,
and Casuarina equisetifolia help in stabilizing
the coastal sand dunes.

tona of Bambusa
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Tree species such as Acacia tortilis,
A. nilotica, A. senegal, Prosopis cineraria,
P. juliflora, Azadirachta indica, Tecomella un-
dulata, Salvadora oleoides, Capparis decidua,
Cordia rothii, Albizia lebbeck, and Cassia sia-
mea are suitable for growing on sand dunes in
arid regions along with shrubs like Calligonium
polygonoides, Acacia jacquimontii, and Zizi-
phus nummularia; and grasses like Cenchrus
ciliaris, Lasiurus scindicus, and Saccharum
benghalensis. These have been found effective
in arresting drifting of soil/sand, as high as
1,450 t ha™! (Hirekerur et al. 1991). Compre-
hensive results on afforestation of the salt-
affected highly degraded soils with suitable
species have been published by Dagar and
Singh (1993), Singh et al. (1993), Tomar et al.
(2003a, b, 2010) and Dagar (2012). The salt
tolerant tree species are used for fodder, fuel
wood, timber, and shade. Tree plantation tech-
niques have been evolved for planting trees on
highly sodic soils using auger-hole technique
(Singh et al. 1993; Dagar et al. 2001a, b); on
saline soils by furrow method (Tomar et al.
1998); on calcareous degraded lands using
saline water (Tomar et al. 2003b); and on
waterlogged farmers’ fields (Ram et al. 2011).
Several species have been identified for these
situations. Tree species such as Acacia nilotica,
A. farnesiana, Parkinsonia aculeata, Prosopis
juliflora, and Tamarix articulata are the ideal
for both alkali and saline soils while Casuarina
glauca is an additional tool for saline water-
logged situations. Azadirachta indica, Salv-
adora persica, Acacia nilotica, and Prosopis
juliflora are successful plants in black cotton
saline vertisols. Salicornia bigonia, Terminalia
catappa, Pandanus spp., and Salvadora persica
(all oil yielding plants) have been assessed as
the ideal choice for planting along with sandy
coastal regions. In canal command areas where
salinity and waterlogging are created due to
seepage Eucalyptus camaldulensis, E. tereti-
cornis,Casuarina  equisetifolia, C. glauca,
Acacia nilotica, and Acacia ampleceps are
grown with success to check the seepage and
salinity.

Shelter Belts

Arid regions witness very high wind velocity
throughout the year and sand can initiate
movement of particles even at 12-14 km h™'
wind velocity. Farmers build kind of obstacles to
stop sand movements called kana bandi (e.g., in
Rajasthan) either by using pieces of small dead
wood or local vegetation to check wind velocity
within safer limits (Mathur 1995). Crotalaria
burhia, Leptadenia pyrotechnica, and Aerva
javanica are planted in 20-25 m wide rows
across the wind direction. Between the lines of
these under shrubs, grasses such as Cenchrus
ciliaris, C. setigerus, and Lasiurus scindicus are
planted on leeward side of each break. This
permanent vegetation helps accumulating sand
near them which is again spread in the field. This
also helps increased crop yields along the lines.

Trees on Rangelands

As pointed earlier Salvadora oleoides, S. persi-
ca, Capparis decidua, Tecomella undulata,
Acacia nilotica, A. leucophloea, Prosopis cin-
eraria, and now Prosopis juliflora are the most
frequent trees on common community grazing
lands in dry regions. In coastal areas, coconut is
most common tree on pasture lands. Sometimes
trees like Trema tomentosa, Moringa oleifera,
Morinda citrifolia, Gliricidia sepium, Albizia
lebbeck, Pongamia pinnata, and Ficus spp. are
grown and lopped for fodder. A cattle rearing
usually involves grazing on these pastures. An
organized form of silvopastoral system assures
10 t ha 'year™! forage biomass production (as
against 1t ha~'year™' from natural stands) at
10 year rotation in dry zones (Pathak et al. 1995)
besides assuring soil conservation, carbon
sequestration, and employment generation.
While explaining the nature of grassland
dynamics and their management Dagar and Pa-
thak (2005) have cited several examples of trees
playing crucial role in management of grazing
lands in different agroecological regions. Based
on long-term studies Rai (2012) reported the
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importance of Ailanthus excelsa, Acacia tortilis,
Acacia nilotica, Hardwickia binata, and Leuca-
ena leucocephala based silvopastoral systems
for live stock production.

