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PREFACE

The serious and effective study of several books, research papers, and other
pieces of material for agroforestry as a tool for environmental development is where
this book got its start. This effort aims to pre-set day-relevant questions in a user-
friendly, methodical manner that is more trustworthy. One of the main difficulties
facing society today is the pressure brought on by an expanding population and the
eventual constraints on the provision of food and forest-based services. As a result,
more land would need to be dedicated to farming and forested areas, which does not
seem practical given the prior arguments for the scarcity of land.

Agroforestry has been recognized as a beneficial alternative to pure cropping
or pure forest farming on agricultural lands in order to address the growing demands
of forest-based services while simultaneously sustaining the agricultural output and
sustainable basis. Different agroforestry models promoted and used by different
farmers have demonstrated their viability as a basis for improving the economy, the
environment, and all three. The problem of the quick depletion of natural resources
can also be avoided by adopting appropriate agroforestry concepts. The adoption of
agroforestry methods on one's property requires a detailed prescription and a
comprehensive set of activities. Integrated administration is a need since it entails
managing both crops and trees.

This book's goal is to educate readers on how agroforestry contributes to
environmental improvement and sustainable land usage. This should assist the
forestry student in achieving their objectives, we hope. We took care to eliminate
duplication and mistakes when compiling. If there is a mistake, it will be fixed in a
subsequent version.

Editors
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CHAPTER 1

THE SIGNIFICANT ROLE OF TREES IN FOOD SECURITY

Ajay Kumar Shah, Anil Kumar Kori, Atul Singh and Vijay Bagare
Department of Forestry, JNKVV, Jabalpur

Abstract:

Trees can provide cover, food, energy, medicine, cash, unrefined components for
specialty foods, food and garbage, and resources to fulfill social obligations. Wild leaves,
whether fresh or dried, regularly accompany basic muesli dishes. They add flavor, minerals and
nutritional supplements to staple foods. A key advantage of agroforestry is that wood production
occurs where people live and also given a sound food material for consumption. The food
material obtained from trees ensuring to malnutrition and food security.

Keyword: Agroforestry, Energy source, Nutrition, Shelter and Fodder

Introduction:

Products and services derived from Agroforestry systems under Agroforestry practices
contribute numerous things and organizations. The trees grown under agroforestry can provide
cover, food, energy, medicine, cash, unrefined components for specialties, food and scavenging,
and resources to fulfill social obligations. Trees used in Agroforestry structures can also provide
a variety of services, such as helping to increase soil fertility for crop production and acting as a
form of investment and saving this product and services summarized in Table 1.

Food and nutrition

The various frameworks of traditional Indian agriculture have been developed to grow
various staple crops, although they typically produce low yields per unit area. Abandoned areas,
savannahs and forests provided an additional mix of green and edible foods. Young people used
to eat these everyday products, nuts, etc. while collecting oxen, but today they rely mainly on
local foods. This scope of countless regular local items that were kids' top choices are not
currently available to teens or adults.

However, misery undoubtedly prevailed among standard plant structures, and the
nutritional benefits gained by opening up a wide mix of trees and crops have been lost in modern
times. This unfavorable result of “progress” has been largely offset by the introduction of
unprecedented natural elements, but at this point it is necessary to further supplement the
opinions supporting the expansion of agroforestry
Malnutrition: The main nutritional problems can be headed points are:

1. Low energy and protein consumption: People don't eat adequate food, things being what
they are. Food deficiencies are occasional in numerous areas, topping toward the finish of the
dry season and the start of the stormy season. A potential exceptional case is the avocado
which is high in fat and micronutrients and besides being eaten as a natural item can be used
as a substitute for margarine on bread.
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2. Dullness in the eating routine: An even eating routine is bound to be shifted. More critical,
the usage of different food assortments, even in little sums, deals with the sort of the staple
food and as such will overall form the overall use of the staple food sources (Officer
administration and Food, FAO, 1989). The diminishing assortment of customary eating
regimens is emphatically connected to dietary inadequacies and food uncertainty.

3. Absence of vitamin A: Low levels of vitamin A can provoke partial or complete visual lack,
and young people who need, nutrient. An are more plausible than sound children to pass on
from powerful contaminations. Yellow food sources developed from the beginning, well as
faint green leaves, are incredible wellsprings of this supplement. Lack of vitamin A can be
exacerbated by an eating regimen inadequate in zinc, protein, and fats, all of which help in
the retention and usage of the nutrient. Nuts and oil seeds, despite verdant food sources, help
to meet this healthy difficulty.

4. Low degrees of riboflavin (vitamin B): Another supplement related issue that causes skin
and eye issues is riboflavin lack. Many tree food sources, especially leaves, are extraordinary
wellsprings of this supplement, and wild verdant vegetables have now and again been found
to have essentially higher riboflavin contents than created varieties. This need isn't
commonly a basic ailment in India.

5. Iron and iodine insufficiency: The development of hemoglobin requires iron. Sickliness is a
significant medical problem in many pieces of eastern Africa brought about by low iron
admission. Iron is tracked down in a great deal of backwoods food sources. An absence of
iodine can prompt difficult disease. Bringing in groceries filled in regions where there is no
iodine lack and iodizing salt supplies can forestall the inadequacy. Moreover, supplies of
medicine and energy are clearly huge for the prosperity and general success of people.

Table 1.1 Products and services obtained from agroforestry:

Food Energy

+ Expanded measures of food + Expanded fuelwood supply

+ An all year supply of food * Better-quality fuelwood

« Better-quality food » Less expensive and more advantageous
fuelwood sources

Cover, structures Medication

+ Building materials * Preventive (to keep up with wellbeing)

* Shade * Therapeutic (to treat illnesses or wounds)

* Protection from wind  Veterinary medication

* Protection from animals Natural substances for specialty and cottage

» Marking of boundaries industry

Fodder and forage » An expanded stockpile of materials

« Essential feed » New kinds of material

Strengthening feed




Environment Improvement through Various Agroforestry System

(ISBN: 978-93-88901-95-6)

Cash pay, reserve funds and venture

* Business (cash profit)

« Offer of items (cash profit)

» Replacement of own items for bought
things (less money spent)

* Trade of items for different merchandise
(less money spent)

» New types of saving and speculation

» More prominent productivity or security
of  existing funds  and
speculation

reserve

Assets to meet social commitments
* New or further developed wellspring of
help for social commitments

Preservation of soil water and plant assets

» Expanded measures of water for plant
development, homegrown use and animals.

» Worked on occasional accessibility of water

* Insurance of soil from disintegration and

loss of supplements

Rebuilding of corrupted soils

Improvement of soil dampness and richness

Support or expansion in species and natural

surroundings variety

» Replacement of ranch tree items for over-
utilization of forests for fuel and different
things

* Further developed conditions for regular
recovery of most advantageous species

Eatable pieces of trees those given nutrition:

Wild leaves, either new or dried, constantly go with staple grain dishes. They add flavor,
minerals and supplements to the staples. A couple of leaves in like manner have a high protein
content. Seeds and nuts are furthermore used in side dishes and sauces. Organic products are a
typical nibble food and an occasional wellspring of food. They are especially significant dry-
season and starvation period food sources. Some may be eaten unrefined as goodies, while others
require jumbled dealing with and in this manner are simply used amidst food lack. Some Acacia
species yield palatable gum, and the sap from various trees is used in various ways. The bark of
specific trees can in like manner be eaten. These enormous numbers of kinds of food give major
parts in the human eating routine. Following examples of trees and shrubs with edible parts that

are rich in vitamins, minerals, energy, protein or fat:

Vitamin A: Grewia spp., Mangifera indica,
Carica papaya.

Vitamin B (Riboflavin): Adansonia digitata
(fruit pulp and seed), Cajanus cajan.

Vitamin C: Adansonia digitata, Berchemia
discolor, Grewia tembensis, Sclerocarya
birrea (fruit),

Iron: Berchemia discolor, Greivia tembensis,
Grewia bicolor.

Phosphorus: Cordia sinensis,
indica (fruit  pulp),
Sclerocarya birrea (nut).
Calcium: Adansonia digitata, Grewia spp.,
Salvadora persica.

Tamarindus

Salvadora persica,

Energy: Tamarindus indica, Greivia spp.,
Cocos nucifera, Vitex doniana, Vitex payos.
Fat: Sclerocarya birrea, Cocos nucifera.

Protein: Grewia bicolor, Cordia sinensis,
Salvadora persica (if the whole fruit including
the seed is eaten)
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The role of food from trees in the diet:

Food from trees represents a supplementary, intermittent and emergency task for the
family's food supply. Expanding the taste of the staple food increases hunger. Gum Arabic,
which comes from the Senegalese acacia tree, strengthens nutrient binding and can help maintain
normal gastrointestinal greenness, is a food that increases nutrient retention. Perhaps the most
common use of tree food is as a treat. People who worked in the fields or looked after the cows
usually are natural products between dinners. Choosing snacks is particularly important for
teenagers because they have to eat more often than adults. Likewise, these wild natural products
could provide micronutrients that are essential for the proper development of children but may be
deficient in grain-based diets at home.

Trees and forests can provide essential amounts of food and fodder in times of hunger,
and this diversity of food can be useful in times when people have less energy to support their
nutritional status, analogous so long as during the high season in the countryside, can often be
more crucial. This use of arboreal food sources is particularly crucial in very dry regions where
periodic instability in food supplies can occur. In times of need, particularly droughts, famines
and wars, trees generally provided food. Trees also provide food that can be collected and sold.
Furthermore, the destruction of forest cover resources has led to a reduction in the openness and
data on these emergency food sources.

Some fruits that are eaten raw as snacks by people: Tamarindus indica, Zizyphus
mauritiana, Acacia Senegal, Acacia nubica, Ficus sp., Acacia tortilis
Agroforestry expansion and research corresponding to sustenance:

Nutrition can benefit enormously from expansion efforts aimed at keeping a large number
of animal species open to individuals. Children often have long days at school without much
food, so having lots of trees on the school grounds to provide them with various treats could help
them improve. Trees that provide tasteful accents should be left standing whenever the situation
permits, and there is an opportunity to plant more of these trees, which are both charming and
local, in homes, along borders and in less practical locations for cultivation. We need to grow
trees of different species so that we have a distinctive product to eat all year round. So far,
basically no research has been carried out to further create regular local element trees. There
would be room for further development of much better tasting varieties in large quantities that
match the way the typical, regularly prepared products are made. A basic requirement for this
type of work is ensuring the inherited resources. The farmers planted the orchard mainly for
commercial purposes, but he advises all farmers to plant fruit trees at least on a small scale
because children are very fond of fruits. Fruit trees can be planted along borders, on farms, or
along soil conservation structures.

There are numerous fruit trees that are important to cities: Tamarindus indica, Ziziphus
mauritiana, Acacia sp., Berchemia discolor, Grewia bicolor, Ficus sycomorus, Mimusops
fruticosa.
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An important food tree containing common foods that can be eaten raw or cooked. It’s
very delicate leaves are also ideal as a vegetable. Goats and oxen like the leaves and results of
the tree, and when the seeds pass through the animals, they are subsequently pre-treated and can
develop without any problems. People living in semi-arid areas rely on wild natural elements to
collect oxen. Some natural products can be dried and maintained for a surprisingly long time, in
cases up to three years. Others are ground and mixed with milk or blood and stored in gourds to
be used later as emergency food. Several trees become productive during drought and regularly
provide new products to shepherds, for example Ficus sycomorus.

Wood fuel and endeavors to lessen utilization:

The energy needs of the provincial population are predominantly met from these sources.
Among the audit's findings was that agroforestry practices have greater potential to curb fuel
shortages than other tree species and forest areas, according to leaders. A key advantage of
agroforestry is that wood production takes place where people live. Another extreme was that it
was necessary to encourage people to install additionally created stoves to reduce firewood
consumption. Since then, tremendous work has been done to both support the expansion of
biomass production and reduce fuelwood consumption and, as proactively noted, there are signs
that these initiatives are beginning to be productive.

The coconut is a tree whose parts are valuable. The trunk can be cut into wood and is also
split by ranchers to make roof purlins. As long as it is treated with motor oil, the handle can be
used for wall studs. The fronds (leaves) are used to make covering material (makuti) and also as
firewood. The young shoot borne by the flower is an excellent fuel, while the leaf covering the
flowering shoot becomes toy boats, which can also be purchased by travelers with regard to the
material mosaics. The young flower shoot is cut off and palm wine is made. The natural product
has the most uses no matter what. Coconut fiber is used as a filling material in chairs and chairs,
as well as a mechanism for developing tree cuttings. The oil is extracted from copra and the
coconut shell is used in the cutting industry to make hair clips and other items. The net-like
fibrous cover is used to make cutlery. The liquid elements that create a refreshing and
invigorating drink.

Most tree species can be used as fuel, but the quality can vary greatly. Some animal
species eat very quickly and have a low calorie value. Different types can produce strong
annoying smoke or be difficult to dry properly. For cooking, species are generally valued whose
heavy wood is consumed little by little with great intensity and little smoke. There are numerous
opportunities for developing trees on ranches to address fuelwood issues. Explicit suggestions
ought to be grown along with individuals of the areas concerned.

Fuelwood creation from Grevillea planted along limits:

Grevillea trees along the whole limit of the homestead. The trees are currently huge and
he pollards them consistently to lessen conceal on the yields and to collect fuel, building posts
for fencing and banana props. This multitude of items can be gathered from the pollarded
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branches and in the interim the boles are developing and will ultimately give wood. The family is
independent in fuel from the Grevillea trees.
Endeavors to diminish utilization of wood for fuel:

Metal charcoal-consuming stoves have featured in metropolitan Indian Kkitchens
producers when the new century turned over. In natural areas, the standard open three-stone fire
is at this point typical. During the latest twenty years much effort has been given to making and
spreading additionally created kinds of fuel-saving stove as well as practices that decline usage
of wood fuel.

Trees for shelter and other structures:
Construction:

One of the most common motivations for people in India to plant and grow trees is the
need for posts and wood for construction projects. Barely any local tree species create as straight
as a piece of the exotics, and subsequently these captivating species have become very renowned
for building materials.

Eucalyptus poles are frequently grown because of their straight growth, ease of splitting,
and reasonable durability. Notwithstanding, Eucalyptus has started to be progressively gotten rid
of by ranchers in certain areas where land is under a ton of strain in light of the fact that the trees
contend a lot with crops. In situations like these, Grevillea is frequently regarded as an
acceptable substitute. Grevillea partakes in the advantage of not being particularly relentless and
has wood that is suitable to cutting, hence it has a greater number of purposes than Eucalyptus.
Shaft creation:

The shafts are principally involved inside the homestead for house development. The
wood is hard and impervious to termites and bugs. Incidentally, neighbors come to purchase
posts, however he doesn't sell them consistently.

