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BNRI-106 HORTICULTUREAND
AGROFORESTRY SYSTEMS

Agroforestryisanancient traditiond practiceof theintegration of farmingwith forestry
practicesonthefarmtothebenefit of farmers. Agroforestry isacombined productive-
protectiveland use system whichin addition to providing food, wood, fodder and
many other tree based products, also conserves land resources. Planning of
agroforestry isessentid to manage compatible speciesfor maximizingther postive
interactionsand minimizing the negetiveinteractions. Itisof paramount importance
to document existing traditiona agroforestry practi ces/systemsbased on existing
toolsand methodologies.

Establishment of an orchard requireshighleve of expertiseand planningto redlize
the benefitsof acons derableinvestment. Nursery playsanimportant rolein growing
qudity plantsand seedlings of fruits, vegetablesand forestry- plantsunder controlled
and optimum conditions. A number of environment, handling and management
parametersinfluencethe production of quality plantsand seedlings.

Vegetablesandfruitsareessentid for providing ba anced diet for good human hedth.
In order to meet the growing demand and supplement theincome, the areaunder
fruitsand vegetabl esisincreasing. Adoption of organic practicesand thevaueaddition
by post harvest processing and preservationwill go along way in boosting income
and providing reliable products asand when required. Latest technol ogies/ practices
and high yielding varieties of fruitsand vegetablesneed to be adopted to redlize
their full potentid.

Cost-effective and environmental ly safe strategies are absol utely essential for the
useof pesticides/insecticidesfor effective control and management of insects/pests
and diseases.

Trangportation, grading, refrigeration, packaging, labeling and other marketing
techniquesare of crucia importanceto producers, marketers and consumers of
fresh produce. Marketing of fresh produce playsan important rolein growth of this
industry and agriculturd sustainahility. Inthechanged scenario, medicind and arométic
plants have an important roleto play to prevent/cure disease and maintain health
whereas aromatic plants are used for aromaand flavour. Plants and plant based
productshave been used traditionaly in Indiafromthetimeimmemorid.



BLOCK 1 AGROFORESTRY SYSTEMS

Agroforestry isanancient traditiona practicewhichreferstotheintegration of farming
withforestry practicesonthefarmto thebenefit of farmers. Agri-silviculturd plantation
isamgor agroforestry system which haspotentia of making significant contribution
to agricultural development and land management. Agroforestry isnow used asa
multiple production agricultural systeminstead of being merely the subsidiary of
forestry. Agroforestry isthusacombined productive-protectiveland use system
which providesfood, wood, fodder and many other tree based productsand at the
sametime conserves|and resources.

Planning of agroforesry isof crucia importancein order to bring compatible species
together and managethem for maximizingthe r positiveinteractionsand minimizing
thenegativeinteractions. Fertility of |and and moisture statusfor crop growth also
need to be considered in planning an agroforestry system. Agroforestry hastwo
main objectives. productivity involving large number of outputsand sustainability
(whichimpliesconservation, or evenimprovement, of theenvironmenta aspectsof
thesystem).

Most of theagroforestry systemsdeal with only afew agroforestry practices. Itis
absolutely necessary to be familiar with the agroforestry approaches
related to practical aspects. Existing or traditional agroforestry practices/systems
evolved under site specific conditions need to be documented based on existing
toolsand methodol ogies.

Unit 1 dea swith objectives, importance, concepts, and potentia sof agroforestry
and distinction between term agroforestry “system” and “practice”’. Various
agroforestry systemsand practicesand benefitsof agroforestry asaland management
unit areal so dedt with.

Unit 2 coversmanagement aspects of agroforestry inrelation totree, intercrop and
livestock management. Environmental and economic benefits emanating from
agroforestry and extens on aspectsof agroforestry area so discussed inthe unit.

Unit 3 dealswithdiagnosisand design (D & D) exercise and PRA methodsfor
choice of speciesand needsand conduct field exercise. Survey of multipurposetree
species, indigenoustraditiona knowledge of agroforestry systems, shelterbeltsand
aquaforestry and conceptsof natural resource survey and economic consideration
areaso coveredintheunit.
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1.0 OBJECTIVES

After studying this unit, you should be able to:

e define agroforestry and its objectives;

e explain importance, concepts and potentials of agroforestry;

e distinguish between term agroforestry “system” and “ practice’;
e  describe various agroforestry systems and practices; and

e outline benefits of agroforestry as aland management unit.

11 INTRODUCTION

Theterm “agroforestry” refersto the integration of farming with forestry practices
on the farm for the benefit of farmers. In fact, cultivating treesin association with
agriculture cropsis an ancient practice that farmers have used throughout the
world. There are numerous examples of traditional land use practicesinvolving
combined production of trees and arable crops on the same piece of land in many
parts of the world, what is now known as ‘ agroforestry’ in general. Establishing
agri-silvicultural plantations has now become an important objective of forestry
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plantation, which is now considered amajor agroforestry system. The history of
agri-slvicultuera plantation dates back to 1806 when plantation of teak (Tectona
grandis) was established in Myanmar (Burma) using amethod called ‘ taungya .
Taungya system was intended to establish forest plantations using landless labourers
and in return for performing forestry tasks, the labourers were to be allowed to
cultivate land between rows of tree seedlings to grow agricultural produce for a
few years. The practice became increasingly widespread. It was introduced in
South Africa as early as 1887 and taken to Chittagong and Bengal areas in
colonia Indiain 1890. The foresters working on such a system never imagined
the system as being capable of making significant contribution to agricultural
development, or its potential as aland management system.

Deteriorating food situation in many areas of developing world, the energy crisis
of 1970s and consequent shortage of fertilizers, the re-assessment of developing
policies by World Bank and areawakening of scientific interest in both intercropping
and farming systems contributed to the general acceptance of agroforestry as a
system of land management applicable to both the farm and the forest. Redlizing
the potentia benefits of agroforestry in enhancing agricultura production and tree
produce, International Council for Research in Agroforestry (ICRAF) was
established at Nairobi, Kenya in 1977 renamed in 1991 as the International
Centre for Research in Agroforestry. It is now known as World Agroforestry
Centre with basic mandate to support, plan and co-ordinate research and
developmentd activities combining the land management system of agriculture and
forestry, on aworld wide basis.

Today, agroforestry is being used as a multiple production agricultural system
instead of being merely the subsidiary of forestry. Moreover, the potential of
agroforestry for soil improvement and conservation is now well accepted.
Agroforestry is thus a combined productive-protective land use system, which is
capable of yielding food, wood, fodder and many other tree based products and
at the same time conserves land resources.

In the next unit, management aspects of agroforestry in relation to tree, intercrop
and livestock management, environmenta and economic benefits emanating from
agroforestry and extension aspects of agroforestry will be covered.

1.2 WHAT ISAGROFORESTRY?

In avery simpleterm, agrofrestry is an art and science of growing woody and
non-woody plants together on the same unit of land for a range of benefits.
However, many definitions of agroforestry were proposed at different times.

1.2.1 Some Important Definitions of Agroforestry

a) Agroforestry refersto those land use practices in which woody perennial
(trees, shrubs, vines, bamboos, pams, etc.) are grown in combination with
agricultural crops or pastures, sometime with livestock and other animals
(e.g., insects such as bees, fish) and in which there are both ecologica and
economic interactions between woody plants and other components.

b) Agroforestry land use isthe deliberate interaction of woody and non-woody
plant components (sometimes with animals) in order to generate multiple
products and services.



c) Agroforestry may be defined as an efficient and integrated land use
management system by raising certain agricultural crops, forest tree species
and/or animas simultaneousy and sequentially on the same unit of land to
increase overall production under a particular set of climatic and edaphic
conditions and socio-economic status of local people.

Above definitions were later refined through “in-house’ discussion a World
Agroforestry Centre and following definition of agroforestry was suggested:

d) Agroforestry is collective namefor land use systems and technologies where
woody perennials are deliberately used on same land-management units as
agricultural crops and/or animals in same form of spatial arrangement or
tempora sequence.

Asnow you arefamiliar with the term agroforestry and its definition, we will now
discussin brief the aims of agroforestry.

1.2.2 Aims of Agroforestry
Agroforestry ams at achieving the following:
e manageland efficiently so that its productivity isincreased and restored,

use available resources efficiently and economicaly;
e generate employment opportunitiesfor rura poor;

e provideraw material for developing cottage industriesin rural areas
(raw materiad namely, wood, pulp, fiber, medicina herbs, gum, wax,
resins, lac, tannins, dye, oil and oil cakes, etc.); and

e  providebasic needs of smdl and margind farmersfor food, feed, fodder,
fruits, fire wood, small timber, etc.

Besides the above, agroforestry practices have immense potential for soil
improvement and conservation. Agroforestry istruly asustainable land use system,
as Production + Resource Conservation = Sustainability. Agroforestry not only
enhances overall productivity of land but conserves and improves soil resource,
the most important natural resource as well.

1.3 BASIC CONCEPTS OF AGROFORESTRY

Agroforestry systems represent an interface between agriculture and forestry and
encompass mixed land use practices. These practices have been developed
primarily in response to specia needs and conditions, especially of tropical
developing countries that have not been satisfactorily addressed by advancesin
conventional agriculture and forestry. The most common concept of various
agroforestry systems dealswith “the purposeful growing or deliberate retention of
trees with crops and/or animals in interacting combinations for multiple products
or benefits from same land management unit”. Thisisthe essence of agroforestry.
Conceptualy, following three attributes are normally possessed by al agroforestry
land use systems (Nair, 1993):

e Productivity: Agroforestry aims at maintaining or increasing production as
well as productivity of land which can be improved by increased output of
tree products; improved yield of companion arable crops and/or grasses;
reduction in inputs like fertilizers, pesticides, etc. and increased labour
effidency.

Agroforestry Systems
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Sustainability: By conserving production potentia of resource base, mainly
through beneficial effects of woody perennials on soils, agroforestry can
achieve and maintain conservation and fertility gods.

Acceptability: Thefact that agroforestry isarelatively new word for some
old set of practices means that, in some cases, agroforestry has dready been
accepted by farming community. However, the word * acceptability” means
that improved or new agroforestry technologies introduced to new areas
should aso conform to local farming practices.

Above attributes are characteristics of al kinds of agroforestry which form the
basis of evauation of various agroforestry systems.

Check Your Progress 1

Note: @  Use the space below for your answers.

1)

2)

b) Compare your answers with those given at the end of unit.

Indicate if the following statements are true or false by putting atick marks
(v") in relevant box.

True False
(@ Cultivation of treesin association with

agricultural cropsisavery recent process. O O
(b) ‘Taungya system of agri-slviculturefirst

started in Myanmar (Burma). O O
(¢ ICRAF isnow named as World

Agroforestry Centre. O O
(d) Agroforestry is multiple production forestry. O O

() Agroforestry land useisthe deliberate
interaction of woody and non-woody plant

components. l O
(f) Sustainability = Resource depletion + Production. [ O
(9 Productivity, sustainability and acceptability

are conceptual attributes of agroforestry. O O

Fill in the blanks with appropriate word (S).

(& Agroforestry is aland management system that is applicable to both

farmand ...

(b) Agroforestry is art and ........cccceveeereenee of growing woody and
.......................... plants together in same unit of land.

(c) Agroforestry hasimmense potential for Soil .......ccccceveeevicccriennnnee and
conservation.

(d) Conceptually, agroforestry isan .......ccceeeecevevcerceniennnns combination

of treeswith crops and/or animals for multiple products or benefitsfrom
same land management unit.




1.4 IMPORTANCE AND SCOPE OF
AGROFORESTRY

The practice of agroforestry is of immense importancein Indiain order to increase
food production to meet the needs of our growing population, conserve natural
resources such as soil and water and sustain rainfed agriculture. Nearly two-third
geographica areaof the country comprisesof arid, semi-arid and dry sub-humid
regions depending on rains. Properly distributed trees promote agriculturd activities
particularly in these areas. Tree growth in such cases conserves soil moisture,
increases soil fertility, protects field crops against effects of winds and improves
micro-climate conducive for plant growth leading to enhanced crop productivity
and higher returns. Major components of Agroforestry System are shown in
Fig.11.

Components —» Woody Plants ~ Grass Lands/Animal Agricultural Crops
(Pastures)

Silvi-pastoral systems

Sm—eaAwn=<wm

Agri-silvi-pastoral systems

Agri-silvicultural systems
Fig.1.1: Major Agroforestry Systems

In addition to ameliorating adverse climatic conditions, tree culture ensures readily
available and adequate supply of cheap fud/fire wood in villages. It enables cow
dung whichis till burnt on large scale (about 60 per cent) to be diverted for its
use asfarmyard manure, arich organic source of essential e ements. Besides, fuel
wood trees, fruits and/or timber yielding trees not only enrich the diet of rura
population but aso meet demand of farmers and smdl scae industries for timber.

The integration of fodder trees in agroforestry also provides much needed top
feed (treeleaf fodder) for sustenance of livestock during lean periods. Agroforestry
isthus a versatile multiple cropping system providing alarge number of products
from the same land management unit and also conserving soil from erosion and
restoring itsfertility.

By now you may be aware of the importance of agroforestry. In the ensuing
discussion, we will elaborate the potential and scope of agroforestry.

1.4.1 Agroforestry Maximizes Production

Agroforestry practices have led to 20 per cent increase in the production as
compared to only agricultural cropping in Punjab, Haryana and Western Uttar
Pradesh. Growing Eucalyptus and Poplar trees on farm bunds in these regions,
total production (wood + food grain) has increased considerably giving more
returns to farmers.

In India 160 million hectare land is characterized as wastelands and wherever
possible, only dry land agricultureis practiced. In such an agricultural scenario,
incorporation of multipurpose treesin crop fields can produce 4.5 tonnes nutritious

Agroforestry Systems
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leaf fodder per hectare per year and 6-8 tonnes per hectare fire wood during
every four years period in addition to food grains.

1.4.2 Agroforestry for Timber Production

Agroforestry practicesin irrigated areas in Punjab, Haryana, Uttar Pradesh, Gujarat
and few south Indian states have yielded about 2.5 cubic meter timber per
hectare in addition to food grain production. In rainfed areas, however, plantation
of timber on farm bunds yields just half of thisamount of timber (= 1.25 cubic
meter) as compared to irrigated areas.