Aquaforestry

Throughout the coastal regions particularly
along the Andhra coast farmers are cultivating
fish and prawn in saline water and growing
coconut and other trees on bunds of ponds.
These trees help in producing feed in the form of
litter to fishery and generating extra income to
the farmer. Now the fish culture in association of
the mangroves is also advocated which are
proved to be rich source of nutrition to the
aquatic life and breeding ground for juvenile
fish, prawn, muscles, turtles and variety of other
animals (Dagar et al. 1991; Dagar 1995, 2003).
Poultry is another adventure in some of these
regions. A well-balanced system of animal
husbandry including goat farming, poultry,
ducky, turtles, and fishes in the small ponds in
home gardens make a balanced system of high
moisture, energy, and nutrient use efficiency per
unit area The leaves of many trees such as Gli-
ricidia sepium, Leucaena leucocephala, and
Moringa oliefera have been found to serve as
fish feed when offered as pallets and improved
the productivity of fish pond. In many parts of
the country, farmers are raising forest and fruit
trees and vegetables on the dykes of fish ponds
on their farms in multi-enterprise mode and are
generating nutrition rich food for the family and
good income.

Apiculture with Trees

The coastal population has been harvesting
honey from the bees-making-hives on trees.
Apiculture is now considered a profitable pro-
fession throughout the country. Many farmers
are interested to go for this business by selecting
different kinds of plantations. Eventually, the
scopes of bee keeping are more prominent in the
agroforestry systems due to high floral diversity.

J. C. Dagar et al.

Apiculture in farming system mode is a sus-
tainable component for generating regular
income.

Improved Agroforestry Practices
and Systems in India

It has been possible to conduct a Diagnosis and
Design (D&D) exercise for existing agroforestry
practices in India, generate valuable informa-
tion, and identify important agroforestry prac-
tices from different parts of the country through
the (AICRP) on Agroforestry. The collection
and evaluation of multi-purpose trees (MPTs)
resulted in establishment of arboretum in each
coordinating center of AICRP. A collection of
184 species was made by these coordinating
centers. This was followed by identification of
important tree species for agroforestry research
for various agroclimatic conditions. Each center
was allocated two tree species for seed/germ-
plasm collection and conducting provenance
trials. A significant contribution of the project
was tree selection and improvement of species
such as Populus deltoides, Eucalyptus tereti-
cornis, Dalbergia sissoo, Azadirachta indica,
Acacia nilotica, Leucaena leucocephala, Ailan-
thus excelsa, Pongamia pinnata, and Casuarina
equisetifolia. Clonal orchards for Dalbergia
sissoo, Acacia nilotica, and Azadirachta indica
have been established. Under National Agricul-
tural Technology Project a program “Agrofor-
estry BASE”—an online database has been
developed at National Center for Agroforestry
Research (NCAF), Jhansi which is being upda-
ted periodically.