Aside from shafts, other valuable items got:
» Wood for apparatus handles
« Wood for winding around and conventional seats (the wood is handily adapted to various
shapes whenever warmed)
» Wood for cutting conventional three-legged stools
« Wood for entryways
+ Great quality kindling that can be utilized following cutting and ignites with little smoke
Passes on to enclose home grown medication by
Shade: Trees provide fur for humans and pets. The coverage allocations of different tree species
are critical in determining the limits of your claim in light of different objections. Trees that
provide plenty of year-round shade are attractive in certain conditions, such as in homes and
gathering places. Under different conditions, a tree with less shade or a deciduous tree may
appear.
Wind-resistant protection: Strong breezes can cause damage to homes and crops. Strong breezes
often warn of a scene without trees, while these problems are rare in a room with many trees.

6
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Trees around homes and schools are not only vital to the safety of landscaping, but also
contribute to the microclimate and add to the unique beauty of the place.
Security from creatures: Trees or brambles planted as living fences can actually restrict the
development of dairy cows, thereby protecting properties and various places where the animals
should not be allowed. These fences can also protect animals, such as chickens, from flying
hunters.
Hedges made of Croton megalocarpus: Croton megalocarpus hedges are widespread. In many
cases this is done by planting the seeds directly. Some ranchers harvest firewood from it and use
the leaves to ripen bananas. Others trim it to form a beautiful fence. Truncated stems also
sometimes appear as gifts on support railings. Mature trees produce excellent charcoal and
firewood with high caloric value. Croton is often planted within a fence with various trees.
Lantana camara and Euphorbia tirucalli are the most common. To surpass the croton as
firewood, it will grow to a height where it will not compete with the roadside crops. Those
staying in the house complex can prepare a delicious 1.5 m high fence. The decorations can be
placed in the goat corner as bedding or used to ripen bananas. He assumes that the fence will
need to be prepared for main cutting after two seasons. The following benefits of Croton support:
* Keeps animals indoors and outdoors
* Guarantees the security of your home
* Provides protection against strong breezes and debris.
Stamping limits: Trees are often used to check extremely durable limits. Often certain species
are connected with this ability, for instance Croton megalocarpus and Commiphora
zimmermannii and Markhamia lutea.
Trees for medication: Traditional medicine is essential for people in most nation areas.
Permission to a wide collection of kinds of trees and shrubberies, as well as flavors, is,
subsequently, principal for the standard healers. Generally speaking, just few trees from every
species are expected to meet these prerequisites in a given region. Nonetheless, when positive
tree species become scant, they will more often than not be utilized excessively and may
ultimately bite the dust. On occasion the local people hold express convictions concerning the
trees that they use for drug for instance that laid out trees don't have comparative properties as
trees of comparable species growing ordinarily. Such convictions may, clearly, beat planting of
trees for medicine down. Pastoralists consistently have expansive data on trees that can expect a
section in veterinary drug.
Other products made from trees: There are different various aftereffects of trees which are of
direct use to people. Wood is used for farm imple-ments, boats, cutting, making furniture and
various things. For these purposes, tree species that are frequently unambiguous are preferred.
Ropes and tooth brushes can be made from bark and small twigs. Moringa oleifera, for example,
IS one species that contains synthetics that can help clean water.
Trees for some purposes: The farmer cultivates tobacco for cash and maize and beans for
subsistence on a 1.6-hectare farm. On one piece of the homestead he has more than 40 mature

7
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vigorously pollarded trees of various species developing scattered in his field. Furthermore, he
has some more modest Catha edulis and Melia azedarach trees. Disregarding such countless
trees, the maize is doing very well as and created different administration rehearses for the
various species to stay away from adverse consequences on the harvests. Melia volkensii is
pruned and prepared to develop straight for wood. Erythrina abyssinica is intensely pollarded,
empowering creation of fuelwood and leaves for mulching. The bark of Erythrina is utilized as
medication. From Ficus sycomorus he gets filaments for making crates along with kindling. A
portion of the animal categories found on ranch and their purposes are:

» Melia volkensii: Wood, fuelwood, organic products as grain for goats

« Erythrina abyssinica: Medicine, mulch, and fuelwood

* Ficus sycomorus: Fibers for fuelwood

* Olea europaea: Building shafts, medication

» Mururuku: Fuelwood, bee colonies
Trees for money, reserve funds and speculation: As is currently noted in numerous case
reports, trees play a significant role in the family's financial support. Organic products, wood,
and shafts are the most often exchanged merchandise for cash. Trees may in like manner
maintain plant and tamed creature’s creation, which furthermore adds to additional conspicuous
compensation from the estate. A standing stock of creating trees can similarly be a huge kind of
saving and hypothesis that can help with crossing years when the gather is poor, or help the
family with directing in the midst of financial crisis, for instance exactly when various young
people require resources for school charges. Trees are not open to development and may be a
favored kind of saving over keeping cash in records.
Farming and trees: The important role that trees can play in horticulture is crucial for growing
regions. Trees can aid protection of soil and water, update with ruining readiness and further
foster soil structure. Trees can in like manner help with holding sogginess and decrease wind
speeds subsequently add to higher gather yields. Of course, tree species that are unacceptable
relating to the harvests being created, or that are not administered in appropriate ways, can
similarly reduce yields essentially. As a result, a thorough understanding of the connections
between trees and crops is necessary for successful tree planting in growing regions.
Fodder trees:
Trees and livestock including beekeeping

Trees can support livestock production in many ways. The main direct benefits of trees
are as a source of:
e Primary feed where grass isscarce e Supplementary feed where grass is of poor quality
e Shade or when a protein supplement is required
e Medicinal substances e Materials for construction, e.g. materials for

fencing and boma.
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The presence of trained creatures is a significant part of the time a tangling factor for tree
creating. Animals eat young tree seedlings and prevent normal or planted regrowth. Post-collect
munching of fields is common in many locations. After the gather, the fields are as often as
possible opened with eating on a shared reason, and cows and goats are habitually permitted to
profit from anything that they find at such at such crucial times. In cropland where such practices
are set up, establishing new trees is testing.

Primary source of food: Grain from trees conventionally contains a fundamental feed focal
point for creatures in ASAL districts during the dry season. Then, reading might make up the
majority of the diet at that point. It is oftentimes imagined that animals touching on trees and
bushes demonstrates exorbitant land use. This is pretty much obvious. In locales with long dry
seasons, utilization of trees and hedges for grain is urgent, but it is, clearly, essential that the
stress on the vegetation doesn't outperform its long stretch conveying limit. Commonly, creatures
are the more immovably likely to tree grain the drier the district concerned.

Trees for fodder: The utilization of trees for food in their areas. The utilization of native trees
for grub in his space. Pollarding and cutting for grain are normal, and the main species are
Acacia. Extraordinary consideration is taken not to kill the tree. Instances of grub trees utilized
for jackasses and camels in his space are: Ziziphus mauritiana, Acacia albida, Acacia nubica,
Acacia tortilis, Salvadora persica, Cordia sinensis, and Acacia Senegal

Supplementary feed source: Ruminants need a good store of protein to have the choice to deal
with starch truly as they depend upon small scale animals for ingestion of the carb. With low
protein utilization these small scale living things can't recreate. This gets a handle on why
ruminants can "starve having recently eaten a lot". Green leaves essentially contain sugars,
proteins and minerals. Right when grass dries out during the dry season the protein content falls
rapidly and the result is that protein will be a limiting part in starch handling. Trees can remain
green throughout the dry season because of their deep roots. Additionally, tree leaves frequently
contain more protein than grass leaves. In this way, tree passes on have a huge impact to play in
trained creature’s sustenance during the dry season.

Not with standing tree leaves, animals enormously benefit from the protein found in
Acacia cases, a sort of tree. Gwynne (1969) found that during the dry season in Kenya seeds and
units of Acacia nilotica contain up to 60% of dry weight grub confirmation in dairy steers. In
high-likely regions, trees and bushes are turning out to be progressively significant as modest
strengthening feed. Leucaena and other leguminous shrub leaves are frequently used as
supplementary feed in dairy production. Notwithstanding, because of its high mimosine content,
Leucaena can cause balding. There are different ways to deal with vanquishing this issue, but the
most direct way is to guarantee that the degree of Leucana in the grub is kept fairly low. Pigs are
the most fragile animals in such manner, and they will simply get through a level of Leucaena of
up to 15% of the eating schedule. Leucaena should not make up more than 30% of the diet of
ruminants, unless the leaves are withered, in which case it may make up more.
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Everyday use of feed from leguminous brambles (Leucaena spp., Calliandra, Sesbania
spp., preferably in a blend) will increase milk yields by 10-20% differentiated and an eating
routine which is deficient in protein. If tree grub is inadequate, need should be given to cows a
month earlier and a month resulting to calving, and as a dry-season put something aside for all
stock, particularly sheep and steers. In meat creation, the weight gain will be extended by two to
numerous times with agreeable favorable dealing with. Among local trees, Ficus sycomorus and
Kigelia africana have been represented as being used for advantageous feed.

Veterinary practice: In remote areas where veterinary services are in their infancy, traditional
methods of obtaining medicines can be crucial to prevent infectious diseases. Several species are
used for these purposes and there are useful pharmacological substances that still need to be
detected, purified and evaluated, some of which can be used nearby for a long period of time at
this time.

Building materials: Animal keepers need wood to improve various breeding plans. The walls
are probably the most transparent among them. Fences often play an important role in land use
planning. Dairy cattle development can be hard to control without fencing, and trees and bushes
act as both live fences and dead fencing when chopped down. While dry prickly branches are
more predominant in ASAL regions, live fencing is significant in both high potential and ASAL
regions. Wall posts and wire are used more frequently to construct "dead" walls in areas where
this is more common. In the two cases things from trees are, clearly, basic. There are similarly
other eminent purposes for improvement materials from trees in regards to trained creatures
creation.

Beekeeping and trees: Honey and beeswax, the main side effects of beekeeping, are important
products that can increase both resources and income. Despite this quick result, continued honey
bee treatment results in a better harvest of adjacent crops. Bumblebees feed on flower remains
and nectar. These resources are not used by different creatures, so bumblebees do not disturb
different parts of the land use structure. Beekeeping doesn't take up much space and is a versatile
activity in terms of work. Bumblebees do not need ordinary thinking and work should be
conceivable if it has valuable open doors and excess energy. In other words, there are many good
places to keep bees.

Honey can be a food, a medicine, a cash income or used for blending. Since it is a sweet
honey, it is more nutritious than sugar and changes your diet plan. The honey market is excellent
in many counties and honey has phenomenal potential as an agricultural product. The three
countries that commonly transport honey around the world (Mexico, China and Argentina) are in
a situation where a huge beekeeping industry has emerged in these countries. African countries
therefore have an unprecedented opportunity to examine general data on this deeply rooted
practice in the interior of the country. Beeswax has many purposes also. The most prominent one
is for the collecting of candles. Beeswax can be put away in light of the fact that it doesn't
corrupt over the long haul and has a decent commodity market.
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Trees and environment:

Lately, there has been a great deal of discuss what trees mean for environment. Despite
critical assessment various huge issues stay aggravating. It is important to distinguish between
the role that trees can play in determining the environment in larger regions, called the
macroclimate, and the role they can play in influencing the environment in a specific area, called
the microclimate. The environment in which trees grow has significant impacts. Trees provide
shelter and lower the temperature. They also help control wrapping speed and maintain humidity
during short-term environmental exposures. This means that trees can play an important role in
shaping the microclimate.
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Abstract:

Nitrogen is available in different structures and it is likewise tracked down in rocks, soils,
silt, seas and living matter as well as Nitrogen gas includes around 78% of the world's
environment. Leguminous trees are mainly preferred as for the agroforestry trees, those are play
role in biogeochemical cycle that depicts the changes of nitrogen and nitrogen containing
intensifies in nature.  Nitrogen fixing plants are key constituents in numerous normal
environments on the planet. The selection criteria of NFTs are more important for utilization.
The NFTs in Agroforestry mechanisms in tropical districts is appealing as the need might have
arisen in the restoration of supplement exhausted soil.

Keyword: Nutrient cycle, leguminous trees, agroforestry, fertilizer etc.
Introduction:

Tropical Agroforestry frameworks are portrayed by extraordinary variety among and
inside tree species that are tracked down in differentiating organic, complex specialties in a range
from oversaw regular timberland to serious farmland creation. Various species and creation
frameworks have monstrous worth to networks that are subject to trees (in backwoods and
farmlands) and to neighborhood, public and global business sectors. The variety of species and
their remarkable natural attributes, and the great many scenes wherein tree species are found,
present significant difficulties in creating conventional models and standards for overseeing tree
assets actually. The absence of value tree germplasm, improper ranch the board rehearses and an
absence of market reconciliation imply that a great deal of the potential for further developing
occupations and the climate stay undiscovered.

Significant chances to work on the business of networks are being lost because of dangers
to regular and established populaces of tree remains, with insufficient reconciliation of trees into
feasible cultivating rehearses. Failing to meet expectations trees species that are coordinated in
rural scenes because of deficient methodologies for silvicultural/plant and hereditary
administration, bring about adverse consequence on job of networks. Likewise, under-interest in
the improvement, prioritization, training and more extensive development of all the higher worth
tree species will bring about unfortunate work advancement of cultivating networks.
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The presentation of trees that cooperatively fix climatic nitrogen is broadly recognized as
one of the most effective means to support the efficiency of agroecosystems through the
improvement of the dirt nitrogen balance, particularly in the jungles. In any case, not many
examination programs explicitly center on this theme. Very differed results have been acquired
on fixed-nitrogen enhancement of the dirt and utilization of this nitrogen to prepare yearly
intercrops. The N-fixing capability of tree species is many times low or restrained by ecological
limitations like dry spell, saltiness and overabundance mineral nitrogen or plant illnesses. The
advantageous microscopic organisms/have tree affiliation might actually be further developed
through plant biotechnology and hereditary designing examination. Advantageous nitrogen
obsession could likewise be upgraded by adjusting current rural practices. Nitrogen-fixing trees
can be intercropped with other yearly yields in different circumstances, for example fences,
hedge fallows and long haul turns. Such administration projects ought to be better coordinated in
provincial conditions through the advancement of multipurpose species delivering wood and
high-protein animal’s grain as well as eatable natural products or seeds (Galiana et al., 2004).
A summary of biological nitrogen fixation
Nitrogen
Nitrogen gas includes around 78% of the world's environment. Nitrogen is available in
different structures and it is likewise tracked down in rocks, soils, silt, seas and living matter.
Nitrogen is fundamental part of amino acids and proteins that form cell material and plant tissue.
It is additionally fundamental for the capability of other fundamental biochemical specialists
including chlorophyll, numerous catalysts, nucleic acids (DNA, RNA). Most microorganisms
and plants get nitrogen from the encompassing soil and water. Creatures get nitrogen from the
food they eat. Nitrogen is a significant plant supplement for plant development and harvest yield.
Plants lacking nitrogen show hindered development and yellowish leaves. Nitrogen is normally
accessible in three structures:
« Soil Humus (Natural Structure): Plants can't access and they are inaccessible for take-up
« Soil Supplements (In-natural Structure): Models incorporate NO, NO, NH, NH
 Barometrical Nitrogen (N)
Nitrogen cycle
It is the biogeochemical cycle that depicts the changes of nitrogen and nitrogen
containing intensifies in nature. The nitrogen cycle portrays the development of nitrogen through
the lithosphere, hydrosphere, biosphere and environment. It is the change of nitrogen from air
(air) to soil, plants, creature life and gets once again to air or soil through rot or denitrification.
Biological nitrogen fixation
All plants need somewhat a lot of nitrogen (N) for legitimate development and
improvement. Organic nitrogen obsession (BNF) is the term utilized for a cycle where nitrogen
gas (N) from the environment is integrated into the tissue of specific plants. Just a select
gathering of plants can get N along these lines, with the assistance of soil microorganisms.
Rhizobium microbes are mutualistic with specific plant species for example vegetables and they
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fill in root knobs and Frankia actinomycete additionally nodulate trees like Alnus, Casurarina,
and so forth to fix nitrogen. Azotobacter and Azospirillum are free living nitrogen fixing
microbes related with the establishing zone (the Rhizosphere) of plants. Blue green growth and
Clostridium are non-advantageous nitrogen Cyanobacteria are nitrogen fixers that additionally
fix carbon (these are photosynthetic).