1.4.3 Agroforestry for Increasing Income

Agroforestry provides severa optionsto the farmers. As per their needs, farmers
can select fudl or fodder or fruit trees and as well as grass speciesfor forage. To
work out the potentia of agroforestry in rainfed situation, Aga Khan Foundation
conducted astudy in Matsan village of Gujarat conddering factors such asfulfillment
of basic needs, per capitaincome and ratio between income and expenditure
revealed that afarmer with land holding of 2 hectare could fulfill his’her 79 per
cent requirement through sole agriculture in norma climatic conditions. However,
in case of partial drought situation, only 40 per cent requirement can be met as
besides food grain and fodder scarcity, severd other household requirements are
aso affected. The adoption of agroforestry by the same farmer, 18 per cent return
on the expenditure for procuring farm inputs, even under partial drought or low
rainfall conditions could be expected. Agroforestry isthus more remunerative than
the sole agriculture.

144 Agroforestry and Industry

There are 1600 woody species in our country, of which 200 are of industrial
importance. Teak (Tectoma grandis), Shisam (Dalbergia sisso), Sal (Shorea
rolzusta), Dhawda (Anagbisus latifolia), Sandal (Santarum album), Kher
(Acacia catechu), Semal (Salmelia malcbarica), Neem (Azadirachta indica),
Babool (Acacia species), Tun (Cedlrala toona), Anjan (Hardwicria binata),
various species of Eucalyptus and Acacia, etc. are few important species from
industria point of view. Following industries utilize agroforestry trees and their
produce:

e Woody industry: Wood as furniture, construction material, handicraft,
etc.;

e  Paper industry: Wood pulp (Eucayptus, Poplar, etc.);

e Matchindustry: Soft wood for match sticks (Semal, etc.);

e Herba medicineindustry: A range of herbal products;

e Pattal industry: Bio-degradable, use and throw plates;

e Lather industry: For colouring leather (tannery);

e Silkindustry: For housing and feeding silkworm (Oak, mulberry);
e Lacindustry: For housing and feeding lac insect (Oak); and

e Katha (Catechu) industry: Katha from Acacia catechu wood.



1.45 Environmental Benefits
Agroforestry can achieve the following with regard to environment.
Through Soil Process
e Control soil erosion;
e Maintain soil organic matter and hence soil fertility;
e Add substantial amount of nitrogen through nitrogen fixing trees,
e  Capture minera nutrients from deeper soil layer and recycleto top solil;
¢ Reduce soil acidity (through leef litter);
e Reclam degraded soil;

e Improvesoil biologicd activity and nitrogen minerdization through shede;
and

e  Enhance mycorrhiza association through tree-crop mixtures.
Through Bio-physical I nteractions

e Improvethe capture of rainfal and mineral nutrients; and

e Improvethelight, water and nutrient use efficiency of plants.
Other Environmental Benefits

e Nitrogen fixing trees have more nodules when in close contact with
non-nitrogen fixers (like crops, grasses, etc.); and

e Treesprovide beneficial shelter to associated crops.

Thus, agroforestry aims at introducing woody plantsto farmers' land in order to
increase its overall production and improve processes such as nutrient retention
and recycling within the system, build up soil fertility over timeto help prevent soil
loss leading to crop yield decline and so on. More over, treesin crop lands also
lead to better utilization of most important environmenta resourcesi.e., light and
water. Agroforestry has immense potential for production of multitudes of
commaodities, which in turn have direct positive impact on farmers’ income, and
consequent economic and livelihood security.

Check Your Progress 2
Note: a Use the space below for your answers.
b) Compare your answers with those given at the end of unit.

1) Fill inthe blanks with appropriate word (s)

b) InPunjab, Haryana and Western Uttar Pradesh, agroforestry increased

overal farm production to the tune of ................ per cent over sole
agriculture.

c) Eucayptus and Poplar .................... is used for making .............. in
paper industry.

Agroforestry Systems
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d) o wood is used for making Kattha.

€ Inindia.....ccovrniniininns million hectare land is characterized as
wasteland.

2) Indicateif thefollowing statements are true or fal se by putting atick marks
(v") in relevant box.

True False

a) Inagroforestry practices, trees on farm
lands decrease soil fertility. O O

b) Agroforestry practices can minimize the
use of cow dung as cooking and heating fuel. O O

c) Agroforestry iscapable of maximizing farm

production. O O
d) Agroforestry has only production value. O O
e) Soft wood of Semal (Salmelia malabarica) is
used to produce match sticks. O O
f)  Agroforestry increases soil acidity through
incorporation of leef litter on the crop fields. O O
g Treesprovide beneficid shelter to associated
Ccrops. O O
3) Ligt two benefits of agroforestry dueto occurrence of bio-physicd interactions
in agroforestry practices.
) SRS
o) USSP

1.5 AGROFORESTRY SYSTEMSAND
PRACTICES

Theword “ agroforestry systems’ and “practices’ are often used synonymously in
agroforestry literature. Though it is true to some extent, however, some distinction
can aways be made between words “system” and “practices’. An agroforestry
system is a specific local practice of agroforestry, which is generally wide
spread and characterized by environment, plant species and their
arrangement, management and socio-economic functioning. For example,
Prosopis cineraria (locally known as ‘khejari’) based agroforestry system of
western part of Rajasthan is spread in 60per cent of the total area (19.6 million
hectare) of western Rgjasthan.

An “agroforestry practice” is a distinctive arrangement of componentsin time
and space. Although hundreds of agroforestry systems have been recorded, they
al consist of afew agroforestry practices. In other words, similar practices are
found in various agroforestry systems in different situation.



15.1 Classification of Agroforestry Systems

Thereisno universally accepted approach for classifying agroforestry systems.
Generdly, four criteriaare used for classification of agroforestry systems.

e  Structure of the system (nature and arrangement of components).
e Function of the system (role and output of components).

e Agro-ecologicd zone based classfication (the areawhere system exists
or is adoptable).

e Socio-economic criteria (socio-economic scaes and management levels
of the system).

Each of these criteriahas merits and gpplicability aswdl aslimitationsin a specific
situation. Since there are only three basic sets components (woody perennials,
herbaceous plants and animals) that are managed by farmersin all agroforestry
system, it would be logical to classify agroforestry systems on the basis of nature
of components. In generd, agri-slvicultura system, silvi-pastord system and agrri-
slvi-pastoral system are three major forms of agroforestry systems. Under these
systems, various forms of agroforestry practices are categorized.

15.2 Agroforestry Practices

Agricultura crops and trees are the components of agri-slvicultura systems. Here
agricultural crops refer not only to arable crops but they also include shrubs,
vines, fruit trees, etc. The major practices under the system are as under:

Multipurpose Tree Species (MPTs) on Croplands. Generaly, trees are
scattered irregularly on the crop lands, however, they are aso found distributed
according to some systematic pattern on field bunds, terraces and on field
boundaries. Scattered trees of Prosopis cineraria (khegeri) on agricultura fields
in Western Rajasthan, Acacia nilotica in Bundelkand region of Uttar Pradesh
and northern part of Madhya Pradesh, and various fruit trees on terrace boundaries
in Uttarakhand and Himacha Pradesh are some typica examples of this practice
commonly known as agri-silviculture practice. However, when agricultura crops
are grown with fruit trees, the practice is generally referred to as agri-horticultural
practice.

Improved Fallows. Thefieldswhere agricultura crops are grown are sometimes
left fallow for afew years. During the fallow phase, woody species are planted
and allowed to grow. Thistype of practice, pre-dominant in north-eastern states
iscommonly found in shifting cultivation areas. Shifting cultivation isaform of land
use practice wherein forests are cleared and the land is used to grow agricultural
crops. After afew years of cropping, the land is left fallow where trees are
planted and allowed to grow. The farmers move from this areato anew areafor
repeating the process. The shifting cultivation in north-eastern region of Indiais
aso known as “ Jhum cultivation”.

Taungiya: It isacombined stand of woody and agricultural crops, during early
stage of tree plantation establishment.

Farm Boundary Plantations. In mgority of agricultural landscgpesin the country,
farmers plant and maintain some MPTs on the boundaries of their crop fields.
Such atype of tree plantation is categorized under agri-silvicultura system which

Agroforestry Systems
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generaly does not have any systematic pattern and farmers primarily maintain
treesfor protection of their crop land. However, in Tarai belt of Uttarakhand and
Uttar Pradesh, Western Uttar Pradesh, Punjab and Haryana, farmersintensively
grow Poplars and Eucalyptus on farm boundaries in systematic pattern for
commercid purpose.

Home Gardens Home gardens are  so categorized under agri-silvicultura system
and are very common in countries of south-east Asiaand Keralastatein India.
Their evolution liesin multistory stand structure of Tropical Rain Forests and
therefore, they are found in the areas where Tropical Rain Forests are distributed.
Tropicd rain forests are very dense and highly diverse vegetation formation with
multistrata tree canopies. Home gardens or home steads constitute intimate
combination of variousfruit trees, woody and non-woody vines, agricultura crops,
etc. In Kerala state, home gardens, generally consist of coconut trees, cashew
trees, black piper vines, other economically important woody species and
agricultura crops, especially rice in same unit of land around residentia units of
one-fourth or even less than an acre area

Shelterbelts and Wind Breaks: Shelterbelts are rows of trees around farm
boundaries, which are primarily meant for protection of crops from high speed
winds. Shelterbelts generally consist of threeto five rows of trees. In both the
cases, central rows consist of fast growing trees and side rows of small trees. On
maturity, shelterbelts become pyramidal in shape, and are very effective in
minimizing wind erosion particularly in arid and semi-arid areas. Wind bresks are
also meant for the same purpose but they do not have any systematic plantation
like shelterbelt. Only one row of trees around farms can be considered as wind
break.

Above mentioned practices are important practices under agri-silviculturd system.
In ensuing discussion, we will learn about following three important practices
under silvi-pastord systems.

Treeson Grasdandsor Pastures: The practice is generaly referred to as silvi-
pastora practice. In this practice, trees especially those yielding leaf fodder are
generdly scattered on grass land (range lands) or pastures. Village Gauchars are
typicd silvi-pastures, which are found in one form or other in entire rura areas
of our country. They are common property resource (CPR) of villagers. In arid
Western Rajasthan, they are abundantly distributed. Animals are important
components of slvi-pagtord practice, asit ismeant for their grazing and/or browsing.
In systematic silvi-pastoral practices, grasses are grown between rows of MPTS,
sometimes between rows of fruit trees also (when grasses are grown in association
with fruit trees, the practice is dso referred to as horti-pastoral practice, but
essentialy it isapart of silvi-pastoral system). For example, grasses between
mango rows of treesin Uttar Pradesh, grasses in association with scattered trees
of Ber (Ziziphus sp.) in Rgjasthan.

Protein Banks. Production of protein-rich tree fodder on farm/grass lands (range
lands) for cut- and- carry purpose.

Plantation Cropswith Pastures and Animals: When livestock is reared under
plantation crops (e.g., coconut, cashew, oil palm, etc.) and grasses, the practice
isaso referred to as silvi-pastoral, For example, cattle under coconut in South-
East Asaand Sri Lanka In such plantations, some grasses are also grown in thelr
association.



Thethird main system isagri-slvi-pastoral system which includes agricultural
crops, MPTs, grasses and/or animals as its components. Following mgor practices
are covered under this system.

Home Gar dens I nvolving Animals. When animals are reared in home gardens,
the practiceis congdered under agri-glvi-pastord sysem. This practiceis common
in Kerala, Andaman and Nicobar islands and in some/parts of costal Andhra
Pradesh and Tamil Nadu.

Agricultural Landswith Fuel and Fodder Trees: When, fudl and fodder trees
are grown on crop lands, it constitutes an agri-silvi-pastora practice. Animasare
involved at some point in the practice. This, practice though not very intensive is
prevaent throughout the country in one form or the other.

Aqua-forestry: When trees are grown around fish ponds and tree leaves used
as ‘forage’ for fishes, the practice is considered as a part of agri-silvi-pastoral
system, asfish are ultimatdly used for human consumption. Thus, fish is considered
afood commodity, tree leaves as afodder, and small branches and twigs of trees
formsfuel for cooking. These practices though not very common are sometimes
found in low lands.

Apiculturewith Trees: When trees are used for honey production, the practice
is aso grouped under agri-silvi-pastoral system. Besides, other components may
be present in the practice, for example, crop lands or fruit orchards with other
MPTs and honeybees (considered here as animd for producing food commodity
‘honey’ like cattle for ‘milk’).

Check Your Progress 3

Note: @ Use the space below for your answers.
b) Compare your answers with those given at the end of unit.

1) List three mgjor systems of agroforestry.

) [T
o) SO
(0] SRR
2) Fill in the gaps with appropriate word (S):
a An Agroforestry system is a SPeCifiC ......ccevvevvreenene agroforestry
practice characterized by................... ) eeereeeee e and their

arrangement, management and soci o-economic functioning.

b) Itismostlogica to discussagroforestry practices on the basis of nature
(o] :

c) ‘Taungiya isan agroforestry practice categorized under .........ccccoveerenene.

system.
d) ‘Gauchars aretheexampleof typica .........ccceeneee system.
€) Aquaforestry practiceis categorized under .................... system.

f)  Farm boundary plantations are categorized under ...........ccccecvevevnenene
system.

Agroforestry Systems
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3)

Indicate if the following statements are true or false by putting atick marks
(V) inrelevant box.

True False
a) Prospiscineraria (khejeri) based agroforestry
systems are found in western Ragjasthan. O O
b) Multipurpose trees on croplands are example
of slvi-pastord practice. O l
c) ‘Homegardens isaagri-silvicultura practice. O O

d) Fruit trees+ agricultural cropsin same unit of
land arereferred to as agri-horticultural practice. [ O

e) Agquaforestry meansirrigating agricultura
crops with local water resources like ponds,

wdlls, etc. O O
f) Treeson grasslands or pasture are generally
referred to as silvi-pastoral system/practice. O l

g Thepractice of growing agricultural species

with grass speciesis known as

agri-silvi-pastora practice. O O
h) One of the mgor objectives of

agroforestry is optimizing production

from same unit of land. O O

1.6 LET USSUM UP

Agricultural practices combining agricultural crops, trees, animals, etc. in
same land management unit strive to upgrade environmental hospitability for
plantsand animasin order to enhance production and conserve land resources.
Agroforestry coversthose land use practices in which woody perennid (trees,
shrubs, vines, bamboos, pams, eic.) are grown in combination with agricultura
crops or pastures, sometime with livestock and other animals (e.g., insects
such as bees, fish) and in which there are both ecological and economic
interactions between woody plants and other components.

Agroforestry is asustainable land use system which aims at managing land
efficiently for enhancing and restoration of productivity to meet the needs of
our growing popul ation and conserving natura resources particularly inrainfed
regions.