Agronomic practices such as planting meth-
ods, irrigation, filling mixture composition, fer-
tilization, spacing, and pruning schedules for
raising some of the promising MPTs in associ-
ation with annual crops have been developed
and standardized. The suitable crops and crop-
ping sequences which can be grown successfully
(without significant reduction in yield) through
agronomic manipulations and tree canopy man-
agement practices in combination with different
forest and fruit trees have been identified. Morus
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alba and Grewia optiva-based agroforestry sys-
tems for western Himalayas, Alnus nepalensis-
based system for North Eastern Hill region,
Populus deltoides-based system for Indo-Gan-
getic region, Emblica officinalis, and Prosopis
cineraria-based systems for semi-arid and arid
regions, Tectona grandis-based system for
tropical region, and Gmelina and Acacia-based
systems for humid and sub-humid regions have
been developed. Packages have also been
developed for rehabilitation of different waste-
lands through suitable agroforestry models.
The AICRP on Agroforestry initiated sys-
tematic work on biofuel research in 2003 with
major emphasis on Jatropha and Pongamia. A
network project on bamboo-based agroforestry
systems has also been initiated in 2007 at six
centers. Keeping in view the present day chal-
lenges, the project is now focusing on role of
agroforestry in meeting the environmental
challenges, value addition for creating liveli-
hood opportunities, and application of modern
tools and technologies in agroforestry research.
In recent times, substantial research inputs
have been put into alley cropping (hedge row
intercropping) system in which usually arable
crops are grown in alleys formed by hedge rows
of trees or shrubs, particularly in high rainfall
areas. The hedge rows are cut back at crop
planting time and kept pruned during the crop-
ping season to prevent shading and to reduce
competition with food crops. The hedge rows are
allowed to grow when there are no crops and
normally pruned during the season and the
pruned material is either used as mulch, fodder,
or source of nitrogen for crops. Tree species
such as Leucaena, Gliricidia, Sesbania, and
Cassia have widely tested in alley cropping
system. Short duration rainy crops such as pearl
millet and sorghum were found to be compatible
with Leucaena leucocephala and Gliricidia se-
pium. In high rainfall areas like Andamans Gli-
ricidia sepium has been found very successful
on sloping lands and forage grasses such as
hybrid napier (Pennisetum purpureum), thin
napier (Pennisetum polystachyon), Setaria an-
ceps, and legume Stylosanthes guianensis could
be grown for fodder as alley crops which in turn
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also helped in checking erosion. Other crops
such as turmeric (Curcuma domestica), ginger
(Zingiber officinale), Colocasia esculenta, etc.,
also can be grown with hedge row crops. Wider
alleys and low cutting heights were found to
give higher intercrop yields in Leucaena system
in semi-arid conditions.

Recently, farmers are adopting multi-enter-
prise farming systems to ensure perennial and
sustainable round the year income from the farm
involving many components such as fruit and
forest trees, cereal crops, vegetables, fish (if
there is pond), live stock, fodder, poultry birds,
mushroom, and bee keeping. Live stock com-
ponent is very important in this enterprise. Due
to climate aberration if some component fails
then the farmer can get some returns from
remaining components. This farming system is
most viable and remunerative.

Area Under Agroforestry in India

India has a large number of agroforestry systems
and practices of various forms and types so it is
very difficult to assess or estimate the extent of
the area under agroforestry in the country.
However, the Forest Survey of India (FSI) has
been engaged in assessing the Trees Outside
Forest (TOF) wealth of the country since 1991.
In general, trees outside forests mean the trees
available on agricultural land, along road side,
railways, canals, ponds, orchards, parks, gardens,
and homestead. These categories broadly fall
under agroforestry. From 1991 onwards, the
organization has been trying to improve the
methodology of TOF assessment which has so
far been based on field inventory methods, by
incorporating satellite data of IRS LISS III, PAN,
and fused image from these two for editing and
refinement of classified images (Rawat et al.
2004; FSI2011). At the national level, an attempt
is being made in the National Carbon Project
(NCP) to estimate the total phytomass and
carbon density for plants/trees inside and outside
the forest through a project taken up by the
Indian Space Research Organization (ISRO),
Government of India under its ISRO-Geosphere
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and Biosphere Program in the 11"™-Five-Year
Plan. Inventories of non-forest areas were also
designed to generate information at the state
level. For example, the Kerala Forest Research
Institute carried out a systematic survey using
small villages as sample unit and estimated that
the home gardens of Kerala had a total of 440
million trees equivalent to an estimated growing
stock of 134.13 million m>, of which 8.15 mil-
lion m® meet the substantial portion of the total
fuel wood requirement in the state (Singh and
Chand 2012). Similarly a systematic study was
conducted in the state of Madhya Pradesh by the
Indian Institute of Forest Management, Bhopal,
and highlighted the special distribution and
importance of TOF in relation to livelihood of
local people. In arid and semi-arid areas of less
forest cover such as Rajasthan, Haryana, Punjab,
Maharashtra, and Central India, nearly the entire
total fuel wood requirements of rural people are
met from non-forest resources like TOF.
Recently, Singh and Chand (2012) developed a
methodology and reported that in Haryana
aboveground TOF phytomass varied from 1.26 t/
ha in the scattered trees in the rural/urban area to
91.5 t/ha in the dense linear TOF along the irri-
gation canals. The total aboveground TOF phy-
tomass and carbon content was calculated as
367.04 and 107.34 t/ha, respectively. These
studies concluded that the classification of TOF
and estimation of phytomass and carbon content
in TOF can be successfully achieved through the
combined approach of Remote Sensing and GIS-
based spatial technique with the supplement of
field data.