Just prokaryotes show nitrogen obsession. These organic entities have the 'nif quality’
complex which makes the proteins, like nitrogenase chemical, utilized in nitrogen obsession.
Nitrogenase is a metalloprotein, protein subunits being joined with an iron, sulfur and
molybdenum complex. The response includes parting nitrogen gas atoms and adding hydrogen to
make smelling salts.

N2-2N-669 kJ
2N+8H*— 2NH3z+2H; +54 kJ

Although the process involves a number of complex biochemical reactions, it may be

summarized in a relatively simple way by the following equation:
N2+8H'+ 16ATP— 2 NH + 2H+ 16ADP+ 16 P

The condition above demonstrates that one particle of nitrogen gas (N2) consolidates with
eight hydrogen particles (otherwise called protons) (8H) to frame two atoms of smelling salts
(2NH3) and two particles of hydrogen gas (2H>). This response is directed by a catalyst known as
nitrogenase. The 16 atoms of ATP (ATP Adenosine Triphosphate, an energy putting away
compound) address the energy expected for the BNF response to happen. In biochemical terms
16 ATP addresses a somewhat enormous measure of plant energy. Hence, the course of BNF is
‘costly’ to the plant concerning energy utilization. The sun, by means of the course of
photosynthesis, is a definitive wellspring of this energy required for BNF. As alkali (NH3) is
framed, it is changed over completely to an amino corrosive like glutamine. The Nitrogen in
amino acids can be utilized by the plant to combine proteins for its development and
improvement.

Whose trees nitrogen fixing

Trees assume the significant and most prevailing parts in Agroforestry frameworks.
Fundamentally, the trees ideal to be consolidated in different Agroforestry frameworks are
known as the multipurpose trees (Mpt's). The term multipurpose tree (MPT) alludes to all woody
perennials that are intentionally developed to give more than one important to the creation as
well as administration capabilities (cover conceal, land manageability) of the land use framework
they carry out. Better accentuation is given which are native in nature and have the capacity to
fix barometrical nitrogen. Determination and the board of MPT's impact the progress of any
Agroforestry framework. The nitrogen fixing trees (NFTs) other than their 'N' fixing capacity
give protein rich foliage which can be utilized for grub and green manuring. In excess of 650 tree
species are known to fix nitrogen. Most trees utilized in Agroforestry develop generally rapidly,
while many additionally fix nitrogen for example numerous MPTs are quickly developing
nitrogen fixing trees (FGNFTS).
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Nitrogen fixing plants are key constituents in numerous normal environments on the
planet. They are the significant wellspring of all nitrogen that enters the nitrogen cycle in these
environments. Numerous nitrogen fixing plants are woody perennials, or nitrogen fixing trees
(NFTs), the majority of these being tracked down in the jungles. In mild regions, the nitrogen
fixers will generally be herbaceous. NFTs have been eliminated or decreased in most man-made
biological systems like horticultural, backwoods lands and metropolitan conditions. These
terrains require costly compound manure inputs to keep up with their efficiency. Man-created
frameworks can be improved by gaining and embracing from normal biological systems. For
instance, the renewed introduction of NFTS, with fitting administration, for example,
Agroforestry land use rehearses, can increment and support efficiency. No plant develops
without nitrogen, and numerous tropical soils have low supplies of this supplement. NFT's don't
rely entirely upon soil nitrogen, yet "fix" nitrogen through harmonious microorganisms that live
in root knobs and convert environmental nitrogen into a plant usable structure. This type of
nitrogen is known as "green fertilizer" and is a supplement that helps plants, for example, food
crops, to develop. There are two fundamental sorts of N-fixing frameworks tracked down in
trees, in light of two distinct harmonious microorganisms.

« Microorganisms of the sort Rhizobium immunize trees in the families Fabaceae and Ulmaceae
» Actinomycete of the class Frankia immunizes a few different families like Betulaceae,
asuarinaceae, and so on.

Helpful associations are the method of nature. Specifically, these microorganisms
(Frankia and Rhizobium) structure relationship with specific plants permitting them to fix
climatic nitrogen into a structure that plants can utilize. These spearheading plants can fill in
unfortunate soils, improving them with nitrogen and natural matter. This makes them entirely
important in fixing upset or harmed soils.

Table 2.1: Examles of Nitrogen Fixing Woody Actinorhizal Plants (NFTA 1989)

Family Genera

Betulaceae Alnus

Casuarinaceae AlloCasuarina, Casuarina, Gymnostoma

Coriariaceae Coriaria

Elaeagnaceae Elaeagnus, Hippophae, Shepherdia

Myricaceae Comptonia, Myrica

Rhamnaceae Ceanothus, Colletia, Descaria, Kentrothamnus, Retanilla,
Talguena, Trevoa

Rosaceae Cercocarpus, Chamaebatia, Cowania, Dryas, Purshia

The following significant gathering of woody plants partners with the microorganisms of
the class Rhizobium. There are 3 subfamilies of the family Fabaceae (Leguminosae). These
families are Papilionaceae, Mimosae and Caesalpiniaceae. Not every one of the trees in these
subfamilies are nitrogen-fixers. Among the Caesalpiniaceae, 23% are nitrogen fixers. For
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Mimosae, the figure is 90%, and for Papilionaceae, 97% are nitrogen-fixers. The Fabaceae
(Leguminosae), in any case, make up a greater part of the 650 famously known NFT species.
Table 2.2: Nitrogen fixing woody leguminous plants (NFTA 1989)

Sub-family | Species | Percentage Fixers Representative NFT Genera
Caesalpiniaceae| 1,900 23 Chamaecrista, Cordeauxia
Mimosae 2,800 90 Acacia, Albizia, Calliandra,

Enterolobium, Leucaena, Mimosa,
Paraserianthes, Pithecellobium, Prosopis
Papilionaceae 12,300 97 Cajanus, Dalbergia, Erythrina, Flemingia,
Gliricidia, Pterocarpus, Robinia,
Sesbania, Tephrosia

To quickly revegetate a harmed scene, it should be guaranteed to incorporate a lot of
these animal varieties to help rapidly develop the dirts. In areas of exceptionally dangerous soil,
for example, parched, tropical and subtropical districts, it is prescribed to make 90% of starting
planting of trees nitrogen fixing, trailblazer species (partner with either Frankia or Rhizobium),
and 10 percent of types of long haul overhang overstory species. At the point when the
framework arrives at development, the extents will be turned around with 10% nitrogen fixing,
support species and 90 percent covering species. A similar recipe could be followed for sticky
calm locales, yet the dirts here are not really delicate and can stand a lower level of nitrogen
fixers.

Fertilizer trees

The utilization of trees, particularly NFTs in Agroforestry and silvopastoral mechanisms,
IS getting impressive consideration late days. The utilization of NFTs in Agroforestry
mechanisms in tropical districts is appealing as the need might have arisen in the restoration of
supplement exhausted soil. Nitrogen fixing manure trees keep up with or further develop soils by
the cycles depicted beneath:

» Fixing air nitrogen and giving in plant accessible structure

» Profound supplement catch from sub-soils through roots

> Expansion of natural matter, nitrogen and different supplements to the dirt through leaf
fall
Expansion of nitrogen and different supplements to soil by rotting roots
Decrease in misfortunes from soil, prompting more shut cycling of natural matter and
supplements
Improvement of soil states of being
Improvement of soil synthetic circumstances

» Influencing soil natural cycles and conditions

The issues related with biological nitrogen fixation (BNF) estimations are considerably
more intricate with nitrogen fixing trees (NFTs) than with annuals due to generally to the size of
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trees and their possible nature. The useful hardships in gathering entire trees or of sensible non-
damaging examining, and in acquiring appropriate controls legitimate over seasons or years, are
difficult to survive, and hence numerous analysts have assessed BNF in youthful trees over brief
periods.
Selection of nitrogen fixing trees for agroforestry
Large numbers of the most significant Agroforestry trees are nitrogen fixing species.
Through a cooperative relationship with Rhizobium soil microorganisms or Frankia
actinomycete, these species can fix air nitrogen into a structure they can use for development.
This capacity empowers nitrogen fixing trees (NFTSs) to endure barren destinations and produce
different items without high contributions of counterfeit N manure. There are various qualities
that make NFT species especially important for Agroforestry. These include:
»  Quick development rate
Nitrogen fixing capacity
High biomass creation
Coppicing skill
Numerous utility
Capacity to get by in a dirt (Flexibility to poor and troublesome locales)
Simple proliferation
The capacity to contend with other vegetation Correlative tree design
Profound root foundation to draw water from more profound soil profile
Leaf concealing in summer to ration dampness Water restricting component
Resistance to saltiness and saline water, and alkalinity
Efficiency under continued gathering
High nutritive worth grubs and agreeableness to creatures
High calorific worth fuelwood
Nonappearance of harmful substances in foliage and root exudates (Allelopathy)
For a NFT to be useful, it should can make due and contend in the climatic and soil states
of the site being referred to. Moist zone species are not useful in bone-dry conditions; swamp
species are not useful in elevated locales. While proliferating NFTS, the site's ecological
circumstances ought to be coordinated with the natural prerequisites of expected species. Height,
mean Yyearly precipitation, length of yearly dry season, mean yearly temperature and soil
qualities are of specific significance. Numerous NFTs develop well on barren or troublesome
destinations. This capacity is important as most prolific soils are utilized for food crop creation,
leaving negligible or unfortunate soils for tree development.
Seed germination and seedling development of NFT trees ought to be moderately quick.
This will give a quick stockpile of domesticated animals feed and empower trees to rival other
vegetation. Contest between tree seedlings and previous grasses can be serious. In certain
circumstances, tree species can be unreasonably serious. Prior to acquainting another species
with an area, a little assessment preliminary must be laid out to decide its true capacity. On the
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off chance that the trees give indications of becoming weedy, early productive cultivating or root
grows, these oughts to be taken out before these issues happen.

Most nitrogen fixing trees give different items and administrations. They are established
on shapes to balance out soil, on limits as residing walls, with grasses and bushes to frame
different layer grain banks, or spread around the homestead where site qualities are excessively
poor to help food crops. In these frameworks, NFT trees might give feed, fuelwood, shafts,
wood, natural product or different items for home utilization and deal in nearby business sectors.
All the while, trees might diminish disintegration, restore soil, or act as ornamentals.

A last trademark expected of NFT trees is simplicity of spread. An animal varieties can't
outfit dependable amounts of items in the event that foundation is troublesome or drawn out.
NFT trees should deliver satisfactory supplies of reasonable seed, or be effortlessly spread by
vegetative strategies. Vegetative proliferation is tedious while laying out huge regions and just
down to earth with a predetermined number of trees.

Applications and planting nitrogen fixing trees in agroforestry:

Many NFTs are vital to jungle families in the province and provide various items and
administrations.

» Kindling and charcoal are the essential energy hotspots for very nearly 50% of the total
populace. Quickly developing, high thickness NFT's make great fuelwood and charcoal.
Numerous re-fledglings, or coppice, overwhelmingly subsequent to cutting, permitting
rehashed harvests without replanting.

» Grub to take care of animals is a consistent worry to numerous ranchers in non-
industrial nations. The exceptionally nutritious and absorbable leaves of some NFTs
make them incredible feed for creatures. The profoundly entering underlying foundations
of NFTs can reach withdrawing dampness and give new feed during dry seasons.

> Soil richness is basic to trim creation, however numerous asset unfortunate ranchers can't
bear the cost of compound manures. Leaves of numerous NFTs are high in nitrogen and
other plant supplements and can be a sustainable, free wellspring of manure.

» Wood and posts are required all around the world for house and other general
development. NFTs incorporate both quickly developing trees for harsh wood, and the
absolute most important extravagance lumbers on the planet.

» Human food is reaped from a few types of NFT in different regions of the planet, in
certain occasions providing significant occasional staples. Contingent upon neighborhood
requirements and inclinations, a wide range of establishing plans with NFT's can be used
yielding a wide assortment of items and staples (NFTA 1989).

» Living walls and supports safeguard crops from enormous nuisances like natural life,
homegrown creatures, and man, and are frequently overseen for fuel wood and grub
creation. Trees are organized thickly, or planted as wall posts, and managed regularly to
accomplish the ideal structure.