Enhancing productivity, sustainability of conservation and land fertility and
acceptability by the farming community are three main atributes of agroforedtry.
Agroforestry isaversatile multiple cropping system providing alarge number
of products such as cheap fue/fire wood, fruits and timber, fodder etc. from
the same land management unit and & so conserving soil from erosion and
restoring itsfertility.

Agricultura crops which include arable crops, shrubs, vines, fruit trees, etc.
and trees are the components of agri-slviculturd sysems. The mgjor practices
under the system include multi purpose tree species (MPTSs) on croplands,
improved fallows, Taungiya, farm boundary plantations, home gardens,



shelterbelts and wind breaks. Treesin grassands or pastures, protein banks
and plantation crops with pastures and animals are the main practices under

slvi-pastora system.

e Home Gardensinvolving animals, agricultural lands with fuel and fodder
trees, aqua-forestry and apiculture with trees are the important activities of
agri-slvi-pastora system whaose components include agricultura crops, MPTS,

grasses and/or animals.

1.7 KEYWORDS

Agricultural Crops

Agri-slvicultural System

Agri-silvi-pastoral System

Agroforestry

Agroforestry Practices

Agroforestry System

Crop Lands

Edaphic

Landuse

MPTs

Common food grain crops, like wheet, rice,
maize, pulses, oil seeds (soyabean, mustard,
sunflower, etc.), vegetables, etc.

A kind of agroforestry system, in which
primarily woody component (MPTs) are
grown in association with agricultura crops.

This is most diverse kind of agroforestry
system, which has agricultura crops, MPTs,
grasses, and/or animals as its component.

In very simple term agroforestry is an art
and science of growing woody and non-
woody plants together on the same land unit
for arange of benefits.

Agroforestry practice can be defined as
distractive arrangements of various
components (like, trees, agricultural crops,
grasses animals, etc.) in time and space.

It can be defined a specific local practice of
agroforestry, which is generdly wide spread
and characterized by environment, plant
species and their arrangement, management
and socio-economic functioning.

Agricultural fields in which food grain,
vegetable, oil seed, etc. are grown.

Soil related: describes the effect of soil
characteristics, especially chemical or
physical properties, on plants and animals.

The term simply denotes the purpose for
which land as being utilized. For example,
land under forest cover is forest landuse,
land under food grain crops in agricultura
landuse, land which is used for residentia
purpose, roads, etc. will come under that
particular landuse, etc.

Multipurpose Tree Species.

Agroforestry Systems
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Mycorrhizal Association : Thefungus colonizes the host plants roots
ether intracellularly or extrace luarly.

Silvi-pastoral System : A kind of agroforestry system, which has
grass lands or pastures, woody species
(MPTs) and/or animal s as its component.

Woody Perennials : Normally multipurpose tree species, which
haslife span of severa years (Perrenids =
plant species having life span three or more
than three years).
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1.9 MODEL ANSWERSTO CHECK YOUR
PROGRESS

Check Your Progress 1

1) (@) Fase (b) True (c) True; (d) False; (e) True; (f) False; (g) True.

2) (a) Forestry; (b) Science, Non-woody; (c) Improvement; (d) Interacting.
Check Your Progress 2

1) & arid, semi-arid and dry sub-humid; (b) 20 per cent; (c) wood, pulp; (d)
Acacia catechu; (e) 160.

2) a Fase (b) True (c) True; (d) Fase; () True; (f) False; (g) True.
3) a Improve capture of rainfal and minera nutrients.

b) Improvelight, water and nutrient use efficiency of plants.
Check Your Progress 3

1) (@ Agri-glviculturd system; (b) Silvi-pastord system; (c) Agri-silvi-pastord
sysem.



2)

3)

(@ Locd, environment, plant species, (b) components; (¢) Agri-silvicultura
system; (d) Silvi-pastoral; (e) Agri-silvi-pastoral system (f) Agri-
dlviculturd.

(@ True; (b) False; (c) True; (d) True; (e) False; (f) True; (g) False; (h)
True
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20 OBJECTIVES

After going through this unit, you should be able to:

e  get acquainted with management aspects of agroforestry in relation to tree,
intercrop and livestock management;

e outline environmental and economic benefits emanating from agroforestry;
and

e  describe extension aspects of agroforestry.

21 INTRODUCTION

In the previous unit, definition, objectives, importance, concepts and potential s of
agroforestry were covered. Distinction between agroforestry “system” and
“practice’, agroforestry systems and practices and benefits of agroforestry as a
land management unit were aso dealt with.



Agroforestry has been atraditiona practice in most parts of the country. Many
traditiona agroforestry systems have evolved over generations with modifications
introduced by farmers from time to time. Examples of such systems are the multi-
species spice gardens in Kerala and that based on Khejri (Prosopis cineraria) in
Rgasthan. Not dl combinations of speciesresult in successful agroforestry systems.
Panning of agroforesry requires bringing compati ble species together and managing
them in amanner that maximises their positive interactions and minimises the
negative interactions.

Unlike systemsin which asingle crop is grown at atime, having more than one
speciesin thefield a the same time requires certain compatibility considerations.
Thisis particularly so when the system comprises of perennia and annual crops.
Besides, the species combination, fertility of land and moisture status for crop
growth need to be considered in planning an agroforestry system.

In the next unit, diagnosisand design (D & D) exercise, PRA methods for choice
of speciesand survey of multipurpose tree species were dealt with. You will aso
be exposad to indigenous traditiond knowledge of agroforestry systems, shelterbelts
and agqua forestry and the concepts of natural resource survey and economic
congderetion.

2.2 PLANNING OF AGROFORESTRY SYSTEMS

Agroforestry is aproduction system with more than one component species such
as annua crops (e.g. wheat, groundnut), fruit trees (e.g. mango, amla), forestry
trees (e.g. subabul, poplar) and animals (e.g. cattle, rabbit). Unlike plant species,
permanent presence of animalsis not required on the land under agroforestry.
Sometimes, animals may never enter the land and their interaction with other
componentsisindirect.

Complimentarity among these componentsisvitd for the success of the agroforestry
system. Inanided agroforestry Situation, there should be perfect harmony among
the component species and al of them should benefit by growing together. Such
asituation leads to higher output from each component as compared to when
grown alone. Unfortunately, this seldom happens. Generally, one component
dominates and as aresult, the production of othersin the system is adversely
affected. The planning strategy for agroforestry systems should be to integrate the
components in such away that there is minimum competition among them and the
maximum benefits are redised.

2.2.1 Components of Agroforestry

Agroforestry isacombination of agriculture and forestry. The agriculture component
mainly consists of crop species grown for food (cereals, pulses, fruits, vegetables,
spices) and agro-industrial raw materia (cotton, sugarcane). Most of these crops
are annuds or biennias, the exception being perennid fruit trees (mango, apple).
The forestry component comprises of species producing fodder, fuel wood and
timber. Almost al of them are perennial species and amgority of them aretall
trees, but some are bushy in nature or are managed as short hedges by pruning.
Agroforestry systems may have a combination of annuals and perennias (e.g.
cered-mango; sugarcane-poplar) or amixture of only perennias (shade treeswith
coffee and cocoa).

Agroforestry Management
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Small farmers aways prefer to produce some food on their farms. Therefore,
they usually select annual food crops as a component of their system. Itisalso
possible to have food production through the perennial component. Large trees
like mango and relatively smaller ones like papaya are perennials producing food
in an agroforestry system. Severa agroforestry systems do not directly produce
food. For example, silvipasture systems have trees with pasture grasses and
legumes as the surface cover. In such asystem, milk isan indirect produce.

The forestry component of agroforestry systemsis usually the woody perennial
species. The preferred perenniadsfor this purpose are fast-growing multi-purpose
species like subabul (Leucaena leucocephaa) and poplar (Populus ddtoids) that
produce fodder, fuelwood and small timber. It is not necessary for the perennial
component to be huge trees or to have a long lifespan. A majority of the
perenniasincluded in agroforestry systems are small to medium in size. Species
such as Sesbania sesban that normally have life spans of about five years are
successfully grown in agroforestry systems. In some systems, the perennial
component is frequently pruned and maintained as a hedge instead of atree.

The vegetation components in an agroforestry system can aso be looked at from
the size of the plants. Annual food crops are usualy smaler in size compared to
treesand aregrown in theintergpaces. Therefore, they arereferred to asintercrops
or understory crops whereas the perennia species are the overstory species.

Another component of agroforestry sysemsisfarm animas. This does not mean
that the animals should be permanently confined to the fields. Thisinvolves
interaction with the crops and trees usually in the form of foliage used as fodder
and animal waste returning to the field to enhance fertility.

The non-vegetation component of agroforestry systems congists of farm animals
(cattle, goat) and birds (poultry, duck). Thiscomponent isusudly present in most
of the crop farmsin India, but thereis no definite planning about their incorporation
into the system. In asystematic agroforestry, this component isincluded with a
well-defined role with operational details such asthe number of animals/ birds
per unit of land and the period when they will be alowed into the field decided
well in advance.

2.2.2 Integration of Components

Appropriate integration of componentsis absolutdy essentid for high productivity
and maximizing returns and the eventua success of an agroforestry system. A
well-integrated system possesses very high degree of complimentarity among the
components. Absence of integration results in competition with each other for
environmental resources such aslight, water and nutrients and low productivity.
This competition occurs even among the plants of the same species. For example,
in a stand of maize plants, every plant faces competition from other plants
surrounding it. The leaves of adjacent plants shade each other and their roots
inter-mingle, trying to absorb water and nutrients from the same soil. When the
plants are of the same species and age, their leaves and roots would be amost
same in size and the competition among them would be more or lessequal. As
aresult, differencesin growth or yield among the plants, if any, will besmall. In
an agroforestry system, on the other hand, the competition will be unequa because
of the differencesin the species. Thisleadsto one species dominating the other,
resulting in the suppression of the growth of the dominated species.



In an agroforestry system, trees have atall and well spread out canopy shading
the understory species. Similarly, their extensive root system can absorb water
and nutrients to deprive the understory crops of their share. The competition is
S0 uneven that atree-based system Ieft on its own will eventually become tree-
dominated. Smal farmersin certain cases would give priority to staple food items
even at the cost of remunerative returns from trees.

Integration of the component speciesin a system should be such that it minimises
competition among the speciesfor environmentd resources. Consequently, al the
speciesin the system make a satisfactory contribution towards the production.
Individually, the yield of a crop in agroforestry may be lower than that in a
monocropped system. But the combined yields of all the component speciesin
an agroforestry system should exceed the maximum production of each component.

2.2.3 Tree Crop Interface

The areaof land where thereis interaction between the component species of an
agroforestry system is caled the interface. If trees are planted far apart, the
interface will be acircular areaaround the base of each tree (Fig.2.1). In systems
wherethe trees are planted dose to each other, usualy in arow, thereis overlapping
of theinterfaces of the trees. Asaresult, the interface becomes amost a strip
on either side of thetreerow (Fig.2.2). Thewidth of thisinterface increases as
the tree grows and may cover the entire field when the canopies of neighbouring
trees touch each other.

Interface

Fig.2.1: Interface of atree

The interface is aso the areawithin which the micro-environment is modified by
the canopy of the overstory species. The obvious changeisthe reduction in the
light. Inaddition, the presence of trees reduces evapotrangpiration, air temperature,
soil temperature and wind speed. Mot of these changes are benefical to annual
crops. These benefits are more than offset by competition for water and nutrients
below the ground and light above the ground.

Interface

Fig.2.2: Interface asa strip
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Fositive effect on trees and
negative effect of trees on crops

The relationship between the component species within the interface may be
positive or negative (Fig.2.3). A postive relationship where both species benefit
does not occur that often. This requires the tree speciesto have athin canopy
that alows adequate light to penetrate through for the intercrops. In addition, the
roots of the component species should occupy different strata of soil in order to
avoid competition for moisture and nutrients. Unfortunately, this does not happen
that often in actual field conditions. Theideal tree-crop combinationisonein
which the tree has athin canopy with aroot system that grows deep without much
lateral spreading and the intercrop is shade tolerant with a shallow root system.

The commonly found relationship in the interface is one where atleast one species
shows a negative effect. Usually, the intercrop suffers due to competition from
the perenniad component. The interface can be easily recognised in this case as
it is the areawhere the growth of the intercrop is affected. The growth of the
intercrop usually shows a gradual increase as the distance from the base of the
treeincreases. Someintercrops, such as aggressve grassesin slvi-pasture systems,
can be the dominant partners of the system, reducing the growth of trees. There
are aso stuations of both the perennia component and the intercrops suffering
due to competition in the interface.

Crops

-
—I'|"‘ 1 v

: | e
ALV

Hegative effect on both trees and Megative effect on crops and no

CIOps

effect on trees

Fig.2.3: Relationshipsin tree-crop interfaces (Source: Agroforestry Systems)

Theareaof land under the tree-crop interface is determined mainly by the following
factors associated with the tree component: (a) age, (b) number per unit area of
land and (c) planting arrangement. The canopy and root system of trees grow
with age and occupy more and more land. The presence of thetreeis hardly felt
by the other cropsin the system during thefirst year and possibly the second year.
Theregfter, the areainfluenced by trees, mostly in the form of competition, increases.
Interface increase due to age cannot be changed, but that resulting from number
and arrangement can be modified. The interface areaincreases when there are
more trees in a unit of land. If this has to be avoided, fewer trees should be
planted. In case they are already present in the field, selected trees can be
removed to reduce the pressure on intercrops.



The third factor, arrangement of treesin thefield, is an important consideration
in reducing the interface areain agroforestry systems. For example, 100 treesare
planted in one ha area at a spacing of 10 x 10 m. When the trees grow,
interaction among them will be the least because the branches and roots of each
tree has at least 5.0 m to grow in each direction before it encounters the adjacent
trees. Asaresult, interaction among the treesislow, but the tree-crop interface
ishigh. On the other hand, if the trees are planted at the spacing of 5.0 x 20
m, the interaction between adjacent treesis high because each tree has only 2.5
m in one direction before it encounters its neighbour. In the other direction,
however, the distance availableis 10 m; most agroforestry trees seldom grow this
far in one direction, so the interface areaislow. Crops are grown in this space
between two tree rows,

Thus, the area of interface between trees and crops in an agroforestry system can
be determined by selecting the appropriate spacing and plant popul ation of the
trees. Thisisdecided based on the competition on the intercrop, the economic
value of its produce and the ecological benefitsit bringsto the system.

224 Land Consideration

Knowledge about the type of land is necessary for planning an agroforestry
programme. Agroforestry systems can be introduced on any land. However, the
prospect of yield reduction of food crops should be an important consideration
if fertile land is to be brought under agroforestry. In states like Punjab and
Haryana, systems based on poplar tree have been very successful with cropslike
wheat, rice and sugarcane. The agricultural crops in these systems do not
experience adradtic reduction in yields because of favourable soil fertility conditions,
availability of water and the compatible nature of poplar.