The forest cover assessment carried out by
FSI using satellite data included all lands com-
prising area of one hectare and more, with a tree
canopy density of more than 10 %, irrespective
of their land use and ownership. The small pat-
ches of trees which are less than one hectare in
extent, such as trees in village woodlots,
homestead, urban areas, scattered trees, trees
along roads, canals, railway lines and trees in
block, and linear formation are excluded from
the forest cover due to technical limitations of
the procedures used. The contribution of such
trees/patches to overall cover is estimated
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statistically using a sampling based methodol-
ogy and is termed as tree cover. Thus, tree cover
comprises tree patches outside the recorded
forest area which are not captured by remote
sensing satellite during forest cover assessment
having area less than the minimum worth map-
ping area of one hectare. These blocks or linear
patches between 0.1 and 1.0 ha are usually
scattered trees.

Based on combined approach, the FSI has
estimated the total forest and tree cover of India to
be 78.3 million ha (including 4,662 km® man-
grove area), which is 23.81 % of geographical
area (FSI 2011). Of this, Trees Outside-Forest
consist of about 5.07 % of total forest cover, i.e.,
3.51 million ha (Mha) area. Thus, total TOF and
tree cover make 12.59 Mha (Table 1.3), which
may be considered as under agroforestry systems.
FSI (FSI 2011) has reported that 25.31 Mha area
in the country (8.2 % of the total reported geo-
graphical area of the country) is under agrofor-
estry in both irrigated and rainfed agriculture
(Table 1.4) which also includes TOF, scattered
trees on and off the agricultural fields, 2.27 Mha
area under shifting cultivation (North Eastern
Council 1997), and 2.42 Mha home gardens
(Kumar 2006).

As per this estimation, 7.0 Mha area is under
irrigated agroforestry with commercial/industrial
plantations under agrisilviculture (2.63 Mha),
fruit orchards or fruit-based cropping systems
(2.79 Mha), and trees on boundaries or bunds of
agricultural fields (1.58 Mha) through social for-
estry. About 10.6 Mha area in rainfed agriculture
is under agrisilviculture (2.4 Mha), agrihorticul-
ture or fruit trees based cropping systems
(1.86 Mha), and trees on grazing/range lands and
field boundaries (6.32 Mha). Besides this, about
3 Mha area is under tree cover due to rehabilita-
tion of salt-affected lands, mined wastelands, and
trees on common property/community lands.

Considering the importance of agroforestry in
India, the Planning Commission of India, the
apex planning body for the country, in its report
stated that there is a scope for bringing 10 Mha
irrigated and 18 Mha rainfed additional area
under agroforestry (Planning Commission 2001).
Out of this a total of about 7.73 Mha (3.80 Mha
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Table 1.3 Area under trees outside forest and tree cover (scattered trees) of India in 2011

Category

Trees outside forest 3,509
Tree cover (scattered trees) 9,084
Total 12,593

Source FSI (2011)

Table 1.4 Estimated agroforestry area in the country

Category Area (million ha)
Agroforestry in irrigated areas

Agrisilviculture 2.63
Agrihorticulture 2.79
Trees on field boundary or bunds 1.58
Sub-total (A) 7.00
Agroforestry in rainfed areas

Agrisilviculture 2.40
Agrihorticulture 1.86
Trees on field boundary/bunds 0.74
Silvo-pastoral 5.58
Sub-total (B) 10.58
Other land uses

Home gardens 2.42%
Shifting cultivation 227°
Afforestation of problem soils 2.12
Trees on community/common lands 0.92
Sub-total (C) 7.73
Total agroforestry area 25.31¢

A+B+0O)

Source NRCAF (2013)

% Kumar (2006)

® North Eastern Council (1997)
¢ FSI (2011)

irrigated and 3.93 Mha rainfed land) has been
brought under agroforestry through various
schemes during the past 10 years. There is fur-
ther scope of increasing the area under agrofor-
estry in future by another 28.0 Mha which may
include the remaining 20.27 Mha area earlier
earmarked by the Planning Commission (2001).
The major share of the land to be brought under
agroforestry will be from fallows, cultivable
fallows, pastures, groves, and rehabilitation of
problem soils. Thus, a total of 53.31 Mha area
(about 17.5 % of the total reported geographical
area-TRGA), could potentially be under agro-
forestry in the near future (NRCAF 2013),

Area (000 ha)

Percent of geographical area
1.07
2.76
3.83

Remarks

Industrial use
Fruit orchards/fruit trees based cropping systems

Social forestry, live fences, etc.