18



>

Environment Improvement through Various Agroforestry System
(ISBN: 978-93-88901-95-6)

Windbreaks are single or various columns of trees established on windward field limits.
Wind breaks assist with forestalling soil parching and yield optional tree items.
Predictable foliage conclusion is accomplished by picking trees with thick coverings and
by dealing with the overhang to empower horizontal fanning.
Rear entryway cultivating or hedgerow intercropping, is a work concentrated
administration framework which prompts significant harvest yield increments through
substituting lines of tree fences and harvests. Cut leaves and green twigs are integrated
into or laid on top of the dirt for numerous advantages of green manuring, soil and water
protection, and weed control. This training is effectively being presented on steep slanted
slopes utilizing a few NFT animal categories. Gliricidia, Leucaena and Calliandra are
significant tree species for back street trimming.
Shade and backing are achieved rapidly from quickly developing NFTs. Conceal is a
significant advantage in warm environments for certain yields, for example, cocao,
espresso, and tea, as well with respect to people and creatures. Living, soil-advancing
help is immediately settled for vining harvests like yarns, vanilla, and dark pepper.
Gliricidia sepium has been utilized for this multitude of purposes.
Feed banks are escalated plantings of grain plants divided to boost creation, and give a
cause of "cut and convey" grub. Numerous NFTs have leaves or units that are
exceptionally high in protein. Leucaena leucocephala is known as the "horse feed of the
jungles™ due to its broad use as grub.
Field improvement is accomplished through expanded grass creation, tree feed perused
straight by creatures, and shade; domesticated animals digest all the more productively
when shade is free. Acacia species are found all through the tropical touching grounds.
Home nurseries use NFTs for soil richness, as well with respect to consumable natural
products, leaves, or blossoms, and as therapeutic.
Woodlots planted with quickly developing NFT's can yield fast returns, particularly in
less useful region of the ranch. Coppicing (growing) trees are the types of decision,
especially for stands of fuel wood. Calliandra calothyrsus is a significant woodlot tree.
Further developed decrepit is most valuable in regions where cut and consume
agribusiness is polished. At the point when a field is depleted of its supplements from
concentrated development, NFTS can be planted for soil improvement, and hurry the
arrival of richness. Sesbania sesban is one of the most incredible species for worked on
decrepit framework.
Land recovery utilizing NFTs is ordinarily polished on dissolved mountainside,
depleted touching regions, ineffective mined regions, and for rise adjustment.

Nitrogen inputs and outputs in agroforestry
1 Nitrogen input

Trees can give nitrogen inputs in Agroforestry frameworks by two cycles:
A. Natural or Biological Nitrogen Obsession (BNF) and
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B. Profound supplement catch.

A. BNF is strategically hard to measure, generally yearly gauges are in the request for 150 kg N
for every hectare (Giller and Wilson 1991). Observational proof, like the presence of
dynamic knobs of leguminous types of the Papilionaceae and Mimosae families, show that
BNF can supply significant nitrogen contributions to crops by means of litter in soils that are
adequately very much provided with phosphorus. This is an unmistakable supplement input.
There is additionally adequate proof that non-fixing trees, including a few types of Cassia (as
of late renamed Senna), collect so a lot or more nitrogen in their leaves than nitrogen fixing
vegetables, probably due to their more prominent root volume and capacity to catch
supplements (Garrity and Mercado 1994). It is, in any case, critical to take note of that these
non fixing trees are cycling nitrogen, rather than adding contributions to the framework.

B. Profound supplement catch is the take-up of supplements by tree roots at profundities
where yield roots are absent. It very well may be considered an extra supplement input in
Agroforestry frameworks in light of the fact that such supplements are drained, all things
considered. They become a contribution on being moved to the dirt by means of ground
cover disintegration. The creators likewise found that Sesbania sesban fallows exhausted this
pool, hence catching an asset that was inaccessible to farming harvests particularly maize.
The wellspring of this nitrate pool is accepted to be the consequence of the mineralization of
dirt natural nitrogen, which is somewhat high in these dirts, trailed by the draining of nitrate
from dirt layers. The nitrate anions are then held in the earth by emphatically charged dirt
surfaces. What the trees have done, essentially, is to extend the volume of soil utilized by an
impressive sum.

2 Nitrogen output

A commonplace maize crop in smallholder African ranches yields under 1 ton for each

hectare of grain and requires a plant gathering of under 40 kg N for every hectare. A 4 ton for
every hectare maize crop requires 100 kg N for each hectare while a 7 ton crop requires 200 kg
N (Sanchez 1976). 66% of this nitrogen is collected in the grain and will be traded on gather. A
significant part of the rest of, in the stover, may not be cycled back to the soil since it is
habitually taken care of to domesticated animals outside the framework and compost is rarely
taken back to the field where the maize was developed. Different misfortunes through soil
disintegration, filtering and denitrification give a comparable nitrogen result to that of grain
collect evacuations (Smaling 1993). A negative yearly equilibrium of 112 kg N for every hectare
was determined in maize ranch by Smaling where nitrogen inputs totalled 55 kg and nitrogen
yields 167 kg for each hectare.
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Nitrogen fixing trees for agroforestry practices
Timber vyielding nfts: Acacia spp., | NFT's for tropical highlands: Alnus
Dalbergia spp., Pterocarpus spp., Casuarina | nepalensis, Albizia stipulata, Acacia mearnsii.
equisetifolia
Green manure Yyielding nfts: Sesbania | Fuelwood  vyielding  nfts: Leucaena
grandiflora, Sesbania sesban, Gliricidia | leucocephala, Acacia tortilis, Albizia lebbeck,
sepium, Leucaena leucocephala, Faidherbia | Calliandra spp., Casuarina equisetifolia,
albida, Acacia Senegal. Acacia tortilis, | Acacia auriculiformis, Acacia senegal,
Casuarina equisetifolia, Erythrina spp., Flemingia spp., Gliricidia sepium
Nfts for arid and semi-arid regions: | NFTs for humid and sub-humid regions:
Albizia lebbeck, Acacia tortilis, Acacia | Gliricidia sepium, Leucaena leucocephala,
senegal, Cassia siamea, Prosopis juliflora, | Mimosa scabrella, Albizia saman, Sesbania
Prosopis cineraria, Prosopis chilensis, | grandiflora, Sesbania sesban, Casuarina
Dalbergia sissoo equisetifolia, Acacia auriculiformis.
Forage yielding NFTs: Albizia amara, Albizia lebbeck, Albizia procera, Albizia saman,
Erythrina spp., Dalbergia sissoo, Leucaena leucocephala, Sesbania sesban, Sesbania
grandiflora, Sesbania aculeata, Gliricidia sepium, Acacia nilotica, Acacia tortilis, Acacia
senegal, Acacia auriculiformis, Prosopis cineraria, Prosopis juliflora

References:

Galiana, A., Bouillet, J. P., & Ganry, F. (2004). The importance of biological nitrogen fixation
by trees in agroforestry. In R. Serraj (Ed.), Symbiotic nitrogen fixation: Prospects for
enhanced application in tropical agriculture (pp. 185-199). Enfield: Science Publishers.

Garrity, D. P., & Mercado Jr, A. R. (1994). Reforestation through agroforestry: Smallholder
market-driven timber production on the frontier. In J. Raintree & H. Fernandez (Eds.),
Marketing multipurpose tree species in Asia.Bangkok: Winrock International.

Giller, K. E., & Wilson, K. F. (1991). Nitrogen fixation in tropical cropping systems.
Wallingford, UK: CABI.

NFTA. (1989). NFT Highlights: A quick guide to useful nitrogen-fixing trees from around the
world. Winrock. http://www.winrock.org/fnrm/factnet/factpub/FACTSH/WhyNFT.htm

Sanchez, P. A. (1976). Properties and Management of Soils in the Tropics. John Wiley: New
York, USA.

Smaling, E. (1993). An agro-ecological framework for integrating nutrient management, with
special reference to Kenya (Ph.D. Thesis). Agricultural University of Wageningen, the
Netherlands. (250 pages)

Virginia, R. A. (1986). Soil development under legume tree canopies. Forest Ecology and
Management, 16, 69-79.

21


http://www.winrock.org/fnrm/factnet/factpub/FACTSH/WhyNFT.htm

Bhumi Publishing, India

CHAPTER 3
RURAL DEVELOPMENT AND NON-WOOD FOREST PRODUCTION BY

AGROFORESTRY

Anjali Anand, Priya Rai, Anil Kumar Kori and Atul Singh
Department of Forestry, JNKVV, Jabalpur

Abstract:

Agroforestry as new tool use in engaging rural people for employment creation over the
year. The non-wood forest produce or non-timber forest produce are fulfilling the necessary
needs of houses and Wild species create business development seems to offer great
opportunities. Undoubtedly, the ranger service must find a solution to the depletion of wildlife
resources while supporting the creation of attractive NTFPs. the multipurpose tree (MPT) uses
under Agroforestry. Two significant qualities of MPT's are their capacity to create numerous
items, from at least one plant parts, and their capacity to give advantages and administrations that
might be theoretical however in any case ecologically critical. The agroforestry provides a
NTFPs those are obtaining under different model of agroforestry systems under different rural
area on the basis of physiological future of soil, interest of rural people and demand on rural
market made a agroforestry system and this resources of agroforestry have to potential for rural
development.

Keyword: NTFPs, MPTs, Agroforestry, Homegardens etc.
Introduction:

Agroforestry is a well-established practice followed by each provincial family for
supporting their neighborhood needs which likewise keeps up with the microclimate and tasteful.
Agroforestry centers around the great many trees developed on ranches and other rustic regions.
Among these are manure trees for land recovery, soil wellbeing and food security; organic
product trees for sustenance; grub trees for domesticated animals; lumber and energy trees for
sanctuary and fuel wood; restorative trees to fix illnesses and trees for minor items viz. gums,
tars, or plastic items.

A significant proportion of these trees are multi-purpose, which offers a number of
advantages. The logic of agroforestry is highlighted to increase the efficiency of regional unity
by pooling parts of trees in serious agricultural practices like agrisilviculture, agrihorticulture,
silvopastoral, agrisilvihorticulture, and so on. These practices overall applied to enormous
homestead property yet little land holders are keen on home garden type model which is most
crude and continued in by and large around the jungles (Leakey 1994). These home gardens
provide numerous non-wood substitutes like nuts, organic produce, leaves, threads, gums, colors,
flavors, medicinal plants etc.
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Cultivation of trees in combination with crops and domesticated animals is an ancient
practice. Agroforestry experiments vary significantly from country to country as ranchers adapt
to requirements and conditions. In India, most NTFPs are collected from forests and collection
and sale are done through state forest associations. With the reduction in forest cover and the ban
on collection and extraction of most products except tendu leaves, part of the TBO's such as salt,
mahua, karanj and neem, besides rubber, tar and willow, are mainly collected by FDCs.
captivating tribal image. Non-woody tree elements (NWTP) refer to elements arising from
individual tree species and exclude results from larger forest areas that are not determined by
trees. Non-timber is used in favor of unsawed wood, as lumber and firewood and poles are
prohibited.

Major role of agroforestry:

The Indian Public Farming Arrangement of 2000 underscored the job of Agroforestry for
effective supplement cycling, nitrogen obsession, natural matter expansion and further
developing waste. It additionally underlined the requirement for broadening by advancing
coordinated and comprehensive improvement of rainfed regions on watershed premise through
inclusion of local area to expand biomass creation through Agroforestry and ranch ranger
service. The Team on Greening India for Business Security and Reasonable Advancement of
Arranging Commission (2001) has likewise suggested that for supportable farming, Agroforestry
might be presented over an area of 14 million ha (M ha) out of 46 M ha inundated regions that
are corrupting because of soil disintegration, water logging and salinization. For incorporated
and comprehensive advancement of rainfed regions,

Agroforestry is to be polished over an area of 14 million ha out of 96 M ha rainfed
regions. This all will, other than guaranteeing biological and financial turn of events, give
occupation backing to around 350 million individuals. The act of Agroforestry can help in
accomplishing these objectives. Thusly in the mission of upgrading efficiency, the multi-level
framework approach appeared. Hole of interest and supply of woodland produce in India is
broadening and timberlands can't satisfy the interest (Chopra, 1993).

Agroforestry can play an important role in bridging this gap and protecting community
assets. Agroforestry is a “social forestry service” Their motivation is the economic turnaround.
The essays focus on meeting the financial, environmental and social needs of people on their
confidential lands. At the agricultural level, agroforestry is a set of practices that represent strong
monetary and conservation motivators for landowner uptake. Integrated into watersheds and
scenarios, agroforestry trials contribute to achieving local area/societal goals for more diverse,
resilient and economical land use frameworks.

Available data show that agroforestry can provide a wider range of ecological benefits
than traditional forms of annual crop development. In a current era of expanding horticultural
practices due to the unhealthy effects of monocultures and crop intensification, climate-smart
agroforestry trials for non-timber forest products and rural development for whole foods and
government retirement aid are increasing. In many parts of the world, this training is already
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being followed, but the methodological consolidation of agroforestry species and components
has not been followed so far. According to executives, NTFPs have slowly emerged as a
promising option compared to wood products in traditional forests. The extraction of NTFPs
from traditional forest areas is now also limited to combating abuse and hereditary disintegration.
Domestication and commercialization of these NTFPs will generally emerge as the method of
choice for their extraction from agricultural lands.

Non-timber forest products from agroforestry:

The ICRAF-supported Global Meeting on Training and Marketing of Non-Timber
Products in the Agroforestry Framework was held in Nairobi, Kenya, from February 19 to 23,
1996. Management of training and marketing of non-timber forest products in the Agroforestry
framework. The mission of the United Nations Food and Agriculture Association Forest Ranger
Service is to strengthen the use of trees and forests for human prosperity around the world. Since
its founding in 1945, the FAO has grown to 174 member countries. This broad engagement
enables FAO to solve problems in remote areas of the world: the northern, temperate, subtropical
and tropical regions; Clearing of forests on created and agricultural land; dry and sticky forests;
high altitude forests and mangroves; In fact, even trees on ranches and urban communities. The
“Promotion and Improvement of Non-Timber Forest Products (NTFP)” program of the Forest
Products Division of the Forest Range Services Division of FAO aims to increase the value of
non-timber forest products and their management through better harvesting, utilization and
sharing to increase and expand to improve visualization. The sustainable use of NTFPs, together
with an impartial dissemination of the benefits arising from the specific impacts on local
populations, contributes significantly to the wise management of the world's forests.

forest areas, to preserve their biodiversity and to accurately assess their economic
importance in terms of quality. The salary age of NTFPs and their commitment to alleviating
hardship and food security are important components. The program also includes information
gathering, data dissemination, innovation movement, systems management and strengthening
alliances for NTFP improvement, preparation and strategic exhortations.

Domestication of non-wood forest products in agroforestry:

Wild species education for business development seems to offer great opportunities.
Undoubtedly, the ranger service must find a solution to the depletion of wildlife resources while
supporting the creation of attractive NTFPs. The interest in new crops and new business areas is
overwhelming. Sustainable improvements must mitigate the effects of deforestation by
expanding tree planting on cleared land, and ranchers must find replacements for normal assets
lost to deforestation. In any case, training is not a quick or easy cycle. It required much long
preliminary work and testing by ranchers to promote a variety of food crop varieties and many
years of agronomic research to create useful clones of modern tree crops. Current plant
domestication depends on moderately refined processes

The current science of rural and ranger services developed in Europe in peaceful progress
and crop development, which influenced much of the current agricultural standards and
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agricultural ecosystem models. Our views on rural education and improvement are heavily
influenced by an implicit bias towards grain-based models, which may not be particularly useful
for the domestication and advancement of tropical forest stands. There are numerous meanings
of “tame” and obviously the interaction has evolved as humans become more personally
connected to plants and creatures. The means of this development can generally be distinguished
as: extractives for domestic use; extractives to negotiate with others; Extractives can be locally,
provincially or generally acquired; maintaining beneficial species on ranch lands; planting
around settlements; establishment of mansions and farms; inheritance determination, cloning and
breeding; also, biotechnology (FAO 2011a).