In conditions where water is alimiting factor, trees can suppress the growth of
annual crops. Therefore, on fertile landsin dry areas where the present systems
with annual crops produce reasonably good yields, agroforestry may not be a
desirable option. If agroforestry is taken up on margind lands totally dependent
on rainfdl where the present yidd levels are very low, the reduction in crop yields
will be more than compensated by the returns from the trees. Moreover, having
such land under trees can also improve its fertility. Hence, agroforestry is a
suitable system for marginal lands.

Check Your Progress 1

Note: @ Use the space below for your answers.
b) Compare your answers with those given at the end of unit.

1) What are different components of agoforestry? Name the important species
comprising these components.
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2) What is meant by tree-crop interface? Explain positive and negative
relationship of thisinterface.

2.3 AGROFORESTRY MANAGEMENT

2.3.1 Tree Management

Treesin an agroforestry system may be horticultura crops (e.g. mango, cashew)
or forestry species (e.g. neem, subabul). Newly planted trees do not compete
with annual crops, competition beginsin about the second year and continues to
increase with time. If trees are planted at a distance of more than 10 m, not more
than 25per cent of the land will belogt to tree interface during thefirst five years.
Hence, annua food production will not suffer significantly. Insmal farms operating
a very low levels of inputs, increasing the yield of annua cropsin the remaining
land can more than compensate for the reduction in land area. This can be
achieved through the introduction of new crop varieties, increased inputs and
following improved management practices.

Eventually, however, trees begin to dominate the system which isreflected in
declining crop yields. If the tree species is a horticultural crop like mango,
competition becomes evident by about the time they start producing fruits. Asthe
loss from one crop is compensated by the returns from another, farmers may not
be unduly worried at this stage. But farmers become apprehensive when the crop
loss due to competition becomes pronounced in subsequent years. In agroforestry
systems where the perennial component is afast growing multi-purpose tree,
competition sarts early, sometimesin the second year itself. Whether the competing
perennial isafruit tree or amulti-purpose tree, farmers have to start managing
thelr tree canopy at some point of time.

2.3.2 Intercrop Management

The management requirements of each crop in an agroforestry system are specific.
They haveto be addressed separately for the system to be successful. In perennid-
annual systems, the intercrops have certain disadvantages because they are the
understory species. Their main limitation is the competition for light, water and
nutrients from the perennia species. In planned agroforestry, careis taken to
minimise the competition by having the trees planted at wider spacing. This may
result in fewer trees per unit area of land than recommended, but the returns from
the intercrops will more than compensate the loss in the perennials.

Depending upon the growth rate of the trees, the competition from trees will be
minimal during thefirst 2-5 years. Therefore, the reduction in annua crop yield
will be less than 20 per cent of what can be harvested when they are grown as
solecrops. Thisisan affordable lossto most farmers, considering the benefits
that will be realised later on from the trees. Eventualy, however, the intercrops
will face competition from the trees and therefore their management becomes
important to minimisether yied loss. Intheinterface, competition for light under



the shade of the perennia speciesis inevitable. Selection of shade tolerant
gpeciesliketumeric isapossbility, but their soil and climatic requirements should
aso be satisfied.

In the absence of such species, the practice of farmersisto leave an uncropped
band of 2.0-4.0 m on either side of the tree row which means unavoidable
reduction in the area under the annual crop. Besides the competition factor, the
intercrops can aso be saved from dripping rainwater by not planting them directly
under the tree canopy. In the remaining area, the intercrop should receive the
optimum management to maximise theyield. The main requirement hereisto
apply fertiliser or manure and irrigate the crop as per normal recommendations.
Crop protection measures against pests and diseases should aso be carried out
regularly. The species susceptible to the same pests and diseases as the perennial
component in the system should not be selected as intercrops. Regular weeding
is necessary as unlike the perennial species, the intercrop is susceptible to
competition from weeds.

In certain cases, intercrops such as pasture grasses and sugarcane become very
aggressive adversely affecting the growth of the perennial species. Thisis
particularly so in the case of young fruit trees. In such situations, it is necessary
to uproot the intercrops growing close to the perennials to protect the young
saplings. Sometimes, land under well-established trees may be converted into
agroforestry by growing cropsin the interspaces. This usually happens when
intercropping isinitiated in afruit orchard or community wood lot.

Under these conditions, the existing tree population may be such that shading
cannot be avoided. Therefore, very little can be done to create favourable
conditionsfor the intercrop and its yield might be considerably lower as compared
toits potential. However, returns from the intercrop are an additional benefit to
income from the trees. Therefore, management options are limited to reduce the
competition for environmental resources and increase the intercrop yields.

2.3.3 Livestock Management

Livestock, especidly smdl animds, can beincluded as acomponent of agroforestry
systems. They do not have to be permanently in the field. Depending upon their
management, (a) animas may permanently remain on thefield, (b) temporarily let
in for grazing or (c) never enter the field asis the practice in stall-fed systems.
In silvipasture systems, land may not be a constraint, so the animas are allowed
to graze and stay in the field itself. The stocking rate, that is, the number of
animals per unit area of land, has to be adjusted to prevent overgrazing of the
field. Thefield may aso be partitioned into paddocks and the animals moved
from one enclosed areato another. Thereis hardly any opportunity to practice
thistype of system in India because of the pressure on land.

A common practice in most parts of the country isto alow the farm animalsto
graze on cropland soon after the crop is harvested. The leftover residue after the
harvest of the crop is an excellent fodder. In addition, grass growth, if any, aso
becomes fodder. This practice can also be adopted in agroforestry after the tree
canopy grows beyond the reach of farm animals. In agroforestry systems with
annual crops, soon after the harvest of the intercrop, the interspaces will be
littered with residue. Allowing the animas at this stage will benefit the animals as
they get valuable fodder. At the sametime, thefertility of the land gets enhanced
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by the dung and urine of the animals. Pruning from the trees can a so be fed to
theanimals.

There can be agroforestry systems where afarmer has livestock, but the animals
are permanently separated from the farmland. This can happen when the animas
are stall fed and never allowed to graze directly on the land. The interaction
between the anima and the land is sSimilar in this system as fodder is exchanged
for dung and other farmyard waste. However, the transport of fodder and dung
has to be done by the farmer requiring additional labour. There may be Stuations
where the fodder and other biomass residue are taken out of the land, but the
dung and farmyard waste are not returned. If thisis continued for long, the
fertility of the land can get depleted over a period of time.

2.34 Soil Fertility Management

Indry tropica aress, soil fertility isamajor consideration in deciding which land
isto be brought under agroforestry. Large farmers have the resources and ability
to manage the fertility of their land better than the smallholders. They can afford
to set aside a portion of the farm for rehabilitation for a season or two. During
this period, green manure crops can be grown on this land and the foliage ploughed
in. Itisaso possblefor large farmersto buy organic manuresin large quantities
and apply to the land to improve the fertility.

Small farmers, however, do not have these options as they have to crop their land
every season to earn thelir livelihood. If their land fertility is satisfactory and
irrigation water is available, it is better for them to adopt a cropping system
comprising of only annual crops. Agroforestry isan option for lands where high
returns cannot be obtained with annual crops because of fertility and irrigation
constraints. On such lands, agroforestry together with awell-planned fertility
management programme can result in satisfactory yields from the annua crops as
well astrees. More importantly, the practice of agroforestry gradualy improves
the soil fertility.

Soil fertility improvement is avery slow process and takes a considerable time
toyied results. This has been well demondtrated in dley cropping, an agroforestry
system, where the biomass from multi purpose trees is required to be incorporated
into the soil as green manure. The soil fertility improvement in responseto this
practiceis so dow that farmers do not fed it isworth continuing. Consequently,
farmers tend to use the biomass as fodder, which yields an immediate response
in the form of increased milk yield. The purpose of agroforestry for soil fertility
islost due to this practice and the land quality may even become poorer than
what it was at the time of agroforestry introduction.

Soil fertility management under agroforestry systems has to take into account the
prevaling land quality and the individua nutrient requirements of congtituent species
in the system. Agroforestry improves the fertility as trees add organic matter
to the soil in theform of falen litter and root decay. Moreover, commonly grown
agroforestry trees like Leucaena leucocephala and Gliricidia sepiun fix biologica
nitrogen, which improves the soil nitrogen status. The soil fertility management
practicesfor these lands indude incorporation of falen litter into the soil, minimum
tillage to reduce soil disturbance and prevention of excessive drying by the use
of mulch. If fodder is continuously harvested and taken away from the land, there
should be some compensation in the form of organic manure application.



In agri-horticulture systems, the nutritional requirement of fruit trees and annua
crops hasto be taken care of independently. Manure or fertiliser for fruit trees
can be applied in abasin around the base of the tree and for the annual crops,
it can be broadcast or given asaband. Fast-growing multipurpose trees are not
usually fertilised, but their roots may grow towards the root zones of the other
speciesin the system and compete with them. Ploughing the area demarcated for
annua crops can to some extent clip the roots encroaching into the area, but total
protection isimpossible.

Activity 1

Vidgt agroforestry farms and examine the planning and management aspects
in practice. Document these practices together with your observations to
improve them.

Check Your Progress 2

Note: a) Use the space below for your answers.
b) Compare your answers with those given at the end of unit.

1) Describetherole of tree management in agroforestry.

Now that you have done the Check Your Progress 2, we may study important
benefits of agroforestry.

24 BENEFITS OF AGROFORESTRY

2.4.1 Environmental Benefits

Environmental degradation is posing aserious challenge to the very survivd of the
mankind. Deforestation combined with emission of gases from modern gadgets,
machines and automobiles has resulted in ecological imbalance in the form of
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globa warming and climate change (dueto increase of CO, in the atmosphere),
recurring droughts and floods, serious soil losses and pollution. Concerted efforts
need to be made to restore the ecologica balance by increasing forest cover and
mai ntaining the existing forests and sanctuaries. Trees help check erosion, land
dides and reclaiming wasteland. Thisin turn would greatly check sedimentation
of our reservoirs. Afforestation on roads, rails and canals improves microclimate
and environment. Continuity of plant cover, utilization of solar radiation, capacity
to enrich soil and modification of microclimate are the important characteristics of
trees sdlected for environmenta protection. Protecting environment has assumed
a considerable significance in the present context of large scale pollution and
climate change. As a consequence, more and more areais coming under national
parks and sanctuaries. Besides, restriction on uprooting of green trees and other
measures, availability of timber is declining encouraging farmers to adopt
afforestation of waste lands and planting of trees on farm lands and on sides of
rails, railway tracks and canals.

2.4.2 Economic Benefits

Economic issues play an important rolein deciding agroforestry system. Demand,
supply, land use policies, market forces etc., are the important factors in the
sdlection of agroforestry systems. Even in the recent past, agriculture received the
highest priority even at the cost of the existing trees. However, fruit trees were
generdly retained. Agroforestry has now assumed a considerable importancein
view of itscomplimentary role in railsing/supplementing farm income, adding nutrition
to the land and improving environment. Besides economic considerations, socid,
cultural and ecological implications have to be kept in view in agroforestry.
Following factors need to be considered for economics of agroforestry system.

a) Land -Man Ratio

India has about 2 per cent land resource to support 15 per cent of human 16.5
per cent of the livestock population and per capitaland areais one of the lowest
intheworld. Inview of thelargest number of persons actively engaged in agriculture,
land- man ration is very small. Most of theland holdingsin Indiaare small about
two-areais still rainfed. Mg ority of the small and margina farmers are not able
to divert their land for any other purpose as agriculture sustains them.

b) Shortage of wood and steep pricerise

The demand for food, fodder, wood and other products has increased consderably
over the years due to ever growing population. The forest area has decreased
drastically dueto its diversion to agriculture and other uses. As aresult, price of
forest products has steeply increased. The prices of agricultural commodities have
the increased 3 to 5 times over the past 25 years as against 15-20 fold increase
in the forest produce. Therefore, tree plantation particularly fast growing species
has become a beneficia option.

¢) Wood Consumption Pattern

There has been amarked increase in the consumption of commercid and industrid
wood for paper, plywood, furniture etc. as aresult of improvement in living
standards. Thereis acute scarcity of firewood demand. These factors have led to
steep increase demand of wood.



d) Policies

Government policies contribute to the growth of agroforestry in abig way. The
Forest Policy amsto ensure the environmental stability and ecological balance.
The farmers particularly, small and marginal farmers need to be encouraged to
grow wood species for industries on margina lands by providing incentives.

e) Marketing

In case of wood and fodder, no price control mechanism exists due to which
farmers are exploited by the industria sector. Non availability of storage fecility,
poor accessibility and high transportation cost act are the main factors which
discourage the farmersto go for agroforestry. The underdevel opment of wood
markets contributes of low price to the producers and till high price paid by the
consumers.

f) Time Span

In alarge number of agroforestry systems, the output is obtained after severa
yearswhich acts as adisincentive to the farmers due to the risks involved during
this period in addition to non-existence of demand at the end of the growth

period.
g) Risks

Trees are long duration crops and returns and prices may fluctuate. Marketing
infrastructure for wood is not well devel oped.

Agroforestry systems provide material and services where services refer to
sudanability aswel asenvironmenta vaue. Sustainability of the sysemisatributed
to biologica nitrogen fixation, nutrient cycling, green mannuring, contour planting
etc. These services cannot be evaluated in economic terms. The valuation of
materia outputs such as fuewood, fodder, timber etc. will be different with regard
to public and private economies.

Economics of Individual systems

Agroforestry systems vary agreat deal with regard to their crop composition,
ecologicd interaction, labour requirement, investment and nature of returns. Different
systems have different components. In trees dominated systems, it is ecologically
safer; the investment is made in theinitial year and returns are expected after a
long period. In annual crop dominated systems, investments and returns are of
annual nature. Economic considerationsin different agro-agroforestry sysems are
discussed asfollows.

i)  Shifting Cultivation

The system operates at subsistence level and in these areas, land is adequate and
labour is scarce and transport and market facilities are not developed. Thereis
no demand for tree products which are used only for household purpose. Though
the system works efficiently both economicaly and ecol ogicaly, economic evauation
of the system islacking.

i) Taungya System

It refers to a system where aforest crop is established along with agricultural
crops. The cultivators are alowed to grow agricultural crops and in return they

Agroforestry Management

31



Agroforestry Systems

32

haveto raise forest crops. Thusthe system involved intensive use of land and was
thus popular where land was scarce and peopl e were poor. The system appears
to be exploitive and therefore it isno longer practiced in large areas. The farmers
therefore need to given additiona benefits and their health, sanitation, education
etc. of the cultivators looked after.

iii) Agrisilviculture Systems

Trees on agricultural land; trees with plantation crops, home gardens; village
wood lots; dley cropping etc. are common agrisilviculture systems. It is difficult
to work out economics of these systems as the correct information on inputs and
outputsis not available.