Scattered trees on fields, bunds, boundaries
Fruit orchards/plantation-based cropping systems
Social forestry, deliberate live fences, etc.

Trees on grazing/range lands

Mostly in coastal areas and North-Eastern states
Mostly in NEH States, Orissa, Andhra Pradesh
Plantations on salty soils, mine areas, etc.

On Panchayat lands, along roads, railways, etc.

making the agroforestry a major activity in India
in terms of area occupied after agriculture with
141 Mha, 46 % of the TRGA (Ministry of
Agriculture 2010), and forestry with 69.63 Mha,
22.8 % of the TRGA (FSI 2011).

Need and Scope of Agroforestry
in India

It is worth mentioning here that agroforestry
systems are probably the only means for getting
the desired tree cover in the country, especially
in states that have low forest area. Agroforestry
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is not only a technique for growing food crops in
association with woody perennials and livestock
to optimize the use of natural resources but also
a source of renewable energy resource and a
means of reducing the risk of environmental
degradation and climate change. The livelihood
security through agroforestry and its potential in
meeting basic needs viz., food, fuel, fodder, and
employment generation are well known. By
virtue of diversity of the components of the
agroforestry systems like food grains, vegetables
and fruits, and the nutritional security to the
communities could be ensured. The fodder cul-
tivation under agroforestry land use will ensure
production of milk, meat, and animal products.
Wide range of food crops, pulses, and oil seeds
can meet diverse needs of the society. Tree
domestication and the commercial processing
and marketing of tree products and services, is a
new frontier for agroforestry research and or
development. Multi-enterprise farming systems
have to go long way for bringing sustainability
and livelihood security among small and mar-
ginal stakeholders. A major role is also emerg-
ing in the domain of environmental services,
particularly the development of mechanisms to
reward the rural poor for the watershed protec-
tion, biodiversity conservation, and carbon
sequestration that they provide to the society.
Agroforestry has the greatest potential to miti-
gate climate change through adaptation. It is the
tested mechanism to tolerate diversified climate
through adaptations toward variety of climate
aberrations.

Some of the main socio-economic and envi-
ronmental outcomes/successes of agroforestry
development programs in the country have been
summarized in a separate chapter dealing with
utilization and benefits of agroforestry. The
economic analysis of more than 30 agroforestry
models practiced in different agroclimatic con-
ditions of the country reveal a high benefit: cost
ratio (1.5-3) and Internal Rate of Return
(1540 %). Thus, agroforestry has to play a
decisive role not only in supply of timber
products, thus saving the forest, but also to be
extremely effective in meeting the other
requirements including food security and
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requirements of day today life and also to miti-
gate climate change.

Agroforestry Research
and Technology Development

India has been at the forefront of agroforestry

research but still there is a long way to go.

Agroforestry research in the ICAR system and

other Indian institutes and universities has been in

progress since early 1950s. As mentioned earlier,
the ICAR launched the AICRP on agroforestry in

1983 representing all agroclimatic zones in the

country. Besides ICAR Institutes and SAUs, the

ICFRE also supports agroforestry research in

education in various parts of the country. Private

sector initiatives in agroforestry such as those by

WIMCO, Bharatia Agro-Industries Foundation

(BAIF), Indian Farms Forestry Development

Cooperative (IFFDC), and Imperial Tobacco

Company (ITC) are also worth mentioning. Some

of the important research and development out-

comes in agroforestry in India since organized
research in agroforestry began in the early 1980s
are listed below:

o Characterization of agroforestry systems in
different agroclimatic zones of the country:
By developing a D&D approach and using
them for survey, a bench mark information
base for major agroforestry systems has been
prepared.

e Collection and evaluation of multipurpose
tree species: Creation of arboretums in dif-
ferent agroclimatic zones.