This example isn't all inclusive; somewhat barely any tree species have advanced past the
fourth or fifth step. There are anyway a few limitations to taming and the conventional
improvement of business sectors for NTFPS which include:

» Absence of foundation in the rustic regions, making admittance to business sectors
troublesome
Low volume of items
Poor or variable nature of items
No progression of supply
Unfortunate taking care of and stockpiling characteristics
Restricted information on the item among shoppers

YV V.V V VY

Agroforestry is perceived as a promising area use innovation and a connection point
among horticulture and ranger service, particularly in the non-industrial nations of the jungles
and subtropics. With late examination, the standards hidden age-old Agroforestry rehearses are
progressively being perceived, and further developed rehearses are presented. The logical
underpinning of Agroforestry is the multipurpose tree (MPT). Two significant qualities of MPT's
are their capacity to create numerous items, from at least one plant parts, and their capacity to
give advantages and administrations that might be theoretical however in any case ecologically
critical. Among the many perceived items and advantages of MPTS, most Agroforestry projects
are situated towards the creation of fuel wood and grub.

Agroforestry and NTFP extraction are prevalently means rehearses; they utilize
expensive outside inputs, however weighty utilization of human work, and each has area explicit
qualities. In any case, there are likewise unpretentious contrasts between NTFP creation and the
act of Agroforestry. In the first place, Agroforestry frameworks are, by and large, more seriously
made due, with a more significant level of species training, than most NTFP species. Second,
Agroforestry frameworks put accentuation on not just the useful job of their woody parts, yet in
addition of their defensive jobs like soil improvement and ecological assurance. This need not
really be so in that frame of mind of NTFP species. That's what a third distinction is in spite of
the fact that Agroforestry is much of the time portrayed as a connection point among farming and
ranger service, most Agroforestry rehearses are on the purported rural and minimal terrains and a
few in the cushion zones around woods, with very little or no Agroforestry in the woodlands.
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NTFPs, for certain eminent exemptions are removed generally from timberland or potentially
negligible land, with somewhat lesser amounts from farming terrains. Recognizable proof of
such similitude’s and differentiations between normal Agroforestry rehearses and NTFP
extraction can help in looking at valuable open doors for coordinating NTFPs and Agroforestry
frameworks. By putting NTFPs in a creation framework setting, this may likewise assist with
investigating new advantages of NTFP species (Nair and Happy 1995).

Yield plants for potential agroforestry use

Ranchers and landowners coordinate different woody shrubs in their production and
animal husbandry fields, depending on the agricultural climate and local needs for improved
products. Given the current interest in agroforestry around the world, efforts are being made to
introduce agroforestry methods using native and rare multipurpose and nitrogen-fixing woody
perennials. Agroforestry is widespread in all biological and topographic areas of tropical
locations. Framework conditions are changing enormously in their underlying complexity and
biodiversity, their utility and defense credits and their financial aspects. They range from
seemingly simple forms of mobile development to complex home gardens; from structures with
sparse tree stands on ranch land (e.g. Prosopis cineraria, called Khejri tree in completely dry
places in western India) to complex multi-story properties with high thicknesses of sticky
swamps; From structures in which trees perform an overwhelming “management” role (e.g.
shelterbelts) to structures in which they primarily provide attractive features (e.g. intercropping
with home crops).

A farm is a functional ranching unit where various crops, including tree crops, are grown
with animals, birds and fish, primarily to meet the standard basic needs of the livestock farmer. It
is an advanced practice of domestication of NTFPs in the coastal states, particularly in Kerala,
Tripura, Assam, the northeastern states and parts of West Bengal, and the Andaman and Nicobar
Islands. Although home gardens give the impression of being a combination of trees, shrubs and
spices, there appears to be a concrete common example. Depending on the size of the farm, the
needs of the people living on the properties, and the microclimate, there is wide variation in the
vigor of trees, species, and crops. Coconut, areca nut, guava, mango, citrus, tamarind, jackfruit,
papaya, banana, drumstick, sesbania, cherimoya and numerous multipurpose trees are the
important trees found in home gardens. Numerous multi-purpose trees with useful and defensive
abilities are coordinated within various spatial and world game plans that provide different
elements.

Ethnobotanical inventories of indigenous information about plants and their current living
conditions are of exceptional value in distinguishing species for domestication and
commercialization. The natives themselves are adventurers and have sold these stored items and
begun to domesticate them without the intervention of outside commercial interests or
administrative or non-legislative associations. These achievements, previously made by
indigenous groups and other limited-sector pastoralists, also need to be defended. Tree that
leaders could integrate their reconciliation into agroforestry frameworks.
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Grass oils: Lemon grass oil (Cymbopogon
flexuosus), West Indian lemon grass oil
Cymbopogon  citratus), Palmarosa oil
(Cymbopogon martinii var. motia), Ginger
grass oil (Cymbopogon martinii var. sofia),

Wood oils: Sandalwood oil (Santalum album).
Agar oil (Aquillaria agalocha), Deodar oil
(Cedrus deodara), Pine oil Turpentine oil
(Pinus roxburghii), Linaloe oil (Bursera
delpechiana), Cedar oil (Juniperus macropoda)

Citronella oil (Cymbopogon nardus var.

winterianus), Vetiver  oil (Vetiveria

zizanioides)

Leaf oils: Eucalyptus oil (Eucalyptus | Root/Rhizome oils: Costus oil (Saussurea
globulus), Lemon scented gum oil | lappa). Indian valerian oil (Valeriana
(Eucalyptus  citriodora), = Camphor oil | wallichii), Curcuma oil (Curcuma aromatica),

(Cinnamomum camphora), Pine needle oil
(Pinus roxburghii), Mint oil (Mentha spp.).
Patchouli  oil  (Pogostemon  patchouli),
Geranium oil (Pelargonium graveolens),
Wintergreen oil (Gualtheria fragrantissima)

Cyperus oil (Cyperus scariosus), Sweet flag oil
(Acorus calamus) Flower Oils: Jasmine oil
(Jasminum  officinale), Rose oil (Rosa
damascena), Keora oil (Pandanus
odoratissimus), Tagtes oil (Tagetes indica),
Champa oil (Michelia champaca), Lavander oil
(Lavandula officinalis), Cassie perfume
(Acacia fernesiana), Clove oil (Syzygium
aromaticum).

Other essential oils: Citrus oil/Lime oil (Citrus aurantifolia), Petgrain oil (Citrus aurantium

and Citrus limettioides), Orange oil (Citrus
Cinnamoum oil (Cinnamomum zeylanicum), N
(Boswellia serrata)

sinensis), Mandarin oil (Citrus reticulata),
utmeg oil (Myristica fragrans), Salai gum oil

Gums, resins and latex:

Acacia gums: Babul (Acacia nilotica). True
gum arabic (A. senegal), Khair (A. catechu),
A. modesta, A. fernesiana, A. leucophloca

Latex: Chilte (Cnidoscolus spp.), Chicle
(Manilkara zapota), Rubber latex (Hevea
brasiliensis)

True resins: Balck dammar (Canarium
strictum), Rock dammar (Hopea odorata).
Green dammar (Shorea tumbuggaia), White
dammar (Vateria indica), Amber (Pinus
succinfera).  Lacquer (Rhus vernicifera),
Shell lac (Laccifer lacca), Mastic (Pistacia
lentiscus), Sand arac (Callitris quadrivalvis),

Storax (Atingia excelsa)

Oleo resins: Salai gum (Boswellia serrata),
Gurjan  oil  (Dipterocarpus turbinatus).
Kingiodendron pinnatum, Cedrus deodara,
Erythroxylon  monogynum,  Melanorrhoea
usitata, Pinus insularis, Pinus roxburghii,
Pinus wallichiana, Shorea robusta
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Gum resins: Gamboge (Garcinia morella),
Myrral/Gugal (Commiphora mukul),
Galbanum (Ferula galbaniflua). Asafoetida
(Ferula asafoetida), Diospyros peregrina,
Dikamali/Cumbi gum (Gardenia gummifera)

Other true resins: Abies excela, A. webbiana,
Ailanthus malabarica, Cannabis sativa, Carica
papaya, Daemonorops kurzianus, Juniperus
communis, Liquidambar orientalis, Styrax
benzoin

Other gums: Karaya gum (Sterculia urens),
Cochlospermum religiosum, Semal (Bombax
ceiba), Astragalus heratensis, Kapok (Ceiba
pentandra). Hog  tragacanth  (Prunus
amygdalus). Cherry gum (Prunus armeniaca),
Bengal kino (Butea monosperma). Gum kino
(Pterocarpus marsupium). Jhingan gum
(Lannea  coromandelica), Salai  gum
(Boswellia serrata), Moringa gum (Moringa
pterygosperma), Dhaura/  Ghatti  gum
(Anogeissus latifolia). Semla gum (Bauhinia
retusa), Madiata gum  (Adenanthera
pavonina), Gutta percha gum (Dichopsis
polyantha), Eucalyptus kino (Eucalyptus
globulus), Lemon scented gum (Eucalyptus
citriodora).

Albizia  chinensis, A.
odoratissima, A. procera, Anacardium
occidentale, Azadirachta indica, Bauhinia
purpurea, B. racemosa, B. variegata, Chloro
xylon swietenia, Feronia limonia, Mangifera
indica, Terminalia alata, T. bellerica, Agele
marmelos, Ailanthus excelsa, Pithecellobium
dulce, Spondias pinnata, Borassus flabellifer,
Buchanania latifolia, Calophyllum apetalum,
C. elatum, C. inophyllum, Chukrasia tabularis,
Delonix  regia, Elaeodendron glaucum,
Gardenia  turgida, Gaurga pinnata,
Macaranga peltata, Prosopis juliflora, P.
cineraria, Zizyphus sativa.

Minor  gums:

Tree Borne Oil seeds (TBOs)

Jatropha curcas, Pongamia pinnata,
Madhuca indica, Simmondsia chinensis,
Azadirachta indica, Simarouba glauca,
Shorea robusta, Mangifera indica, Garcinia
indica, Salvadora oleoides, S. persica,
Ziziphus mauritiana, Prunus armeniaca,
Aleurites montana, Aleurites fordii, Thespesia
populnea, Moringa oleifera, Calophyllum
inophyllum, Schleichera oleosa, S. trijuga and
Actinidaphne hookeri

Fibres and flosses

Fibres: Agave sisalana, Streculia
villosa, Abroma augusta, Antiaris toxicaria,
Boehmeria nivea, Cannabis sativa, Cordia
dichotoma, C. rothii, Giradinia heterophylla,
Grewia glabra, G. elastica, G. optiva, Hibiscus
spp., Malachra  capitata, Marsdenia
tenacissima, M. volubilis. Sterculia foetida, S.
urens, Themeda arundinacea, Trema
orientalis, Typha elephantina, Urena lobata,
Oreocnide integrifolia

Dyes:

Wood dyes: Kutch dye (Acacia catechu) and
other dyes from Artocarpus heterophyllus, A.
lakoocha, Pierocarpus
Caesalpinia sappan

santalinus,

aristata, Datisca

tinctoria,

Root dyes: Berberis
cannabina,  Morinda

granatum, Rubia cordifolia

Punica
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Bark dyes: Terminalia tomentosa, Acacia

concinna, A. farnesiana, A. leucophloea.
Alnus  spp., Casuarina  equisetifolia,
Manilkara littoralis, Myrica esculenta,

Ventilage madraspatana Flower and Fruit

Dyes: Mallotus philippensis, Woodfordia
floribunda, Bixa orellana, Butea
monosperma, Toona ciliata, Nyctanthes

arbortristis, Mammea longifolia, Wrightia

tinctoria, Crocus sativus

Leaf dyes: Indigofera tinctoria, Lawsonia
inermis

Tannins

Leaf tans: Anogeissus latifolia, Emblica
officinalis, Carissa spinarum Gall Tans:
Tamarix spp.

Fruit tans: Terminalia chebula, T. bellerica,
Acacia nilotica, Emblica officinalis, Zizyphus
xylocarpa, Caesalpinia coriaria

Bark tans: Acacia mearnsii, A. dealbata, A. nilotica, A. auriculiformis, Cassia fistula, Cassia
auriculata, Rhizophora mucronata, Ceriops roxburghiana, Terminalia arjuna, Shorea robusta

Medicinal plants (Drugs)

Flower, fruit and seed drugs: Artemisia
spp., Strychnos maux vomica, Aegle
marmelos, Ricinus communis, Cassia fistula,
Chenopodium ambrosioides, Pyrethrum spp.,
Casealpinia  crista, Tamaridus indica,
Terminalia bellerica, T. chebula, Emblica
officinalis, Plantago ovata

Root drugs: Podophyllum  hexandrum
(Bankakru), Saussurea lappa (Kuth), Aconitum
heterophyllum (Atis). Acorus calamus (Bach),
Rheum emodi (Rhubarb), Picrorhiza kurroa
(Kuru), Valeriana wallichii  (Banahfsa),
Asparagus adscendens (Satavar), Glycyrrhiza
glabra (Mulathi), Berberis spp., Dioscorea

deltoidea  (Medicinal yam).  Rauvolfia
serpentina (Sarpgandha), Nardostachys
jatamansi,  Colchicum luteum, Abroma

angusta, Hemidesmus indicus, Sarsaparilla
spp., Urginea indica

Leaf drugs: Ephedra gerardiana, Vitex
nugendo, Gultheria fragrantissima, Mentha
arvensis,  Hyoscymus  niger,  Ocimum
kilimandscharium,  Azadirachta  indica,
Cannabis sativa, Atropa acuminata, Datura
spp., Swertia chirata

Bark drugs: Cinchona spp., Holarrhena
antidysenterica, Soymida febrifuga, Alstonia
scholaris, Terminalia arjuna
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Edible plant products

Edible fruits: Chironji (Buchanania lanzan), Aonla (Emblica officinalis), Tamarind
(Tamarindus indica), Bael (Aegle marmelos), Wood apple (Feronia elephantum),
Jackfruit/Kathal (Artocarpus heterophyllus), Barhal (Artocarpus lakoocha). Kala lakuch
(Artocarpus gomezianus), Jamun (Syzygium cuminii), Custard apple/Sarifa (Annona squamosa),
Ramphal (Annona reticulata), Carissa opaca, Karaunda (Carisa carandas), Timla (Ficus
auriculata), Pakar (Ficus infectoria), Parphuta (Ficus nerifolia). Bedu (Ficus palmata), Gular (F.
glomerata). Ber (Zizyphus jujuba), Jangali jalabil Madras thorn/ Manila tamrind (Pithecellobium
dulce) Edible Nuts: Cashew nut (Anacardium occidentale), Chilgoza (Pinus gerardiana), Walnut
(Juglans regia), Almond (Prunus dulcis) Edible Flowers: Mahua (Madhuca indica), M.
longifolia, Musa spp, Bombax ceiba, Bauhinia purpurea, Alangium salvifolium, Ficus glomerata,
Sesbania Rhododenron arboreum grandiflora,

Roots and tubers: Amorphophallus | Leaves: Agave americana, Aloe vera,
campanulatus, Dioscorea belophylla, D. | Moringa oleifera, Antidesma diandrum, Fern
oppositifolia, Ipomoea aquatica, Bamboos species

Edible bamboo shoots: Bambusa balcooa, B. bambos (Kanta bans/Spiny bamboo), B.
polymorpha (Betwa), B. tulda, B. nutans, B. pallida, Dendrocalamus asper, D. brandisii, D.
giganteus (Giant bamboo), D. hamiltonii (Kagzi bans), D. longispathus, D. strictus (Lathi
bans/ Male bamboo), D. latiflorus, D. oldhami, D. membranaceus, Phyllostachys pubescens,
P. praecox, P. iridescens, P. bambusoides, P. edulis, P. dulcis, Schizostachyum,
Thyrsostachys, etc.