Growing trees on farm land in various geometry and scattered patterns (blocks,
rows or strips or boundaries) is the most common agrisilviculture system. The
economics depends on species mix, duration of the association and other physical
and biologicd factors. A few trees grown in scattered form are meant for household
use and do not produce enough for marketing. In large parts of the country, farm
forestry (trees generaly grown on field bunds such as eucalyptus, teak etc.) was
met with great success dueto low labour input and other factorsinitially but lack
of sound marketing system led to steep decline in returns from tree farming and
hence loss of interest.

Tree grown with high value crops such as tea, coffee, rubber, coconut etc. not
only result in high returns due to production of timber and firewood but provide
needed shade to these crops.

In home gardens, besides growing trees, vegetables, fruits and other useful crops
growninasmdl area(lessthan 0.1 ha) around village house, other miscellaneous
activities such as storing hay, making livestock pens, rearing poultry etc. are dso
carried out. Per unit production in home garden is the maximum among various
agroforestry systems.

Live fence of thorny species such asAcacianilotica, Carissa spinarum etc., is not
only effective in protecting the crops from damage by stray animasetc., but aso
provides firewood and fodder.

iv) Slvipasture and Pastural Slviculture

These systems comprising of fodder grasses and fodder trees provide fodder,
firewood and timber. The fodder production per unit area from these systemsiis
reported to be higher than the production from fodder grasses a one. Not much
work on economics of this system is reported, however, some initial studies
indicate that these systems are economical as compared to simple pasture
managemen.

2.5 ROLE OF RESEARCH AND EXTENSION IN
AGROFORESTRY

Adoption of effective agroforestry programmeswill go along way in addressing
food, wood, employment and environmenta problems. Integrated multidisciplinary
approach is quite effective for systematic development of agroforestry system.
Lack of trained manpower in agroforestry at different levelsis one of the serious



condraintsfor promating agroforestry. It istherefore, essentia to undertake research
on different aspects of agroforestry and transfer of need based and cost effective
technology through training and other extension techniques.

2.5.1 Research

On-station research in different agro-climatic zones s of vital importance for
selection of appropriate species of trees and adoption of techno-economical
agroforestry system in order to increase income as well as for maintaining soil
fertility, conserving soil moisture and reducing soil erosion problems. In order to
realize the desired results from the devel oped technol ogy, the technol ogy needs
to be tested at the farmers' fields to identify the gaps between the controlled
research and actud field conditions and aso to build confidence in the farmers for
the technology.

2.5.2 Extension and Training

Agroforestry isacomplex system requiring multidisciplinary gpproach which poses
achallenge to the extension workers for popularizing the technol ogy. Various
agroforestry systems depending on agro-climatic conditions of the regions need
to be propagated by using innovative extension techniques. Training is one of the
most important extension techniques for refreshing and upgrading the skills of the
extension workers and the farmers. This leads to effective dissemination of
knowledge and sKkills. Training in agroforestry not only helps motivate the farmers
and create confidence in them to adopt latest technologies but also upgrades the
knowledge and skills of the trainers for effective dissemination of technology
among the farmers. It istherefore, necessary to train persons engaged in extension
work aswell asthe members of the target group. Training methodology, contents,
technical know-how etc. need to be devel oped depending on the level of the
extension worker. Training of the target groups should be conducted in two
phases, i.e. before implementation of the programme and second after
implementation of the programme. The first phase may include best suitable
technologiesfor solving biophysical and socio-economic problems and evauation
of impact of training while second phase may involve transfer of technology at the
farms under the supervision of the extension workers, the problems encountered
during adoption of technology, modification of technology as per need and impact
of training on the adoptabilty of the programme. Krishi Vigyan Kendras (KVKS),
and Farmers Training Centres play an important role in conducting these training
and programmes. Besides, special agroforestry camps need to be organized at
the block and district levels as per the need of the farmers.

Check Your Progress 3

Note: @ Use the space below for your answers.
b) Compare your answers with those given at the end of unit.

1) Enumerate environmenta and economic benefits of agroforestry systems.
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2) Describetherole of extension and training in promoting agroforestry..

26 LET USSUM UP

Planning and management of agroforestry ams at introducing systematic and
intensive systems in order to increase productivity and ensuring improved
soil fertility and increasing crop diversity. The compatibility among the
component speciesis extremely crucial for the success of the system.

The management of complex agroforestry systemsis largely dependent on
the optimization of both ecological and socia processes.

Agroforestry is acombination of agriculture and forestry. The agriculture
component consists of generdly annuas or biennials crop species grown for
food (cereds, pulses, fruits, vegetables, spices) and agro-indudtria raw materid
(cotton, sugarcane) and the forestry component comprises of species
producing fodder, fuel wood and timber.

Appropriate integration of components is absolutely essentia for successful
agroforestry system resulting in high productivity and maximizing returns and
the eventual. Lack of integration leads to competition with each other for
environmental resources and low productivity.

Selection of gppropriate spacing and plant population (interface) of the trees
based on the competition on the intercrop, the economic value of its produce
and the ecological benefitsis absolutely essentid for successful agroforestry.

Agroforestry on margina lands not only compensates very low productivity
of crops by returns from trees but also improves soil fertility.

Management of tree canopy in case of both perennid fruit and multi-purpose
treeis absolutely essentia to minimize the negeative impact of competition. In
planned agroforestry, the trees are planted at wider spacing and the return
from the intercrops adequately compensates the loss in the perennials.
Livestock management and soil fertility management are important aspects of
successful agroforestry system.

Environmental degradation is threatening the agricultura sustainability and
human survival. Agroforestry plays an important role offsetting the negative
effects of growing pollution resulting in globa warming and climate change.



Besides, agroforestry hasavery important role in raising/supplementing farm
income and adding nutrition to the land.

e  Trained manpower in agroforestry a different level sis necessary for promoting
agroforestry. Training on multidisciplinary aspects of agroforestry is of
paramount importance for refreshing and upgrading the skills of the extenson
workers and the farmers for effective dissemination of technology

2.7 KEYWORDS

Gliricidia sepium

Khejri (Prosopis cineraria)

Leucaena leucocephala

Overstory species

Paddocks

Seshania seshan

Silvipasture

Sall Fed

Subabul

Understory species

Woodlot

Fast growing nitrogen fixing tree used to
provide shade to shade loving crops.

A wonder tree also known as the *king of
desert’ checks the deserts, boosts economy
of the desart areaand rich in medicind value.

L eucaena species are grown for variety of
uses, including as green manure, acharcoa
source, livestock fodder, and for soil
conservation. Leucaena leucocephala have
edible fruits (as unripe) and seeds.

Consist of giant emergent trees that tower
above the surrounding canopy.

A small field near a house or stable with
grazing for horses.

Important fast growing agroforestry species
used for fuel wood and fodder and can
tolerate saline and waterlogged conditions.

Refersto grazing of livestock and growing
of trees on the same piece of land and can
be devel oped by establishing treesin existing
pastures or by establishing pastures within
or under existing tree stands.

A compartment in abuilding whereasingle
large animal (s) livesor isfed or milked.

A large, evergreen, fast-growing shrub or a
small tree.

Crops or species planted under forest,
orchard, or other trees such asvines, shrubs,
herbaceous plants, or shorter trees. When
integrated with tree crops, they can provide
earlier returns and diversify farm yields.

A privately owned tract of woodland where
trees are grown for fuel, posts, timber, or
pul pwood.
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29 MODEL ANSWERSTO CHECK YOUR

PROGRESS

Check Your Progress 1

1)

2)

Agroforestry congists of agriculture and forestry components. The agriculture
component mainly consists of crop species grown for food (cereals, pul ses,
fruits, vegetables, spices) and agro-industria raw materid (cotton, sugarcane)
whereas the forestry component comprises of species producing fodder, fuel
wood and timber.

Interface refers to the area of land where there isinteraction between the
component species of an agroforestry system. The relationship between the
component species within the interface may be positive or negative. A
positive relationship where both species benefit, requiresthetree speciesto
have athin canopy that allows adequate light to penetrate through for the
intercrops. Intheinterface, at least one species shows a negative effect.
Generdly, the intercrop suffers as aresult of competition from the perennia
component.

Check Your Progress 2

1)

2)

3)

In agroforestry systems, tree management is necessary when the crop loss
due to competition between crop and trees becomes considerable after a
few years. In case of the perennial component being fast growing multi-
purpose tree, competition starts early, sometimesin the second year itself.
Whether the competing perennia is afruit tree or a multi-purpose tree,
farmers need to manage their tree canopy at some point of time.

In perennid-annua systems, the intercrops being understory speciesresult in
the competition for light, water and nutrients from the perennial species. In
planned agroforestry, it is managed by planting trees at wider spacing. This
may result in fewer trees per unit area of land than recommended, but the
returns from the intercrops will more than compensate the loss in the
perennids.

Therole of livestock in agroforestry systemsis complementary. Animals get
vauable fodder from annua crops even after the harvest of the intercrop and



at the sametime, fertility of the land gets enhanced by the dung and urine
of theanimals.

Check Your Progress 3

1) Agroforestry has an important role to play in maintaining ecologica baance,
checking serious erosion and land slide problems and providing timber and
products as wells supplementing income of the farmers. Afforestation on
roads, rails and canasimproves microclimate and environment by reducing
CO, content and eventualy globa warming responsible for climate change.

2) Various agroforestry systems depending on agro-climatic conditions of the
regions need to be propagated by using innovative extension techniques.
Training isone of the most important extension techniques for refreshing and
upgrading the skills of the extension workers and the farmers.

3) Following factors need to be considered for economics of agroforestry
Sysem.

e Land—-Man Ratio

e Shortage of wood and steep price rise
e Wood Consumption Pattern

e Polides

e Maketing

e Time Span of growth

e Risks
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UNIT 3 SURVEY AND DOCUMENTATION
OF EXISTING PRACTICES
(PRACTICALY)

Sructure
3.0 Objectives
3.1 Introduction

3.2 Diagnosisand Design Exercise
321 Prediagnogtic Stage (Steps 1-3)
322 Diagnostic Stage (Steps 4-6)
323 Technology Design Stage (Steps 7-9)
324  Follow-up Planning Stage (Stage 10-12)
325 YouCan Do It

3.3  Participatory Rural Appraisal (PRA) for Choice of Species and Need
331 Transect Analysis
332 Mapping
333  Seasonality Diagram
334 Ranking and Scoring

335 YouCan Do It

34  Survey of Multipurpose Tree Species (MPTS) and their Uses
341 Fodder Tress
342  Fuel Wood Trees
343  Fruit Trees
344  Other Woody Perennials
345  Procedure for Survey of Multipurpose Tree Species/Shrub Species (MPTS)
346 You Can Do It

3.5 IndigenousAgroforestry Systems, Indigenous Knowledge, Shelterbelts and
Aquaforestry

3.6  Concept of Natural Resource Survey and Economics
36.1 Concept of Natural Resource Survey
362  Economic Consideration

3.7 LetUsSum Up

3.8 Keywords

3.9  Suggested Reading

3.10 Mode Answersto Check Your Progress

3.0 OBJECTIVES

After going through this unit, you should be able to:

e enumerate various steps for diagnosis and design (D & D) exercise and
conduct field exercise,



e describe PRA methods for choice of species and needs and conduct field
exercise,

e describethe procedure for survey of multipurpose tree species,
e  get acquainted with indigenous traditiona knowledge of agroforestry systems,
e explain shelterbelts and aguaforestry; and

e understand the concepts of natural resource survey and economic
consideration in context of agroforestry.

3.1 INTRODUCTION

In the previous unit, management aspects of agroforestry in relation to tree,
intercrop and livestock management, environmenta and economic benefits emanating
from agroforestry and extension aspects of agroforestry were covered.

Agroforestry represents an integrated land use approach involving deliberate
retention or admixture of trees and other woody perennials in crop/animal
production fields to benefit from resultant ecol ogical and economic interactions.
In fact, due to its multifaceted dimensions, agroforestry has acquired wide
acceptability. Agroforestry broadly hastwo main objectives: productivity (involving
multitude of outputs) and sustainability (which implies conservation, or even
improvement, of the environmenta aspects of the system).

Though, alarge number of agroforestry systems have been practiced but they
deal with only afew agroforestry practices. It is very important to get acquainted
with the agroforestry approaches with emphasis on practical aspects. Various
tools and methodol ogies currently being used to document existing or traditional
agroforestry practices or systems that have evolved under site specific conditions
need to be studied. Important features of some existing agroforestry practices/
systems common in certain parts of Indiawill aso be discussed.

3.2 DIAGNOSISAND DESIGN EXERCISE

Considering the potentials of agroforestry and lack of quantitative methods to
evauate agroforestry systems, it isimportant that widdy adoptable methodol ogies
are deve oped for evduating the sysems. Diagnosis and Design Exercise, commonly
referred to as D & D exercise was developed at World Agroforestry Centre
(formerly ICRAF), Nairobi, Kenyain 1980s to document the existing agroforestry
system of a particular location and then to design appropriate agroforestry project
for amilar site conditions (Raintree 1987).

One of the mgjor principles underlying D & D methodology is derived from an
analogy with medicinei.e., diagnosis should precede treatment. It means that
actual needs and potential of existing land use system should be documented
before designing any agroforestry land use system for a particular site. Here,
design means development of appropriate agroforestry approach for the land use
system, where diagnosis has already been carried out. Thus, D & D exercise has
essentialy two major parts. Firstly, diagnostic exercise is conducted by amuilti-
disciplinary team of research workers of the field of forestry, agriculture soil
science, climatology, geography, socio-economic, etc. which takes about two
weeks. This is followed by development of appropriate design concept for
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agroforestry interventionsto improve existing land use. It takes two to four months
to arrive at certain logical conclusions about design to be implemented. Once,
theoretically adesign is created, asmaller working group refines the design as per
needs of stakeholder(s) and potentia of land use (by further quick validation and
interpretation of data gathered during diagnostic survey). Development of the
detailed project implementation plan isthefind step. Thistype of D & D application
is designed to economize time and manpower and make best use of available
limited resources.