o Tree selection and improvement:. Tree spe-
cies on which tree improvement has focused
include poplar (Populus deltoides), shisham
(Dalbergia  sissoo), neem (Azadirechta
indica), semal (Bombax ceiba), subabul
(Leucaena leucocephala), and species of
Casuarina and Eucalyptus.

e Identification of preferred agroforestry tree
species for different agroclimatic regions.

e Management practices for different agrofor-
estry systems; Packages of practices have been
standardized and their efficacies and economic
returns (B:C ratios) worked out to show the
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usefulness of the systems under specified
agroecological and socio-economic settings.

e Development of site-specific agroforestry
technologies: Tree species must suited for
rehabilitating problem areas such as degraded
lands including salt—affected, waterlogged,
and eroded lands, have been identified and
management technologies for each developed.

e Design and testing of multi-enterprise farming
system models for different agroclimatic sit-
uations for livelihood security of small and
marginal farmers.

e Identification and development of climate
resilient agroforestry systems involving
diversified cropping systems and livestock
population directly on farmers’ fields.

The major thrust area on which agroforestry
has focused today in India includes:

— Increased production of wood resources to
meet the growing needs of households and
industries.

— Environmental amelioration through the
C-sequestration, bioremediation, and resource
conservation.

— Enhancement of livelihood and employment
avenues.

— Promotion of agroforestry adoption through
developing decision support systems and
other appropriate means.

— Exploration of new and under exploited spe-
cies of high economic value, such as medici-
nal, aromatic, oil-yielding, etc.

— Testing and evaluation of marine algae or
seaweeds for food, medicine and green man-
ure in identified agroforestry systems.

— Rehabilitation of degraded salt-affected areas
using good quality forages, MPTs, plantation
crops, and plants of industrial application with
due attention to quality assessment of the
products obtained from the saline habitats.

— Development of halophytic crops involving
fish, shrimp culture, and poultry with agro-
forestry systems, genetic improvement of salt-
tolerant plants, raising nursery with saline
water, and multiplication and conservation of
useful genetic material.
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— Development of sustainable and remunerative
multi-enterprise farming systems for marginal
and small farmers of different agroclimatic
regions working under different stresses,
through value addition and policy initiatives.

— Promotion of agroforestry-based industries.

— Transfer of technology transfer.

— Capacity building/human
development.

— Support and linkages among national and
international collaborative research programs.

resource

Based on three decades of experience with
agroforestry research and development we have
also identified major constraints to the promo-
tion of agroforestry in India which include:

e Lack of an enabling Agroforestry Policy.

e Long gestation periods of tree species.

e Lack of high yielding genetic planting mate-
rial and silvicultural practices for indigenous
tree species.

e Lack of access to credit against agroforestry
plantations.

e Absence of marketing institutions.

e Absence of any organized agroforestry
extension service.

e Restrictions in harvesting of some timber
trees; the cumbersome procedures involved in
getting permission for harvesting trees on
private lands.

In this publication, the various chapters are
compiled in such a way that a clear picture of
various agroforestry systems found in different
agroecological regions is presented. The regio-
nal system descriptions in the chapters present
both little studied traditional practices as well as
improved systems. Some systems are present
across a number of climatic regions; for example
salt-affected and waterlogged areas are present
in all agroecological regions but the problems
are of different nature in different regions. To
deal with such cases, a separate chapter is
included to present agroforestry approaches to
dealing with salinity problems. Similarly, other
problematic areas such as mines and ravine
lands covered in separate chapter. Most of the
degraded lands including salt-affected and
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waterlogged areas can be brought under vege-
tation through agroforetsry practices which
control erosion, reduce runoff, improve in situ
soil-moisture conservation, increase water-table,
and also improve productivity and profitability.
Agroforestry systems that provide excellent
opportunities for carbon sequestration are a
valuable climate change mitigation strategy,
which needs to be incorporated into major policy
documents. Concerted efforts are required to
identify practical and cost-effective means
through changes in land use practices using
agroforestry as an option. These issues are dis-
cussed in a separate chapter on policy initiatives.
Finally a synthesis chapter highlights the impor-
tant initiatives taken at the level of researchers and
policy makers, constraints faced, and directions
for future efforts in agroforestry research.

This publication may prove quite useful for
different stakeholders interested in agroforestry
at global level in general and at country level in
particular.
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