Fungi: Agaricus campestris, Morchella esculenta, Volvaria terastius, Collybia albuminosa

Canes/ Rattan

They are stems of climbing palms of family Calamus comprising around 30species.
Climbing frequently achieve a length of even 100 m. They are normally tube shaped and have
uniform thickness, strong and pale white to yellow in variety. External surface is hard, smooth
and shinning. Stick is utilized in assortment of ways because of its flexibility, strength and long
length. It is utilized in strolling sticks, polo sticks, umbrella handles, containers and stick.
Furniture. The important species of cane are:
Calamus acanthospathus, C. guruba, C.tenuis, C. viminalis, C. rotang, C. andamanicus, C.
brandisii, C. flagellum, C. gambeli, C. gracilis, C. latifolius, C. pulstris, C. rheedei,
Daemonorops kurzanius, Plectocomia himalyana. Among these, Calamus tenuis is the
common cane of north India.

NTFPs based agroforestry
The potential effects of NTFPs based Agroforestry are:
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Destitution lightening through expanded pay by broadening the development of
Agroforestry items for home utilization and market.
Healthful security by joining of wild organic products, vegetables, nuts, flavors, spices
and so on NTFPs with customary horticultural oat and millet crops.
Strengthening to ladies ranchers and little possessions provincial occupants in handling
and worth expansion of NTFPs through advancement of rustic units.
Actually taking a look at silly reap and tension on timberland by giving NTFPs on
ranches.
Expanding buffering limit of ranchers against the environmental change and support in
carbon exchanging.
Advancement of country limited scope and bungalow units in light of different NTFPs
through cooperatives.
Increasing openness to therapeutic plants for essential medical care and rejuvenation of
neighborhood wellbeing customs.
Ex situ preservation/taming of less popular plants in ranch for the future improvement of
these yields.
Further developing the agro biodiversity versus environmental food of the agro
ecosystem and control of bug bother.
Mixing of ethno agriculture with current agro techniques for commercialization of
NTFPS from agro forests.
Like other agroforestry practices, NTFP-based agroforestry is a deliberate and precise
fusion of trees, shrubs, spices with crops or possibly animals, requiring serious
management of the connections between the elements as an integrated agricultural
ecosystem. It also meets the standards of a focused, intensified, intuitive and coordinated
approach for wider reception and creation. The division is designed in such a way that
more emphasis is placed on providing assistance to the needy and rural development of
small and marginal farmers, rather than on the serious work of large farmers for selected
NTFPs. It offers an alternative choice of land use, a contrasting and conventional
framework for agricultural and forestry services.
Due to the expansion of human and animal populations, there is increasing interest in
food, feed, fuel or enhanced food and products in the form of materials, paper, dyes,
tannins, spices, wild organic matter, rubber and so on. The Agroforestry project, based on
the NTFPS, presents alternative perspectives from biological, financial and social
environments. NTFPs provide a framework for agroforestry on crop/agricultural lands
and bring enormous financial returns even in the event of a disappointing overall harvest,
whether normal or single, as well as gains through improved and sustainable productivity
(Mercer 1992).
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» The NTFP based Agroforestry frameworks can be taken on in customary and current
Agroforestry frameworks by combination of parts and change in spatial and transient
plan.

Dissipated trees: Trees are developed dispersed in horticultural fields for some purposes like
shade, grub, fuel wood, natural product, vegetables and therapeutic purposes.

Trees on homestead limits: Multipurpose trees mostly for leafy foods items can be developed
on ranch limits. In northern pieces of India, Jamun (Syzygium cumini), Ber (Ziziphus spp.).
Lasora (Cordia myxa), Morus alba, Azadirachta indica, Acacia senegal, Borassus, bamboo
(Dendrocalamus, Bambusa), and so forth. Up and down the water system channels. In
Andamans, ranchers develop Gliricidia sepium, Jatropha spp., Ficus spp., Ceiba pentandra,
Vitex trifolia and Erythina variegata as live fences. At many spots succulents like Agave and
numerous cactoids are developed as normal live-wall.

Woodland cultivating: The utilization of ranch woodlots and backwoods by ranchers for
acquiring items, for example, wood, fuel, building materials, sugar, honey and food has been
verifiable. The more well-known timberland cultivating rehearses that are as of now explored
and advanced by Agroforestry organizations comprise in the development of specialty items in
lush regions. These items incorporate ginseng (Panax spp.), maple (Acer spp.), mushrooms and
pine straw which have become extravagant business undertakings. Moreover, there are financial
possibilities from woods cultivating from the creation of pecans, honey, and products of the soil
benefits for provincial turn of events.

Parkland framework: It is the most far and wide arrangement of horticultural creation. Trees
are available wherever on the ranchers' fields. Trees of helpful species are chosen in decrepit
land for maintenance, prior to bringing the land into development. In this manner tree recovery is
the aftereffect of the act of fallowing. The principal justification behind keeping up with woody
species in the fields is the interest for food and customary drugs, for the two people and
creatures. These items, which are right now underestimated, add to the upgrade of the
nourishment of provincial populaces, a superior family pay (especially for ladies) and the
economy of the country.

Agroforestry frameworks where NWTPs trees could assume a part are various and
incorporate homegardens, dissipated trees in fields, multistrata frameworks and limit plantings.
Prior to setting out on the training of a tree, the agroforestry needs to learn whether all things
considered, there will be a business opportunity for its items, while the business that fosters the
market needs to realize that there is a base dependability of supply for a uniform result of a given
quality, prior to committing money to fostering that market. In any case, some headway has been
made in pondering the effect on limited scope, asset unfortunate ranchers of taming and
commercializing NTFPs. All the accessible writing on NTFP creation manages at least one of the
accompanying subjects in diminishing request of overflow:
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» A stock (posting) of the significant species, giving such subtleties as their
neighborhood/vernacular, as well as logical names, and the particular part(s) of each plant

YV V V

that is financially utilized;

Socio-social qualities, preservation systems, and strategy issues;
Species portrayal of an organic/ethnobotanical nature;
Monetary appraisal of certain practices and items; also, substance and biochemical

depictions of specific items as well as cycles.

Constraints for development of NTFPs
Chandrasekharan (1993) has distinguished countless issues connected with the
improvement of NTFPs and recommended that nothing goes right or appropriate for NTFPs right
now. Stock of NTFPs - A serious prevention to NTFP improvement is the absence of valid and
dependable measurements on the characterization, creation, and worth of NTFPs (Table 3.1).

Table 3.1 Constraints and Areas of Action for the Development of (Chandrasekharan 1993)

S.N. Constraints Areas of Action
1 Neglect of scientific management and Assessment of NTFP resources by
conservation strategies appropriate categories
2 Inappropriate and unsustainable harvest Enhance planning for integrated forest
methods management
3 Lack of land-use planning Domestication for forest conservation
and improved production
4 Lack of integration in forest management Improve pre and post-harvest
techniques
5 Lack of processing and storage facility Increase value-added processing at
local level
6 Potential competition from domesticated or Stabilize supply for local and
synthetic sources international markets
7 Lack of clear policy support and bias against | Improve database on NTFP species and
Improve database on NTFP species and products
products NTFPs
8 Lack of research and technology development | Strengthen research and enhance
for Strengthen research and enhance technology transfer
NTFPS
9 Poor data and statistics on NTFPS technology | Augment supporting institutions
transfer Augment supporting institutions
10 Insufficient incentive for sustainable Assess international assistance

management Access international assistance

Item gathering continued in measurable reports and the conglomeration of items in
Global Standard Exchange Order (ISTC) makes it difficult to isolate out NTFPS by
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unambiguous items and sources. This is fairly like the information detailing frameworks for
estate yields like dark pepper, cacao, cashewnut, espresso, oil palm, and elastic in agroforestry
frameworks. A "answer" to this issue was found by detailing information on mono-crop and
blended crop stands of these species independently. While sole stands represent most business
creation of these yields, blended crops are generally in smallholder Agroforestry frameworks
(Nair 1983 and 1993).

Agroforestry stock techniques can be applied to NTFPs, and there is a dire need to
assemble the essential measurements of NTFPs. To put forth deliberate attempts in the
improvement of NTFPs, it is fundamental that there ought to be a coherent order plot. As
referenced above, NTFPs are at present being recognized in extensive arrangements of item
classes. Notwithstanding, the plant parts that yield these assorted items, the administration
consideration, collecting system, valuation rules, and a few different variables are different for
various items. This will then empower to devise proper improvement methodologies for each
gathering of items. For instance, the improvement methodology for the leafy foods creating
plants could be not the same as that of natural substance delivering plants.

Since tree training by reproducing is a long and slow cycle, vegetative spread and clonal
choice that have been created for tropical trees are especially encouraging strategies in this
unique situation. A significant point here is that the NTFP taming process and supportable use
must be firmly connected with social and social qualities of individuals. All plant taming
endeavors are connected to monetary requirements for the results of such plants. This is
particularly evident as to NTFPS. Moreover, social and social qualities, and native information
on the nearby utilization of species are main points of contention in NTFP training. Reasonable
evaluation might be made of these qualities, and the data should be coordinated into the
procedure for taming. Taming and preservation of hereditary assets are two issues that should be
thought about mutually. Distinctively, training prompts significant decay, and now and again,
absolute annihilation of the wild populaces. Both trained and wild populaces might exist together
for quite a while, yet in the long run the wild sources will be lost. This guess depends on the way
that the wild structures that might have led to the developed types of such financially significant
tree crops as breadfruit, citrus, coconut, and mango are either non-existent or obscure (Simmonds
1985). In such a circumstance, it ought not to be permitted to occur in that frame of mind of the
present NTFPS. NTFPs must be created for circumstances that are non-ordinary for ranger
service and this approach is implied in the idea of Agroforestry.

There is developing worry that the gather techniques for NTFPs are impractical.
Expanded advertising and thoughtfulness regarding NTFPs has now and again prompted their
obliteration. Many collect strategies are not environmentally reasonable giving an illustration of
a 78 percent decline in bamboo yields in the Tamil Nadu Territory of India, and a few different
creators are giving instances of impractical gather of NTFPs. Subsequently, notwithstanding the
financial issue connected with the collect of NTFPs the organic manageability should be
assessed. Extractive maintainability at gather that unfavorably affects the asset is contrasted with
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non-collect regular populace. This might be portrayed as an ethno ecological way to deal with
understanding the expected items from the tropical jungle which endeavors to merge the
biological prerequisites for asset upkeep and human necessities. Maintainability is a foundation
of the underpinnings of Agroforestry this implies that all Agroforestry practices ought to
guarantee long haul creation without corruption of the asset base on which the creation is
dependent. Biological reaping of Agroforestry parts is consequently verifiable in the idea of
Agroforestry, and disastrous collecting of Agroforestry parts has not surfaced as a difficult issue
(UNEP 2011).
Markets for NTFPs can be separated into two classes:
(1) The neighborhood markets and house ventures; furthermore
(2) The modern or potentially send out business sectors.

In many occasions, the elements of neighborhood markets are not surely known.
Different issues in neighborhood markets incorporate occasional flooding of items which drive
costs down particularly huge for items that have low versatilities of interest, and elevated degrees
of substitute items. Neighborhood markets present a significant wellspring of provincial pay and
house enterprises will further develop attractiveness of the items. Be that as it may, on account of
areas of strength for an interest, the issue might emerge when cultivators or extractors practice to
satisfy the market needs, prompting circumstances of hazard because of reliance on one item as
an essential type of revenue.

Global/send out business sectors are in many cases flighty but then requesting in items
accessibility and quality. While creating or gathering for the commodity market, the items should
meet the necessities of (1) unwavering quality of supply; (2) consistency of value. Counting
directed size and appearance; also (3) transportation expenses and disinfection conditions, that
are undeniably more tough than for nearby business sectors (Raintree and Francisco 1994).

The accompanying general standards for the improvement of NTFP's in the business
sectors:

» Enhance item and decrease reliance on a couple of items
Differentiate the business sectors for crude and handled timberland items
Add esteem locally
Catch esteem that is added further from the source
Proposed arrangements should approach the extent of the issues
No single woods gathering can give an adequate number of wares to even a little
organization and most productive technique to offer the item and the capacity to supply
the market should be laid out.
» Controlling a huge piece of the pie of the product permits impressive impact over the
whole market;
Create a respectable gain in the commercial center.
» Confirmation of ecological supportability

YV V V V V
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Development of NTFPs through agroforestry:

These are the consequences when an NTFP competes on the global market and is
exposed to the eccentric cost trends that accompany that market. This also applies to smaller
local economic sectors and therefore one should think carefully about the economic sectors and
market reliability, assuming that speculation in companies is increased in view of the NTFPS.
Rules should be created based on accumulated knowledge and information, but prior experience
and quantitative information about the emergence and value of NTFPs are not enough. This
creates the impression of an endless loop. Cumulative participation in agroforestry was
thoroughly analyzed to determine specific methods for improving NTFPs. Conscious and logical
efforts should be made in various fundamental areas of NTFP advancement. These include:

» Undertaking an exhaustive stock of the creation and monetary worth of NTFPs
» Improvement of an orderly, sensible, and expansive based grouping plan to act as a
reason for forming coordinated innovative work plans
» Distinguishing proof of promising NTFP species and training of their wild structures,
with due thought of the social and social setting of the species and their items
> Preservation of hereditary assets to stay away from likely risk of inevitable termination of
wild types of specially trained species
Normalization of item valuation strategies for NTFPs
» Advancement of practical gather strategies and nearby as well as global business sectors
for NTFPS
> Reinforcing of strategy and institutional help for NTFP improvement
Conclusion:

Agroforestry has made great progress recently, but its wider application still faces many
challenges. It is important to distinguish and quantify the extent of the benefits as they are not
indisputable. In addition, further research should assess the benefits for different partners,
manage the differences in benefits, examine the impacts and responsibilities of different
agreements, and analyze the impact of agroforestry experiments on the protection of forest areas,
especially in the jungle.