D & D exercise conssts of aseries of information gathering and anaytical steps,
leading logically from one to next (Hyxley 1983). The sequence entails a
hierarchical progression from genera to the particular to develop progressively
sharper focus on essential information. The whole exercise is thus divided into
following four stages consisting of twelve steps:

3.2.1 Prediagnostic Stage (Steps 1-3)

It covers (1) background description of the study area, including relevant aspects
of biophysical and socio-economic environment; (2) differentiation and selection
of land use system with in the study area; and (3) preliminary description of
diagnogtically relevant aspects of selected system.

3.2.2 Diagnostic Stage (Steps 4-6)

It includes (4) diagnostic survey of selected system and relevant aspects of
environmenta settings; (5) diagnostic analysis and identification of mgor land use
problems and potentials, and (6) derivation of specification for appropriate
technology (including non-agroforestry options but with special attention to
agroforestry potentia).

3.2.3 Technology Design Stage (Steps 7-9)

It involves (7) selection of candidate technologies for inclusion in design; (8)
synthesis of general design concept for an improved land use system; and (9)
evaluation and refinement of the proposed design.

3.24 Follow-up Planning Stage (Steps 10-12)

This stage covers (10) identification of research needed to develop or test identified
agroforestry technology; (11) identification of areas needing further D & D attention
inafollow up stage; and (12) devel opment of detailed project implementation
plant to carry out envisaged R & D programme.

The whole processis carried out in participatory mode to maximum possible
extent. It isillustrated by an example of Bambore-Baorli Watershed (Jodhpur
district, Rgasthan) agroforestry system (Table 3.1). First three phasesof D & D
exercise ded with information collection and designing the gppropriate agroforestry
intervention in target area. However, fourth phasei.e., follow up planning stage
involves both on ‘research station’ research through experimenta investigation of
fundamenta aspects of proposed technologicd interventions, aswell ason *site
research’ through in situ trials of candidate ‘technological package on target
area. The experimental in situ trials provide ample opportunity for continuing
diagnosis and refine the proposed project design for best management of target
area.



Table 3.1: Site summary of Agroforestry Diagnosis and Design (D & D) indication of a

watershed in arid western Rajasthan

Survey and Documentation of

Existing Practices (Practicals)

Prediagnostic Sage (Steps 1-3)

Site Details

System description

Diagnostic Sage (4-
6)

Technology Design
Sage (Seps7-9)

Follow up
Planning Sage
(10-12)

Area; Bambore-
Baorli Watershed

Location: 39 km
north-west of
Jodhpur town,
Jodhpur

Villages:
Bambore- Baorli
and Tulesar

Total Area: 870
ha

Total households:
138 (nos.)

Total human
population: 1417

Total Livestock:
1392 animals
(goats 57%, cows
17%, buffalo 9%
and others 22%)

Climate: Arid,
average total annual
rainfall 300 mm

Soils: Sandy and
sandy loam

Farming System:
Mixed, crop-
livestock (in true
sense traditional
agroforestry system);
Prosopis cineraria
trees are found
scattered on crop
fields; density = 16
trees/ha)

Crops:. Pearl millet,
mung bean, moth
bean, clusterbean
and sesamum (all
rainfed)

Economy:
Subsistence farming

Area available for
cultivation: 620 ha

Averagecultivable
land per household:
45ha

Some important
aspects of
environmental
setting of the site:
North and north-
eastern part of
watershed is bounded
by arocky chain of
hillocks with slope of
18-26%. Two
ephemeral streams
originate from hilly
region and these
streams are source of
water for two village
ponds. Majority of
agricultural landsin
watershed are located
in lower flood plains.
Traditional extensive
agroforestry system
has been practised in
the area since ages
anditiskhejari (P.
cineraria) based.
Some other tree
species are also found
scattered on crop
fields. Tree species
provide fuel and
fodder to villagers.

Problemsin basic
needs supply

Food: Below average
rainfall, that too quite
erratic and droughts
are very common.
Shortage of stable
food; must purchase
during drought years;
low milk production;
livestock mortality
during drought years;
lack of knowledge
about proper
livestock care.

Fodder: Acute
shortage of fodder
during drought years;
Even during low
rainfall yearsthereis
fodder shortage; In
general treeson crop

Selection of
candidate
technology: Onthe
basis of problems
identified, best-
technology options
area

e Strengthening tree
component in
traditional
agroforestry
system by
incorporating fast
growing and well
adaptable fuel and
fodder treeson
crop lands.

o Utilizing drought
tolerant high
yielding crop
varieties. Always
better to introduce
dual purpose
(food grain &
fodder yielding)
varieties.

e Living fances of
high yielding fuel
wood species and
fruit producing
thorny bushes or
small trees like,
Ziziphus jujube
(Ber).

o Development of
silivi-pastoral
system on village
grazing lands.

e Utilizing village
ponds for aqua
forestry.

e Development of
comprehensive
technology
introduction plan.

e |dentification
of research
needs for
implementation
of technology
design on
target
watershed.

e Planning
further D & D
attention on
non crucial
areas, like
village
grazing land,
incorporating
other
improved
agro-
technique for
crop
production
(in addition to
introduction
of high
yielding crop
varieties as
planned), etc.

o Development
of detailed
project
proposal for
implementation
of appropriate
technological
interventions
to strengthen
structure and
production
potential of
existing
tradition
agroforestry
system of the
areato
enhance
livelihood
security of
villagers.
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25% of total fodder
need.

Fuel: Only 35-50%
fuel is produced from
woody perennials on
croplands; Heavy
extraterritorial
collection of fibre
wood; thus, thereis
acute gap in demand
and supply of fire
wood.

Economy: Serious
indebtness prevails
through out the
villages of
watershed. Cash
assets and reserves
arevery meager.

Production
Constrains

Crop lands: Low
fertility; lack of
adequate quantity of
manure; low
available moisture;
soil erosion due to
high wind speed;
lack of knowledge
and aswell as
availability of quality
seeds.

Grazinglands:
Highly degraded;
Extremely low
production of forage

and fuel wood.

Entireinteractive D & D processis shown in Fig.3.1.

Pre-Project D & D Mid-Project D & D Pre-ExtensionD & D ExtensionD & D
Observation Trial Observation Trid
Design Diagnosis Design Diagnosis  Design Diagnosis Design Diagnosis

S . S

InitiateR & D

Refine Prototype

Assess R eplicability

Fig.3.1: Entireinteractive D & D process

Extended & Adapted

Thus, D & D exercise is acontinuous process, which is done time and again to
develop and implement a perfectly designed agroforestry project in atarget area.



3.25 You Can Do It

You can carry out aD & D exercise on your own up to technology design stage.
Sdect asmdl villagein your locdity and vigitit. During thefirst vist, interact with
villagers and gather information about village population (human and livestock),
land under agriculture, crops cultivated by villagers, trees growing on crop lands
and farm bunds and at and around households, economy of farmers, fodder
availability (from trees and crops), fuel wood sources, etc. After the first visit,
arrange the information in a note sheet under the heading ‘ Pre-diagnostic Survey'.
The help of Panchayati Rgj Institutions can be sought for collection of relevant
data pertaining to the selected village.

During the second visit to the village, collect information about crops grown and
their productivity, fuel and fodder availability and requirement, source of drinking
water, etc. including the problems faced by them in growing crops, collecting fuel
wood and fodder and other problems relevant to their livestock rearing, etc. List
the problems and select three problems (i) related to food crop production,
(i) related to fuel wood resources and availability and (iii) related to fodder
resources and availability.

Sdect afarmer during the third visit and seek information pertaining to the problems
being faced in crop production and fud wood and fodder resources and availability.
Make arough sketch of the farm of selected farmer and show the tree species
and their location, location of farm pond/tube well/ hand pump/ any other water
source, if any, etc. Collect information regarding farm size, farmer’s livestock
wealth and family members. Based on data collected, devel op an agroforestry
land use project for optimum utilization of selected farm particularly for solving the
identified problems.

Check Your Progress 1
Note: @ Compare your answers with those given at the end of unit.
b) Use the space below for your answers.

1) Indicateif thefollowing statements are true or false by putting atick mark
(v') in relevant box.

True False

(@ Agroforestry hastwo main objectivesin broad

sense viz., productivity and sustainability. O O
(b) Diagnosis and development exerciseis

commonly referred toasD & D exercise. O O
() D & D exercise was developed as a

programme of ICFRE (Indian Council of

Forest Research & Education) in 1980s. O O
(d) D & D exercise consists of a series of

information and anadytica steps. O O
(&) D & D exercise starts with diagnostic stage. O O

(f) Diagnostic stage of D & D exercise
involves diagnogtic survey of selected systems. O O

Survey and Documentation of
Existing Practices (Practicals)
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2) (8 Writefour stagesof D & D exercisein sequence.

3) Fill inthe blank (s) with appropriate word ().
(& D & D methodology isderived from anaogy with medicinei.e, diagnods

should precede ........cccccuveueeneene :

(b) In D & D exercise ‘Design’ means development of appropriate
............................ approach.

(c) TheD & D exercise CONSIStS Of .......ccccvveveveernvennnn. stages involving
twelve steps.

(d) Identification of maor land use problems and potentialsis a step of
............................ stage of D & D exercise.

(€ D & D exerciseis carried out in .......cccveeeveecenrnnnne mode up to

maximum possible extent.

3.3 PARTICIPATORY RURAL APPRAISAL (PRA)
FOR CHOICE OF SPECIES AND NEED

D & D exerciseis conducted to identify agroforestry interventions required in a
particular set of farming systemsto enhance overall productivity and sustainability.
It starts with diagnosis of the problem and potentia of aparticular farming system
and ends up with agroforestry project planning and implementation involving a
series of steps. Participatory Rural Appraisal (PRA) for selection of tree or
woody species as per farmers’ needs has been used extensively in India to
understand and assess rural situations and plan for their development since mid
1990s. Two main important aspects of PRA are:

e emphasison participation of village peoplein their own devel opment;
and

e active and ongoing presence in adefined rural areanot as a“patron”
and “benefactor” but asa“catayst” and “ partner” in development.

PRA was developed primarily as an extension tool recognizing the weakness of
extension or development workers/specialists to prepare particular village
development plan as per their perception of needs of villages. In case of PRA,
extension/devel opment workers are still main actors; however they act more as



learners, conveners, catalysts and facilitatorsin order to ensure the whol ehearted
participation of rurd peopleininvestigation, anaysis and presentation, planning
and the outcome. The D & D exercise developed by the World Agroforestry
Centre contains severa dements of PRA. Identification of appropriate agroforestry
tree pecies according to needs of villagersis the main focus of the PRA exercise.
Thefollowing procedure is followed:

3.3.1 Transect Analysis

The following steps are used:

find local people who are knowledgeable and willing to walk and help.
Discuss with them primarily about tree species growing on or around
crop fields, village common lands, around village ponds, streams, wells,
etc. and also discuss about soils, crops, etc. After that assign task to
them (who will do what?);

transect walk and observe, ask and listen the members of the team
(don't lecture); and

discuss with the team members about the use of tree species growing
here and there on transect route and also ask them what type of tree
species they would like to plant. Finally make atransect diagram with
the help of team members (Fig. 3.2).

The first hand information regarding tree species status in existing agroforestry
system of the village and preliminary information regarding choice of tree species
of villagersisthus obtained to fulfill their important needs.

| |
T ﬁ (4 ?h?f ./
Rocky e ﬂmﬂ Y Ll Jﬁ% /
Hilly Tréea+Graas Sand % i
Land AR dune Crop t';__‘} LG
: Habitation 8 T
Grazing iCrop Lands with with Valley |crep
Land trees aome pond  |Land
trees
Rocky Cravelly Sandy Sandy
Stony Land with Sanily Losn 3ol Seil Leam
1' some sand Seil
Crops Pearl millet, Cluater bean, Mung bean & Moth bean
Trees Khejari, Vilayati babool,Rohida;Desi babool,Kair etc.
Live Steck Cattle,Buffaloes, Goats & Sheep.
Poor Crop Preduction, Low fodder & fuel availabilty, Poor Livestock
Prebklem k i i
Production, Declining Tree Density
Water Ne irrigation, General Scaracity of Water,
| | | |

Fig.3.2: A geographical transect analysis of a village of arid Western Rajasthan

3.3.2 Mapping

In PRA, mapping of various aspects such as socid mapping, soil mapping, primary
resource mapping, watershed mapping, etc. is undertaken. Primary resource (land,
water, crop, tree resources etc.) mapping of the villageis required for selection

Survey and Documentation of
Existing Practices (Practicals)
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Agroforestry Systems of tree speciesfor agroforestry. Following procedure is adopted for the participatory
primary resource mapping:

e constitute ateam of villagers who know and are willing to share their
knowledge;

e choose a suitable place and medium; for ground, sticks, stones and
rangoli are required whereas pens, pencils, etc. for aplain large paper
shest;

e  get team membersto draw the natural resource map and assist themin
marking various natural resources of the village on the map. Do not
interfere or interrupt the team members while they are busy in drawing
the map except occasiondly wheniit is absolutdy essentia and encourage
correction/additions during mapping; and

e if map isdrawn on the ground, draw it on paper aso exactly in the
same manner with active participation of team members.

The resource map of the village provides dl the relevant information such astype
of agroforestry system and the fuel, fodder, timber, fruit, etc. tree species growing
in the system. It aso helps to assess the arrangement of tree species on the crop
lands (e.g., scattered trees on crop lands, trees on farm boundaries, trees on
village grazing lands, etc.). A participatory primary resource map isgiven in Fig.
3.3.
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INDEX
{r/ Streams (Rainfed) SC Village School
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Fig.3.3: Natural resource mapping of a village of arid Western Rajasthan

3.3.3 Seasonality Diagram

Seasonality diagrams can be used for obtaining pattern of rainfall, employment,
income and expenditure, debt, credit, food and nutrition, fuel wood production,
tree leaf fodder production, milk production, etc. However, fuel wood and |eaf
fodder production and yield of other tree products are the important aspects for
selection of tree species. Following procedure is used to prepare participatory
seasond diagram:

identify the people who are willing to share their knowledge about
women, men, children, landless, etc;

interact with them regarding the problems for which you want to develop
seasonality diagram is to be devel oped;

mark units on the ground/floor using stones, chalk or any other suitable
materid,;

determine duration for important aspects such as rainfdl, availability of
tree leaf fodder, fuel wood, and other tree productsand draw seasondity
diagram by using stones, seed, fruits, lengths of sticks, chalk, etc. After
preparing the diagram on the ground, draw exactly smilar one on the

paper.
enquire discuss and encourage analysis of the participants and do not

ingruct the participant at any point of time. While developing seasondlity
diagram, do not impose your calendar.