Another point to consider is determining which practices are generally appropriate for
particular groups, such as women and the homeless. Many examples of overcoming adversity
convey a sense of solidarity with small regions. Therefore, emphasis must be placed on how they
can be reproduced to achieve greater reach and reach more families. Other topics include
different approaches, institutional development and scaling methods that contribute to the spread
of agroforestry and higher financial returns. Given the declining level of research management
and knowledge expansion in the forestry sector, ways must also be found to encourage farmers to
adopt a trial-and-error approach and to improve coordination between farmers.

These measures aim to address the shortage of plant material (seeds, plants or seedlings)
and the lack of data. The development, promotion and valorization of raw materials is necessary
to improve the living conditions of farmers carrying out agroforestry activities. This is intended

Y
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to extend reserved area contract systems to countries and products where such systems do not

exist. Further market research should also examine how consumer preferences can be satisfied

without having to increase production. Local institutional instruments are designed to help

livestock farmers acquire information and entrepreneurial skills, market their products and
improve their quality.
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CHAPTER 4

BAMBOO PRODUCTION THROUGH AGROFORESTRY

Priya Rai, Anil Kumar Kori, Ajay Kumar Shah, and Vijay Bagare
Department of Forestry, JNKVV, Jabalpur

Abstract:

Bamboo cultivation in India is estimated to be more than 13.96 million ha. with more
than 136 distinct species. main spp. are growing and cultivation of bamboo mission two region in
india i.e. central and southern part of india (Bambusa tulda, B. bambos, B. balcooa B.
cacharensis) and other in norther part of India (B. Polymorpha B. Nutans Dendrocalamus asper
Dendrocalamus hamiltonii). Bamboo under agroforestry cultivation because it has to potential
for development not only wastelands but also in cultivated land for sustainable production in
India and full the commercial demand of industry. Agroforestry provided a tool for bamboo
production and marketing strategies for rural developments.

Keyword: Agroforestry, Bamboo, Propagation, Agroforestry systems etc.
Introduction:

Bamboo is one of the world's most natural and inexhaustible resources with a variety of
purposes and applications, providing an environmentally friendly alternative to rapidly depleting
wood resources. Bamboo is a flexible and versatile forest product with more than 1,500 uses and
great flexibility. Bamboo is used in almost all areas of daily life and is included in non-timber
forest products (NTFPs). Its importance is best felt and perceived in regions where it thrives or
where wood and other traditional development materials are not easily accessible or very
expensive. In many South and Southeast Asian countries, bamboo plays a crucial role in the local
economy and has been used since ancient times. Perhaps it is the most popular plant in the East.
The total number of bamboo species is divided into 75 genera and 1,250 species counted on the
planet (Soderstrom and Ellis, 1987).

Bamboo is used for the construction of houses, instruments and horticultural designs, as a
food material, food and in any case for therapeutic purposes. Not only is it a useful source of
cellulose for making paper and viscose, but it also supports several traditional craft businesses
around the world. For some companies, bamboo is also becoming an important source of natural
substances. Bamboo mat panels, bamboo mat facade composites, folded bamboo mat panels, etc.
They are of great financial and social importance in East and Southeast Asia, where they are
widely used as both a building material and a food source. This variety of fundamental purposes
has led to the use of terms such as "green gold", "unfortunate wood", "bamboo, and companion
of man “and” the bearer of the coffin wood". As a type of reforestation animal, it helps control
decay and balance the banks of waterways. It also helps protect the biological balance of an area.
Bamboo is also used for decorative purposes and as a landscaping material. Bamboo is also
becoming increasingly popular as a houseplant in agriculture (Rao et al., 1990).
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Growth and morphology of bamboo:

Bamboo is a long-lived, monstrous, woody herb that belongs to the Poaceae (Gramineae)
family, which also includes angiosperms and children's monocots. Bamboo species are classified
into the subfamily Bdumeoideae. About a portion of the world's bamboo species occur in Asia,
most of them in the Indo-Burmese region, which is also considered their place of origin. Bamboo
is found in different environments, from cold mountains to warm tropical places. Most bamboo
species require a warm environment, abundant moisture, and beneficial soil, but some thrive
noticeably in cold climates.

The overall design of bamboo is divided into two important parts viz. rhizomes and
stems. The rhizome is the underground part of the stem and is usually sympodial (clump-forming
bamboo) or, to a much lesser extent, monopodial (deciduous bamboo). In the monopodial type,
the main rhizome continues its flat development through its apical part and gives rise to raised
stems at the nodal buds. In the sympodial type, the main rhizome becomes a flying shoot, giving
rise to lateral buds that eventually become flightless. The upper ground part of the single erect
stem is called the culm. The bamboo piece contains most of the wood material. Most bamboo
culms are tubular and empty, with dimensions ranging from 0.25 inches to 12 inches and heights
ranging from 1 foot to 120 feet (Lee et al., 1994). It has almost no bark and has a hard, smooth
outer skin due to the silica content. A collection of stems from a single bamboo plant is called a
cluster. Sympodial bamboo species include Arundinaria, Marmora, Dendrocalamus, etc.
Monopodial bamboo species include Phyllostachys, Pleioblastus, Sasa, Pseudosasa,
Semiarundinaria, Sinobambusa, etc.

Bamboo is a rapidly evolving animal category and a high-performing, sustainable asset.
The growth of bamboo depends on the species, but in general all bamboo develops quickly.
Aminuddin and Latif (1991) expressed that bamboo could have between 40 and 50 culms in a
single bundle, yielding between 10 and 20 culms per year. Bamboo can reach its maximum
growth in 4 to 6 months, with a daily growth of 15 to 18 cm (5 to 7 inches). Depending on the
species, stem development takes 2 to 6 years. It is recommended that the cutting cycle is usually
three years with good management of the bamboo stock. Bamboo develops faster than any other
plant in the world.

Flowering and native place of bamboo

Gregarious blooming is the point at which all populaces of specific types of bamboo
blossoms at the same time. For most types of bamboo, this can occur at spans anyplace between
60-130 years. These long blossoming spans are to a great extent a secret nevertheless
flabbergasting numerous botanists with not a glaringly obvious reason. In the gregariously
blossoming species the span from germination of the seed to the following general blooming lays
out the existence cycle, which is by all accounts genuinely consistent. Life cycles not entirely set
in stone for specific species as follows:
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Spp Flowering time Spp Flowering time
(year) (year)
Arundinaria falcata 28-30 years Bambusa arundinacea 32
Dendrocalamus strictus 32 Dendrocalamus hamiltonii 30-40
Bambusa tulda 35-40 Bambusa polymorpha 60
Phyllostchys nigra 60 Melocanna bambusoides 45-50

Bamboos are a significant part of wet evergreen, soggy deciduous and dry deciduous
timberlands in the tropical pieces of southeastern Asia, chiefly in India, Burma, Cambodia, Sri
Lanka, Indonesia, Laos, Malaysia, New Guinea, Pakistan, Philippines, Thailand and Vietnam.
Genera found in these nations incorporate Arundinaria, Bambusa, Thyrsostachys, Gigantochloa,
Oxytenanthera, Dendrocalamus, Cephalostachyum, Melocanna, and so on. At higher heights and
in mild environments in Asia, as in Bhutan, China, Japan and Nepal, a large number of these
genera are addressed by various species, and different genera. In this association, it is fascinating
to take note of that unadulterated bamboo woodlands are normal on slants where moving
development has been carried on in Burma, East Pakistan and different pieces of Asia. Two
native bamboos happen in tropical pieces of Africa viz. Oxytenanthera abyssinica in dry
deciduous arrangements, and Arundinaria alpina in the damp good countries of the tropical
zone. Normal efficiency of bamboo from timberland is around 2 tons ha/year. The bamboo
blossoming is a novel and exceptionally uncommon event in the plant realm. Three sorts of
blooming are accounted for in bamboo viz. gregarious, inconsistent and yearly.

At the point when bamboo blossoms inconsistently or irregularly, it is called inconsistent
blooming. It is ordinarily welcomed on by ecological factors as opposed to hereditary qualities.
Not at all like gregarious blossoming, irregular blooming doesn't occur on a mass scale and the
bamboo rarely passes on in the wake of blossoming. Irregular blooming bamboos are
Dendrocalamus strictus, D. hamiltonii, D. longispathus, D. giganteus, Bambusa tulda,
Arundinaria, Bambusa, Chimonobambusa, Dendrocalamus, Dinochola, Gigantochloa
Oxytenanthera nigrociliata, O. albociliata, Arundinaria, Dendrocalamus falcata and
Cephalostachyum pergracile. There are not many types of bamboo that bloom every year. The
yearly blooming bamboos are Arundinaria wightiana, Bambusa liniata, Ochlandra rheedi and in
the types of the Western Side of the equator.

Bamboo resources of India:

According to the FAO report on world woodland assets, India is the second most
extravagant nation of the world after China with regards to bamboo hereditary assets. Collect of
13.5 million tons of bamboo consistently has been accounted for in India. North East area of
India represents larger part of the India's complete bamboo assets.

The key bamboo genera happening in India are Arundinaria, Bambusa,
Chimonobambusa, Dendrocalamus, Dinochola, Gigantochloa, and so forth. More than 50% of
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the bamboo species happen in Eastern India viz. Arunachal Pradesh, Assam, Manipur,
Meghalaya, Mizoram, Nagaland, Sikkim, Tripura and West Bengal. Different regions wealthy in
bamboos are the A&N Islands, Bastar locale of Chhattisgarh and the Western Ghats. Arunachal
Pradesh state has the biggest area of bamboo bearing timber land (16,083 Km?). Bambusa and
Dendrocalamus are tracked down under tropical circumstances, while Arundinaria and alliees
are tracked down in the mild locale. Dendrocalamus strictus is transcendently tracked down in
dry deciduous woodlands, while Bambusa species prospers best in sodden deciduous backwoods.
The main bamboo types of the semi evergreen woods of Andamans are Gigantochloa rostrata.
The significant bamboos in Eastern and North Eastern locale are Bambusa tulda, Dendrocalamus
hamiltonii and Melocanna bacciferra (FSI 2011). Among the happening bamboo species in
India, 67% has a place with bunch framing (sympodial) and 33 percent has a place with non-
cluster shaping (monopodial).
Bamboo propagation:

Bamboo can reproduce through sexual or abiogenic strategies. Sexual reproduction
involves the development of new bamboo shoots through seeds. Regardless, this strategy cannot
be trusted because seeds are not available due to bamboo's long flowering period. Sometimes the
practical applicability of seeds is unclear and imperfect. Agamic propagation is carried out using
vegetative planting materials, for example rhizomes, stolons, whole shoots, shoot cuttings,
branch cuttings, marked shoots and micro propagation.

Sexual methods:

Direct planting of seeds: This sort of spread occurs in nature. Yet, bamboos don't create seeds
consistently. They blossom just a single time in 30 to 50 years or here and there really relying
upon species. Subsequently this strategy for proliferation is beyond the realm of possibilities or
famous. In any case, it is the least expensive technique for duplicating woodlands. The greater
part of bamboo woods are recovered by this technique.

Bringing seedlings up in nursery: This strategy is conceivable just when seeds become
accessible. In view of the unfortunate reasonability, seeds should be gathered and planted in
nursery beds without delay. The seeds are planted in germination bed/nursery bed and when the
seedlings are around 90 days old, they are chosen into polythene sacks or root mentors
containing appropriate developing media. They are held under incomplete shade and watered
every day. At last, they are established in the field.

Wildlings: On the off chance that wildlings or normally developing bamboo seedlings in the
woods are accessible, these can be gathered and utilized as establishing material.

Macro proliferation: It is once in a while named as seedling duplication. To build the
establishing stock before move to the field, macro proliferation procedure is utilized. A bamboo
seedling of 5-6 months old produces 5-6 little turners/culms. Plantlets with single turner/single
stem and little piece of rhizome and roots are separated from bamboo seedling for creating
additional establishing materials.
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Asexual methods or vegetative propagation
Rhizome separation and planting:

This strategy will guarantee greatest endurance. It is favored when there is a requirement
for fast creation of establishing materials or while the establishing material is expected to be
established quickly in the field without going through the drawn-out and tedious course of
delivering pruned, established seedlings. The method includes separating rhizome segment from
the mother cluster utilizing digging bar and sharp edge cutting instruments. This technique will
permit just a predetermined number of establishing materials to be separated from the mother
bunch. It will likewise influence the useful limit of the excess bunch. Rhizome planting is
essentially restricted to non-bunch shaping (monopodial) bamboos.

Offset planting:

The best and extremely well-known approach to propagating bamboo is through
balancing a Culm from a cluster. The expression "offset” means the bamboo propagule each
made out of the lower part of a solitary Culm with the rhizome pivot basal to it. For the most part
1 to 2-year-old balances give improved brings about the field. Two hubs of the Culm with
rhizome are adequate for endurance of counter balanced and generally usually rehearsed.
Balances are regularly acquired and relocated not long before the blustery season. Although this
technique has a high success rate, it is neither the most practical strategy for generating wide
reach nor the most effective way to acquire establishing material that will establish itself locally.
This is due to the escalation of strategy work and the ongoing time and cost associated with
acquiring and transferring countless assets into the field. The offset proliferation strategy is
definitely very useful if you want to grow a few bamboo plants on a farm or ranch.

Culm or stem cutting:

The production of bamboo by culm or stem pieces is called culm cutting or trunk cutting
strategy. For breeding, single or 2-3-node stalk cuttings are usually used, which contain solid
buds that come from one- to two-year-old stalks. Culm cuttings are covered vertically,
selectively or evenly underground. If the species is empty bamboo, an opening is made on the
culm cut. Water is piped into the empty space and covered with a polyethylene sheet before the
stalk cutting is covered underground. New roots and shoots will emerge in the middle. Root care
is initiated by treating stalk cuttings with development drivers. With this strategy it is possible to
significantly increase the range and plants grown from stalk cuttings clump together
exceptionally quickly. Occasionally a multimodal cutting or an entire stalk is covered
underground to produce multiple plants.