Survey and Documentation of
Existing Practices (Practicals)
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A participatory seasonal diagram (Fig. 3.4) would provide precise information
about fud wood and fodder (tree leaf fodder), collection time and their availability,
and also about other tree produce. This will ultimately help to determine the
choice of agroforestry tree species as per needs of the end usersi.e. the villagers.

Ranfall

Fuel Wood

Availabi
Trend

lity

Tree

Leaf Fodder

Availabi
Trend

lity

Fud

Wood Require-
ment Trend

Tree

Leaf Fodder
Requirement

Trend

Exuded

GumAvail-

ability

Month

Jan |Feb | Mar | Apr [May [June [July | Aug | Sep |Oct | Nov |Dec

Fig.3.4: Seasonality diagram and tree leaf fodder availability and requirement in a
village of arid western Rajasthan

3.3.4 Ranking and Scoring

Ranking or Matrix Ranking and scoring are most important PRA method for
selection of agroforestry species. This can aso be used for ranking items such as
crops, varieties, types, trees for fodder, treesfor fue wood, trees for timber, trees
for other products like, gum, fiber, etc. Following procedure is used for matrix
ranking:
e decidetheranking of fuel wood trees, fodder trees, horticultura trees,
etc. and discuss with well-informed villagers;

e  discuss with team members about positive and negative points of a
particul ar trees species,

e enumerate the criterion identified to rank or score each item. The score
can be used as per your choice. If there are only few items, set the
score out of 10, for afew more items set the score out of 5 and if there
are many items, you can set the score out of 3. The highest score will
indicate the most preferred; and

e undertakethis exercise with people representing different socia groups.

The villagers can identify most preferred agroforestry tree species by matrix
ranking and accordingly the plantation programme of the preferred species on
farmers’ fields, around farm boundaries, on village grazing lands, etc. may be
planned. A ‘matrix ranking’ exercise conducted at Bambore- Baorli Watershed
located at 39 km north-west of Jodhpur (Fig. 3.5) shows that ‘khejeri’ is most



preferred species for fodder and Angrezi babool for fuel wood followed by~ Survey and Documentation of
‘Anjan’ and ‘Ber’. Selection of species by villagers themsalves using above PRA  Existing Practices (Practicals)
methods |eads to successful agroforestry programmes.

PARTICULAR KHEJARI | ANGREZ DES |SRAELI ANJAN  |BER (Ziziphus
(Prosopis | BABOOL | BABOOL | BABOOL |(Hardwickia| Species)
Cineraria) [P.Juliflora)| (Acacia | (A.tortilis) binata)

nilotica)

Not agood fuel S

wood tree

Notagood | ... _ _ _

fodder tree

Pods are not

good as fodder

Does not allow
to grow crops

Not easy to U
collect fuel wood

Not easy to
collect or use as

fodder (Leaves/
Pods)

Treeleavesare . e
not preferred by
livestock

Will notpreferto | ...
grow on croplanch

Fig.3.5: Matrix ranking (Score out of 5. Each circle represents one point in the
score) of fuel wood and fodder tree species. Exercise conducted by villagers

in Bambore— Baorli watershed (Arid — Western Rajasthan)

3.35 You Can Do It

Conduct the exercise in the selected village for selection of tree species for non
agriculturd livelihood by using above PRA methods. First, develop rapport with
the villagers and sdlect key informants for accomplishing task of transect analysis,
primary resource mapping, seasonality diagram and matrix ranking. Inform the
villagers about your correct date and time of your next visit. Prepare your report
on the most preferred agroforestry tree species after anadyzing data gathered with
active participation of the villagers based on PRA methods.

Check Your Progress 2
Note: @ Compare your answers with those given at the end of unit.
b) Use the space below for your answers.
1) Fill up the blank(s) with appropriate words:
Q) FUlTOrmM Of PRA IS ..ottt st

b) PRA givesemphasison ........cccocevuvnnene. of village peopleintheir own
development.

c) Incaseof fue wood tree species seasondity diagram givesinformation
about ........ccceeennnne timeand.................... of fuel wood from existing

treesin village agroforestry system.

d) Rankingandscoringisaso referredtoas......coooevrnrreeeeenenenereresieienes 49
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2) Indicate the following statements are true or false by putting tick (v) in

relevant box.
True False

(@ Transect analysisisamethod of PRA. l O
(b) PRA mapping is done only as socia mapping. O O
() InPRA exercise, village communities are

involved to make their own devel opment plan. O O
(d) Matrix ranking gives the idea about seasonal

availability and demand of fuel wood and fodder. [ O
(e PRA exerciseisconducted by calling villagers

of selected village to research station. l O

3.4 SURVEY OF MULTIPURPOSE TREE
SPECIES (MPTS) AND THEIR USES

The term " agroforestry species’ usualy refers to woody species also known as
“multipurpose trees’ (MPT). Multipurpose trees and shrubs are referred to as
MPTS. MPTsin agroforestry include fuel wood species, fodder trees, fruit trees,
etc. Besides, MPTs, herbaceous species are equaly important in agroforestry. All
treesarein fact multipurpose; however, some are more multipurpose than others
in agroforestrry context. Multipurpose trees are those trees and shrubs which are
deliberately kept and managed for more than one preferred use, product, and/or
services in amultiple-output land use system. The terms fodder trees, fue wood
species, and sometimes fruit trees, represent important groups of MPTs (Nair
1993; Huxley 1999). On the basis of their use, MPTs. are briefly described as
under:

3.41 Fodder Tress

A large number of topicd trees and shrubs are traditionally known for their fodder
use. Singh (1982) reported several such species from India and Nepal. A state
of art account of “trub” (a collective name of trees and shrubs) speciesis given
by Le Houérou (1980), who suggested that technol ogies based on permanent
feed supply from fodder “trubs’ could transform pastord production systemsinto
settled agro pastoral systems. In India, tree leaf fodder is extensively used in
livestock husbandry.

In hot arid region of India especidly in Western Rgjasthan and parts of Gujrat and
Haryana, leaves of Prosopis cineraria and various species of Z. zizphus are
important source of fodder for livestock. In Indo-Gangetic plains of Centrd India,
leaves of Acacia catectu, Albizia amara, A. lebbek, A. procera, Morus alba,
Sesbania grandiflora and Ziziphus species are extensively used as livestock
fodder. Pods of Acacia nilotica are also used as fodder in many parts of India.
In different parts of the country, different woody species are used as sources of
leaf fodder which are generally very nutritious.

3.4.2 Fuel Wood Trees

Like fodder tree species, alarge number of tree/shrub species have been identified
as fuel wood crops. In agroforestry, fuel wood or fire wood trees refer to woody
perennials suitable for deliberate cultivation to provide fuel wood for cooking,




heating and lightening. Fuel wood even at present isthe major source of fud in
villages of our country. Even in urban areas, fuel wood is used for cooking by
large number of people. A large number of tree species are used as fuel wood
species. U.S. National Academy of Sciences hasidentified 1200 speciesin the
world as fuel wood species out of which 700 have been given top ranking based
on their potential value or importance.

3.4.3 Fruit Trees

Thetraditiona farming systems of many countries often include severd fruit trees.
These are common components in most home gardens and mixed agroforestry
systems and are a so integrated with arable crops in one form or other. In home
gardens of Kerala state, coconut trees, cashew-nut trees, banana, etc. are generally
found with rice crop and other economic taxa. Peach, guava, prunus and other
fruit trees are found on terrace boundaries in western Himaaya (terraced land is
used for arable crop farming). Fruit trees are one of the most promising groups
of agroforestry species based on the biological and socio-economic attributes of
fruit trees and their role in agroforestry systems (Nair 1993).

3.44 Other Woody Perennials

Agroforestry mainly constitutes about 50-60 tree and shrub species. However, in
many deveoping countries, rura population derives asignificant part of their food
and other basic needs from various indigenous trees and shrubs that are seldom
cultivated. Many of these species occur naturaly in forest environments without
making effortsfor their domestication, improvement, or exploitation. A vast mgority
of such species, however, are quite restricted in their distribution and virtually
unknown outside their usual range. For instance, Ban oak (Quercus
leucotrichophora) in Uttarakhand and Himacha Pradesh Hima ayan ranges provide
excdlent fue and lesf fodder. Smilarly, Ziziphusrotundifolia, shrub speciesin arid
and semi-arid regions of India has tremendous potentid to supply fuel wood, |eaf
fodder and fruits (for human consumption). However, their agroforestry valueis
never acknowledged. There are numerous such tree species which require scientific
attention from agroforestry point of view. Table 3.2 shows relationship of various
attributes of MPTswith their performance in agroforestry system.

Table 3.2: Relationship of VariousAttributes of MPTswith Performancein

Agroforestry Systems

Treeattributes Performance in Agroforestry Systems

Height Ease of harvesting leaf, fruit and branch wood.

Stem form Suitability for timber, posts and poles, shading
effect.

Crown architecture Quantity of leaf and fruit production, shading, wind
effect.

Multi-stemmed habit Fuel wood and pole production.

Rooting pattern (deep or Competitiveness with other components, particularly

shallow, spreading) resource sharing with crops.

Physical and chemical composition| Fodder.

of leaves

Thorniness Suitability for barriers.

Response to pruning and cutting | Use in alley farming, lopping and copping.

Possibility of nitrogen fixation For soil enrichment, planted fallows, rotational
systems.

Survey and Documentation of
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Agroforestry Systems 345 Procedure for Survey of Multipurpose Tree Species
Shrub Species (MPTYS)

Identify MPTS species by arapid survey in a nearby village by including the
followingitems

e nameand location of village;

e climate- temperature, rainfal, etc.;

e common tree species growing in the village;

e common shrub species found in the village; and

e  trees/shrubs growing on crop fields or out-side crop fields.

Besides the above information, obtain the following information from villagers
about each specie:

(& Main use of the species (fodder, fuel wood, timber, gum production,
etc.).

(b) Location where the species are found (crop fields or farm bunds or
village grazing lands or on al the location of village).

(c) If species are used for two or more purposes like, fuel wood, |eaf
fodder, minor timber, etc., rank (score) them according to priority of
use (For example, Acacia nilotica in Indo-Gangetic Plains will have
the priority as: Fuel < Timber < Fodder).

(d) Develop asummary Table of MPTS and their uses.

Species Common Name | Use (9)

Acacia nilotica Babood Fu (7); T (6); Fo (3)*
Azadirachtaindica Neem M (8); Fu(5); T (5); Fo(4)
Dalbergia sissoo Shisham T(9); F(2 Fo (1
Mangifera indica Aam Fr (10); T (5)

Prosopis cineraria Khgari Fo (10); Fu (8); Fr (5
Prosopisjuliflora Angrezi babool Fu (10); Fo (4)*
Tectona gravdis Teak T (10)

Zizphus manuritiana Ber Fr (8); Fo (8); Fu (3)

Fu =Fuel; T = Timber; Fo = Fodder (leaf); Fr = Fruit; M = Medicine
*Pods are used as fodder.

Scoring for each use is out of ten. Higher the score, more is the value of the
speciesfor particular use.

346 You Can Do It

The survey of MPTS is undertaken following the above procedure. Scoring

59 indicates the most prominent and secondary use of the particular MPTS. For



scoring, own criterion can be devised. However, the criterion should provide the
clear insight into various uses of MPTS.

Check Your Progress 3

Note: @ Compare your answers with those given at the end of unit.
b) Use the space below for your answers.

1) Fill inthe blank (s) with appropriate words.

(@ Multipurpose trees and shrubs are commonly represented as

(b) Collective namefor treeand shrub is..........cccceeveeeeneee.

() US National Academy of Sciences has identified ...........c..ccceenenee.
tree species as fuel wood species over the world.

(o) forms the chief source of fire energy in
villages of India.

() Treeand shrub species having thorns are suitablefor ..........cccoeeneee.

(f) Homegardenshave.........cccccoevrveererenrenennen. species as most common
component.

3.5 INDIGENOUSAGROFORESTRY SYSTEMS,
INDIGENOUSKNOWLEDGE,
SHELTERBELTSAND AQUAFORESTRY

This section deals with some examples of indigenous or traditional agroforestry
systems and abouit traditional knowledge of farmersin context of managing such
systems. In Thar desert of arid western Rgjasthan, an age old tradition of growing
pearl millet (Bajra) under the canopies of Prosopis cineraria trees commonly
known as ‘khejari’ is practiced. The density of khejari trees on farmers’ fields
varies from 5-8 to high as 40-50 trees/ha. Khejari trees support good growth of
pearl millet and a large number of grass species (Narain and Tewari 2005).
Zizphus nummularia (Thar Ber), Azadirachta indica (Neem), Salavdora spp.
(Jal) and Acacia species (Babul) are other beneficial multipurpose trees and
shrubs used in arid western Rajasthan.

In fact, in fragile ecosystems of arid western Rajasthan, agriculture alone cannot
be a dependabl e enterprise, hence desert dwellers with their traditional wisdom
areintegrating trees into crop fields since time immemorid to ensure stability and
generate assured income. As most of the trees are drought resistance, they provide
fuel, fodder and other products, when arable crops fail due to recurring droughts
or low rainfdl in the region.

In central Himalayan region, Uttarakhand, indigenous agroforestry has been
practiced for avery long time. However, the structure of thistraditiona agroforestry
system is more than simple combination of woody and herbaceum components
on same unit of land. It includes interaction among three components: (i) crop
fields, (ii) trees (fuel, fodder and fruit trees) in and around crop fields and (iii)
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natural forests and community forests around the village. Some of the common
tree species grown by villages on crop lands are Grewia optiva, Quercu
leucotrichophora, Bacilinia varigata, Ficus roxiburghii, Bohmeria regulose
and Toone ciliata (fuel, leaf fodder and timber yielding species), and Prunus
persisa, Pyrus communis, Citrus lemon, Pnums malus, Psidium guagava,
etc. (fruit pedies). Naturd and community forests play asignificant rolein functioning
of thiskind of agroforestry systems.

In Indo-Gangetic Plain, farmers practice agroforestry in many forms. In indigenous
agroforestry systems of this vast tract, Acacia nilotica (Babul), A. catcchu
(khair), Albizz amara (kalagris), Albizia lebbek (Des siris), Azadirachta indica
(Neem), Bombax cieba (Semal), Emblica officinalis (Amla), Moringa oleifera
(Sahjan), Syzygium cumini (Jamun), Ziziphus mouritiana (Ber), etc. growing on
and around the crop lands are found. However, density of treesin thisregion is
very low as compared to arid western Rajasthan and Uttarakhand. These trees
are mainly used for fodder and minor timber purposes.

A uniqgue type of indigenous agroforestry system known as ‘home garden’ is
found in Kerala. In fact, home gardens have along tradition in many tropical
countries. These gardens are planted and maintained by members of the households
and their products are used primarily for their consumption. Though home gardens
are very small in size but species diversity is very high. Plantation crops like
coconut, Areca catcclu etc. form the top layer of canopy whereas, trees of
banana, guava, yam papaya, etc. are generally grown in the second layer with the
lower most layer dominated by different vegetables and medicina plants. Rice
and other crops are taken as ground layer crops. Poultry, fish, sheep and cattle
farming isalso practiced in home gardens (i.e., in same unit of land). Thus, it is
avery complex indigenous agroforestry system providing large number of products.
Shifting cultivation practiced in north-eastern region of India, and Tungiyacultivation
(discussed in Unit 1) in north-eastern region, foot hills of Uttarakhand and Tarai
region of U.P. and Bihar are a so indigenous agroforestry systems. Evolution of
such traditiona or indigenous agroforestry systems in the country is governed by
edaphoclimatic and socio-economic situation of particular region.

These systems are managed by the traditional knowledge which is quite refined
asit has been in practice for a very long time. The farming communities are
familiar with the art of managing such systemsfor higher production in time and
Space.

There are two unique agroforestry practices, shelterbelts of arid western Rgjasthan
and aguaforestry. Planting multipurpose trees around the crop fieldsisan age old
practice in arid Western Rgjasthan. As average wind speed is very high during
summer season (20-30 km/hour with high of 80-100 km/hour) resulting in dust
storms and consequent severe wind erosion. The trees on farm bunds provide
some degree of protection to crop lands from soil erosion due to high wind
speed. Shdlterbelts are smply the rows of trees planted againgt the wind direction.
Commonly three rows of trees are planted in a staggered manner so that some
wind can pass through the shelterbelt aso, which is essential to provide wind
sability to trees. In three rows shdterbelt, middle row conssts of fast growing tall



trees like Acacia tortilis, Azadirachta indica, Albizzia species and in outer
rows short stature trees or shrub species are grown so that a fully developed
shelterbelt has pyramidal architecture. Such pyramida shape of shelterbelt isthe
most effective against wind erosion. The most common species used in sSide rows
are Prosopis juliflora, P. chilensis, P. alba, Capparis deciduas, Perkinsonia
aculata, etc. Three rows shelterbelt helpsin checking wind erosion up to a
distance of 20 H (H = height of shelterbelt) which meansthat if the height of
trees of central row of shelterbelt is 15 m, the soil erosion can be controlled up
to adistance of 15 x 20 = 300 m. Such a shelterbelt has been successfully used
along cana banks Indira Gandhi Nahar Pariyogana (IGNP) in western Rgjasthan.

Aquaforestry isaso akind of agroforestry practice wherein trees are grown all
around the fish ponds. The tree leaves not only provide feed for fish but also
improve microclimate to help in boosting fish production.

Check Your Progress 4

Note: @ Compare your answers with those given at the end of unit.
b) Use the space below for your answers.

1) Indicatetrue or false by putting tick (v') in relevant box.

True False

(@ Traditional agroforestry system practiced
by the farmersis aso known as indigenous
agroforestry system. O O

(b) Inarid western Rgjasthan, Syzygium cumini
IS the most common tree species of
traditiona agroforestry system. O O

(¢) Forestsinand around villages also forms a
component of traditional agroforestry system

of Uttarakhand Himalayan region. O O
(d) Home gardens are commonly found in

Punjab state. O O
() Shelterbdtshelp in reducing theintensity of

wind erosion. O O

(f) Growing treesfor fish forage around fish ponds

isknown as aqua forestry. O O
(@9 Coconut isaforest tree crop. l I
(h) Shifting cultivation isakind of indigenous or

traditiona agroforestry system. O O

3.6 CONCEPT OF NATURAL RESOURCE
SURVEY AND ECONOMICS

3.6.1 Concept of Natural Resource Survey

Natural resource survey approach is considered for natural resource planning,
management and devel opment. The naturd resource survey includes collection of
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information and developing a data base on landforms, soils, surface and
groundwater, present land use, vegetation, etc. In context of agroforestry, natural
resource surveys involve collection of information on extent of ditribution, structure
and production function of agroforestry systems of different agro-ecological/agro-
climatic zones or particular area. Natural resource survey is a prerequisite for
natural resource management aiming at efficient and sustainable utilization of
renewable and non-renewable natural resources. In context of agroforestry, natura
resource survey refersto inventory of biophysical resources which are essential
for production of food, feed, fiber, fuel, minor timber, other products of economic
importance like gums, fruits, etc. Natural resource of interest includes al those
affected by production process (e.g., soil, water, biodiversity, fish, livestock and
forest).

Diverse ecosystem services generated through ecosystems’ functions, therefore,
provide various economic, environmenta and socio-cultura benefits and valuesto
people. deGroot et. al. (2002) developed a typology for the classification of
ecosystem functions and services. Although this typology is meant for natural
ecosystems, it can be adapted to use in agroforestry system survey to understand
the functioning of natural resources involved in evolution of particular kind of
system. Such anatura resource survey includes following functions of a particular
agroforestry system:

e  production;

e regulaory services,

e habitat; and

e socio-culturd (information) service.

Production of food and raw materia is a mgjor function of any agroforestry
system that includes food, feed, fud, raw materials, medicines, etc. Theregulatory
sarvicesrelate to role of agroforestry systemsin maintenance of essential ecologica
processes and life support systems. Such regulatory services influence and regulate
climate change (e.g. through carbon sequestration), water flows (runoff and river
discharges) and protect soils from erasion, water supply through filtering, retention
and storage of fresh water (e.g. check dams, anicuts, etc.); soil formation through
decomposition of organic matter; nutrient regulation through storage and recycling
of nutrients, etc. The habitat functions indicate the useful services provided by
agroforestry systemsin terms of habitats. It is difficult to develop indicators for
survey of this function. However, the habitat function as number of speciesin
given habitat, micro-climate improvement of habitat by woody component of
agroforestry system, etc. has to be clearly understood. Agroforestry systems
provide socio-cultural services like aesthetic information (attractive landscape),
recreational activity (e.g. agro-tourism), etc. to the community as awhole.

A genera approach to natural resource survey involves stage by stage information
collection, assessment and interpretation. The following successive steps would
belogica ideal sequence for such survey.

e Regiond reconnaissance survey includes (a) sesgmentation of region into
areas with distinctive natural resource characteristics, (b) preliminary
technical interpretation of these resource factors and (c) selection of
those areas with most promising combination of resource factors.

e Post-reconnaissance activities include (@) more detailed survey in
promising areas selected by reconnai ssance survey, (b) assessment of



socia and economic feasibility for a particular R & D programme (in Survey and Documentation of
present case type of agroforestry practices needed and (c) moredetailed  EXisting Practices(Practicals)
examination for precise planning of theimplementation of aparticular R

& D project.

3.6.2 Economic Consideration

Economic considerations are most important to determine the feasibility of
agroforestry to the land user. Agroforestry analysis for long term characterization
should address five mgjor points:

(& Doesthe system under evauation make the best use of available resources?

(b) Inevent of commencement, would availablefinancia resources of land user
permit completion of al the activities?

(c) Issystem technically feasible under prevalent labour constraint?
(d) Isthe system economicaly viable under given capita congraint of land user?

() What are the risks involved in establishment of a particular agroforestry
sysem?

Detailed economic analysis of agroforestry systems/practicesis a complicated
issue; however, simple benefit-cost calculation is enough for its understanding.
Following example of economics of traditional agroforestry system of western
Rajasthan by Narain and Tewari (2005) illustrates economics of agroforestry
systems.

Arid Western Rgjasthan supports avariety of traditiond or indigenous agroforestry
systems. As dready explained, the overal environmental conditions of theregion
are quite unfavourable for arable crop production with recurring droughts. Therefore,
farmers practice tree and crop combinationsin the region since timeimmemorid,
astreesprovide at least fuel, fodder and some minor tree produce like gums, etc.
even incase of complete crop failures. Table 3.3 illustrates simple economics of
traditional agroforestry systems of arid Western Rgjasthan.

Table 3.3: Economics of Traditional Agroforestry Systems

AF Systems | Expenditure Returns Gross Gross |NetReturn | NetB:C
(Reha) (Regha) Returns | B:CRatio| (R</ha) ratio
Crop Fud Leaf | (Rgha)
wood fodder
Prosopic 1850 4103 1230 870 34 4353 23
cineraria —
Acacia
nilotica
based
Prosopis 1550 3670 600 420 4690 30 3140 20
cineraria
based
Ziziphus 1550 1506 620 600 2726 18 1176 0.7
spp. based
Z. spp. — 1500 1400 500 50 2400 16 a0 06
P. cineraria-
Salvadora
spp. based

In fact, viability of agroforestry depends on the actual impact that it has on
farmers economic and physical well being. From the above example, you can 57
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anayze how tree produce substantially adds to farmers' income from traditiona
crops. Moreover, potential environmental benefits of agroforestry are immense
and their economic analysis require complex environmental impact assessment
methodol ogies which is beyond the scope of this unit.

Check Your Progress5

Note: @ Compare your answers with those given at the end of unit.
b) Use the space below for your answers.

1) Indicate the following statements are true or false by putting tick (v) in
relevant box.

True False

(& Natural resource survey is not carried out for
natura resource planning. O O

(b) Natura resource survey is pre-requisite for
natural resource management. O O

(9 Production of food and raw materia isa
magor function of any agroforestry system. l O

(d) For land user, economic consideration is not

important while devel oping any kind of

agroforestry system. O O
(¢) Economic andysisof agroforestry

includes risksinvolved in establishment
of aparticular agroforestry system. l O

2) Fill in the blanks with appropriate word(s).
a) Vegetation, soils and surface and groundwater are parts of ..................

b) Naturd resource survey in context of agroforestry system survey includes
.................. ) rerereereneesnsennnny seenenenenenennnne @0 SOCIO-CUltUral (information)

¢) Economic analysis of agroforestry system give major importance to
€CONOMIC ...ovveneenennne under given capital constraint of land users.

d) To understand the suitability of any agroforestry smple.................. :
............. ratio gives much needed information at first instance.

3.7 LET USSUM UP

e  Survey and documentation of existing agroforestry practicesinvolves number
of components and each component has its own importance.

e Diagnosis and Design (D & D) exercise developed by World Centre for
Agroforestry (formerly ICRAF), Nairobi, Kenyais an effective tool to survey
and document the existing agroforestry practices/systems and design new
projects or R & D programmes accordingly for the benefit of land users.

e D & D exerciseisdivided into four stages namely, prediagnostic stage,
diagnostic stage and technology design stage consisting of twelve steps.



Participatory rura gppraisal (PRA) for choice of speciesfor any agroforestry
system/practice provides an opportunity to the farmersto opt for the trees,
shrub and crop/grass species of their choice according to needs of
edaphoclimatic and socio-economic condition of the region/area.

Transect analysis, mapping, seasondity diagram and ranking and scoring are
four most important components of PRA used for selection of agroforestry
species. In PRA, the species are selected by the farmers themsel ves according
to their needs and such species perform better due to the application of best
avallableinputs and much needed protection. Seasondity diagramsand ranking
and scoring methods further refine the procedure for selection of agroforestry
species by the farmers.

Multipurpose tree species (MPTSs) or multipurpose trees and shrubs (MPTS)
are those trees and shrubs which are deliberately kept and managed for
more than one preferred use, product, and/or services in a multiple-output
land use system. The terms fodder trees, fuel wood species and sometimes
fruit trees, represent important groups of MPTSs.

Indigenous agroforestry systemsin different parts of the country are of immense
importance for different fodder, minor timber and other useful purposes.
Evolution of such traditiona or indigenous agroforestry systemsin the country
is governed by edaphoclimatic and socio-economic situation of particular
region.

Shdterbdts and aquaforestry are very useful agroforestry practices. Shdlterbelts
on farm bunds provide some degree of protection to crop lands from soil
erosion due to high wind speed. Aquaforestry refers to trees grown all
around the fish ponds which not only provide feed for fish but aso improve
microclimate to help in boosting fish production.

Natura resource survey for natural resource management refersto inventory
of biophysica resources such as soil, water, biodiversity, fish, livestock and
forest which are essential for production of food, feed, fiber, fuel, minor
timber, other products of economic importance like gums, fruits, etc.

3.8 KEYWORDS

Diagnosis and Design . A survey methodol ogy devel oped by World

Exercise Centre of Agroforestry to identify problems
followed by design and implementation of
an agroforestry project.

Edaphoclimatic Conditions . Related to soil and climatic conditions.

IndigenousAgroforestry . Traditional system of agroforestry practiced

System in an area or region conventionally since
ages.

Indigenous Traditional . Thetraditiona knowledge through which

Knowledge farmers manage tree and crop components

of agroforestry system. Such knowledgeis
discussed from one generation to next.

MPTS . Multipurpose Tree Species.
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MPTS . Multipurpose Trees and Shrubs
Natural Resource . Sail, Water, Vegetation, Landforms, etc.
PRA Participatory Rurd Apprisd which refersto

a kind of village resource appraisal
undertaken by the farmers of the village
without any interference of others.

Survey . Surveying an areafor defined objectives.
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3.10 MODEL ANSWERSTO CHECK YOUR
PROGRESS

Check Your Progress 1
1) (@ True (b) Fase; (c) False; (d) True; (e) True; (f) True

2) (8 (i) Predignostic stage; (ii) Diagnostic stage; (iii) Technology design stage;
(iv) Follow- up planning stage

(b) (i) sdectionof candidatetechnologiesfor incdlusonin design; (ii) synthesis
of genera design concept for an improved land use system and
(iii) evauation and refinement of proposed design.

3) (a) treatment; (b) agroforestry; (c) four; (d) diagnostic ; (€) participatory.



Check Your Progress 2 Survey and Documentation of
Existing Practices (Practicals)
1) (a) Participatory Rurd Appraisd; (b) participation of village peoplefor their
own development (c) collection time and availahility; (d) matrix ranking.

2) (@ True; (b) False; (c) True; (d) True; (e) False

Check Your Progress 3

1) (@ MPTS; (b) Trub; (c) 1200; (d) Fuel wood; (e) barriers; (f) Fruit trees.
Check Your Progress 4

1) (@ True (b) FAse (c) True, (d) Fase (e) True (f) True; (g) Fase; (h) True
Check Your Progress 5

1) (@ Fase (b) True; (c) True; (d) False; (e) True

2) (@ Natural resources; (b) Production, regulatory services, habitat;
(c) Feasibility or viahility; (d) Benefit- Cost.
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