Branch cutting:

This strategy is great for thick-walled bamboo species. Branches can be effectively
separated from the Culm with the utilization of sharp edge apparatuses like blade or crosscut
saw. 2-3 nodal branch cuttings can be made utilizing hand secateurs, treated with development
controllers and established in the preparing mode for prompting establishing. Relatively, this
technique is more invaluable than Culm cutting in light of the fact that the Culm stays valuable.
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For quick and most extreme creation of established cuttings, just those branch cuttings with
articulated root initials at the bases ought to be utilized.
Layering:

Layering is a technique for getting a Culm or branch contact with soil so engendering
happens. For getting outcome in layering, appropriate media is required. Air layering is the
engendering method where a stem is instigated to frame roots while still on the parent plant.
Micro propagation:

Tissue culture is assuming a significant part in creating consistent with type bamboo
plants. It offers huge potential in creating enormous amounts of wanted establishing material in a
brief time frame. In any case, fundamental enough consideration is taken in choice of starting
material, creation of plants, nursery advancement and field manor. The in vitro strategies offer an
alluring option in contrast to regular techniques for the mass proliferation of bamboos.
Development of bamboo based agroforestry systems:

As of late, much of the time, tree estates are stressed for recovery of debased lands and
obviously, some achievement has been accomplished. Notwithstanding, the main errand in
recovery is to work on the biological system in general. Agroforestry has been pushed as an
option for improvement of debased lands and expanding efficiency per unit region. Bamboo is
viewed as the most appropriate species for Agroforestry models on corrupted lands in Indian
setting. Bamboos have been engendered by the resident of the state through rhizome in their
ranch bund and in residence gardens. Bamboos are become under Agroforestry frameworks for
the three principal reasons: environmental security, reasonable food security and occupation
improvement.

Ecological security: Protection of woodlands is accomplished through lumber replacement by
bamboo. Bamboos are the substitute materials to non-biodegradable and high energy consuming
materials like metals and plastics.

Sustainable food security: Bamboo based Agroforestry framework guarantees support of soil
richness of connecting farming grounds and bamboo shoots are utilized as food.

Livelihood improvement: Age of work in planting and essential handling for assembling mat-
based composites and other market driven bamboo items.

Agrisilvicultural system:

Ranchers have been normally establishing the bamboo at 5m x 5m to 7m x 7m separating
in Agroforestry frameworks. Here and there more extensive dividing is taken on for bamboo
plants between columns. In the middle of between the columns of bamboo bunches, ranchers for
the most part develop tuber crops like yam (Ipomoea batatas), cassava or custard (Manihot
esculenta), taro or cocoyam (Colocasia esculenta), sweet potato (Dioscorea spp.), turmeric,
ginger, vegetable yields, food crops and so forth. in the agrisilvicultural models. For bamboo
based agrisilvicultural frameworks, Bambusa bambos, Bambusa nutans, Bambusa balcooa,
Bambusa tulda, Bambusa vulgaris, Dendrocalamus strictus, Dendrocalamus hamiltonii, and so
on. are the most reasonable species. It is to be noticed that separating of bamboo plants between
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columns is more noteworthy than the dispersing of plants inside line for better development and
higher creation of intercrops. In China, intercrops are developed under bamboo manor. The
bamboo timberland produces the most elevated pay and benefit with serious administration
measures, for example, natural and inorganic preparation, nuisance and infectious prevention,
yearly weeding and silvicultural the board. In bamboo (Phyllostachys spp.) + Paulownia + crop
model, trees develop better and give great financial pay; also, the normal agrarian harvests
intercropped are soybean, yam, radish, potato, pea, watermelon, and so on.

Seshadri (1985) has revealed that development of soybean as an intercrop of bamboo
(Dendrocalamus strictus) during the initial six years is actually plausible and financially suitable
and the time of intercropping can be expanded further in more extensive separating of the
bamboo bunches and sensible control of the bamboo covering. The extent of bamboo in
agroforestry is wide a direct result of the unsure weather pattern and inflating cost of work
engaged with farming nowadays (Balaji 1991). Dwivedi (1992) has detailed the fruitful bamboo-
based agroforestry models in three locales of India: bamboos of various species with wheat, rice,
maize, jowar, bajra, beats, oilseeds, and so on (Cenral Area); Dendrocalamus hamiltonii with
rice, tobacco, chillies and sugarcane (Southern Area); Dendrocalamus hamiltonii with paddy
(North Eastern Area). Behari (2001) have created fruitful seven Agroforestry models with three
bamboos (Bambusa bambos, B. nutans and Dendrocalamus strictus) and intercrops soybean
(Glycine max), niger (Guizotia abyssinica), moong (Phaseolus aureus), wheat (Triticum
asetivum), urad (Phaseolus mungo), pigeon pea (Cajanas cajan) and mustard (Brassica
campestris).

Public Bamboo Mission of India has additionally led research on advancement of
bamboo-based Agroforestry frameworks in Jharkhand and noticed the better development of
bamboo (Bambusa nutans) with intercrop of turmeric, colocasia and oal; number of culms per
bunch is additionally higher in the Agroforestry framework (Malik 2011).

Silvopastoral system:

Analysts have additionally noticed better development of feed grasses like sudan grass,
guinea grass (Panicum greatest), deenanath grass (Pennisetum pedicellatum) in the bamboo
based silvopastoral framework. These agroforestry models have been ended up being
advantageous for domesticated animals raising in the cultivating framework. The most
reasonable bamboo species utilized under silvopastoral framework incorporate Bambusa
bambos, Dendrocalamus strictus, Bambusa nutans, Bambusa balcooa, Bambusa vulgaris, and so
forth.

Silvihoriculture system:

Bamboos are usually developed with agricultural harvests particularly natural product
trees to get various advantages and broadened items. The deliberately established bamboo plants
intercropped with that of customary agricultural trees like mango (Mangifera indica), cashewnut
(Anacardium occidentale), jackfruit (Artocarpus heterophllus), kokum (Garcinia indica) and
elastic (Hevea brasiliensis) in Konkan locale of Karnataka have given empowering results with
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better execution for taking on bamboo based silvihorticulture models and bamboo is accounted
for to be the most productive among the harvests considered and cashew and mango are
positioned close to bamboo (Wagh and Rajput 1991). Correspondingly numerous vegetable
yields are developed as in the middle between lines of bamboos in many spots under
silvihorticulture framework.
Bamboo hedges and boundary planting:

The bamboo plants are planted at the boundaries of the ranches without much
consideration for the size of the land. The development of bamboo on rural farm lines is a
process to limit the rivalry between bamboo and different yields and create development
opportunities for livestock farmers within the nursery. Bamboo stands or bamboo enclosures are
cut out along the lines of rural fields to represent boundaries between landowners and to protect
the field from damage by domesticated native animals and wildlife. Important bamboo species
used for bamboo fencing and limited plantations are Bambusa bambos, B. nutans, B.balcooa, B.
vulgaris, Dendrocalamus stricto, Dendrocalamus hamiltonii, Dendrocalamus brandisii etc.
Homegarden system:

A homegarden addresses a functional ranch unit which incorporates trees, bamboo with
field crops and at some point homegrown animals, around the property. This cultivating
framework has achieved worldwide fame because of the way that the essential goal of the
framework is to guarantee the supported accessibility of different items other than producing
work and money pay. Homegardens epitomize numerous Agroforestry qualities like the cozy
blend of differentiated agrarian yields, bamboo and multipurpose trees. They satisfy the greater
part of the essential necessities of the social populaces. The multi-storeyed arrangement and high
species variety of the homegardens help to diminish the ecological crumbling usually connected
with monocultural creation frameworks. Multi-layered and multi-species structure is basically
the significant component recognized for homegardens.

The tropical homegardens comprise a chief wellspring of regular assets like wood,
biofuels and bamboo. Event of bamboo as one of the plant parts in homegardens is reported in
Asia-Pacific. In old days in India, the Assam state had houses which were normally disguised in
thick forests of bamboo, plantain and jackfruit trees where as the towns of Odisha were described
by the straight group of houses with bunches of jackfruits, mangoes, bananas, bamboos and
plantains. In Kerala province of India, the estate has generally Bambusa bambos, B. vulgaris and
Dendrocalamus strictus species. Number of bamboo clusters in the residences relies principally
upon the size of the properties. For example, in little homegardens of under 0.5 hectare, one
bamboo bunch is more normal; though 0.5 to 1.5 hectare, two bamboo clusters and enormous
residence of more than 1.5 hectare, 5 to 6 bunches are normal. Anyway number of clusters in the
homegardens is likewise concluded by the rancher's yield inclination with less number of
bunches in estates overwhelmed by the business crops than in blended species residences.
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International network for bamboo and rattan

The Global Organization for Bamboo and Rattan (INBAR) is an intergovernmental
association committed to working on the vocations of the unfortunate makers and clients of
bamboo and rattan, inside the setting of a supportable regular habitat. INBAR is laid out by
arrangement kept with the Assembled Countries. INBAR advanced out of a casual organization
of bamboo and rattan specialists, set up in 1984 by Canada's Global Improvement Exploration
Center (IDRC). INBAR associates a worldwide organization of accomplices from the public
authority, private and non-benefit areas in more than 50 nations. INBAR advances feasible
improvement with bamboo and rattan by merging, organizing and supporting vital and versatile
innovative work. INBAR's central goal is to further develop the prosperity of makers and clients
of bamboo and rattan, while keeping a manageable asset base by supporting inventive innovative
work.
Utility of bamboo plantations

Timber: Bambusa barrebos, B. balcooa, B.
textilis, Dendrocalamus strictus, D. giganteus,
Gigantochloa spp., Schizostachyum spp.,
Phyllostachys pubescens, etc.

Paper, pulp and rayon: Bambusa bambos, B.
tulda, B. vulgaris, B. textilis, Dendrocalamus
longispatus, D. hamiltonii, D. strictus,
Phyllostachys pubescens, Melocanna
bambusoides, Gigaratochloa spp., etc.

Edible shoots: Bambz bambos, B. tulda, B.
balcooa, B. nutans, B. pallida, B. polymorpha,
Dendrocalamus asper, D. brandisii, D.

hamiltonii, D. longispathus, D. strictus, D.

latiflorus, D. oldhami, D. membranaceus,
Phyllostachys pubescens, P. praecox, P.
iridescens, P. bambusoides, P. edulis, P.

dulcis, Schizostachyum, Thyrsostachys, etc.

Thatching, walling, mats and handicrafts:
Bambusa bambos, B. tulda, B. textilis, B.
polymorpha, B. blumeana, B. vulgaris,
Dendrocalamus longispathus, D. giganteus,
Ochlandra stridula, Melocanna bambusoides,
M. baccifera, Gigantochloa spp.,
Cephalostachyum spp., Schizostachyum spp.,
etc.

Ornamental:  Phyllostachys  heteroclada
(water bamboo), Phyllostachys nigra (black
bamboo), P. viridis, P. vivax, Bambusa
ventricosa (Buddha's belly bamboo), Bambusa
vulgaris (yellow or golden bamboo), some
Sasa spp., etc.

Conservation:
Bambusa, Dendrocalamus,

Soil and water:
Sinarundinaria, Yushania, Chimnono bambusa

Value added products from bamboo: Followi
bamboo grown under Agroforestry:
Bamboo mat board, Bamboo mat veneer compo

ng value added products: are developed from

site, Bamboo mat moulded products, Bamboo

mat corrugated sheets, Bamboo mat moulded skin board, Bamboo mat ridge cap, Plywood,

Bamboo flooring, Particle board, Bamboo wood

46




Environment Improvement through Various Agroforestry System
(ISBN: 978-93-88901-95-6)

INBAR has local workplaces that are broadening network across Asia, Africa and Latin
America. On 6 November 1997, nine establishing part states and eyewitnesses from 6 different
nations saw the marking of the INBAR Foundation Understanding at the Incomparable Lobby of
Individuals in Beijing. Establishing Nations are Bangladesh, Canada, China, Indonesia,
Myanmar, Nepal, the Philippines, Peru and Tanzania; also, Onlooker Nations are Italy, Japan,
Korea, the Netherlands, Pakistan and Thailand. As of now, 38 nations are holding participation
in INBAR and had acquiesced to INBAR's Foundation Arrangement: Argentina, Bangladesh,
Benin, Bhutan, Burundi, Cameroon, Canada, Chile, China, Colombia, Cuba, Ecuador, Ethiopia,
Ghana, India, Indonesia, Jamaica, Kenya, Madagascar, Malaysia, Mozambique, Myanmar,
Nepal, Nigeria, Panama, Peru, Rwanda, The Philippines, Senegal, Sierra Leone, Sri Lanka,
Surinam, Tanzania, Togo, Tonga, Uganda, Venezuela and Vietnam. Except for Canada, these
nations have significant bamboo or potentially rattan asset bases, and an extensive populace of
burdened individuals living related to them, and who could utilize them to work on their lives
and occupations.

National Bamboo Mission:

Legislature of India has sent off Public Bamboo Mission (NBM) which is a Midway
Supported Plan, wherein the commitment of the Focal Government is 100%. The Plan is carried
out by the Division of Cultivation under the Branch of Farming and Participation in the Service
of Agribusiness, New Delhi.

It covers greater part of the North Eastern area and the eastern provinces of West Bengal,
Jharkhand, Odisha and Bihar, which is the principal district of bamboo of India. The NBM was
hence conceived to make India a worldwide bamboo power other than eliminating numerous
limitations the bamboo area has been confronting. These limitations incorporate absence of
logical strategies for. engendering and development, absence of post collect treatment and
innovation for item improvement and worth expansion, deficient prepared labor, lacking
framework for enormous scope gathering in case of gregarious blossoming, and unfortunate
market linkages. The targets of Public Bamboo Mission (NBM) are:

e To advance the development of the bamboo area through as an area based territorially
separated procedure

e To build the inclusion of region under bamboo in likely regions, with further developed
assortments to upgrade yields

e To advance promoting of bamboo and bamboo based handiworks

e To lay out combination and cooperative energy among partners for the improvement of
bamboo

e To advance, create and spread innovations through a consistent mix of conventional insight
and current logical information

e To produce work valuable open doors for talented and incompetent people, particularly
jobless adolescents.

47



Bhumi Publishing, India

References:

Aminuddin, M., & Latif, M. A. (1991). Bamboo in Malaysia: Past, present and future research.
In Proceedings of the 4th International Bamboo Workshop: Bamboo in Asia and the
Pacific, Chiangmai, Thailand, November 27-30, 349-354 pages.

Balaji, S. (1991). Agroforestry for prosperity. Forest News, Tamil Nadu Forest Department,
Madras, 1(3), 9-11.

Dwivedi, A. P. (1992). Agroforestry - Principles and Practices. Oxford and Publishing Company
Pvt. Ltd., New Delhi, India. (365 pages)

FSI (Forest Survey of India). (2011). India State of Forest Report-2011. Dehradun: Forest
Survey of India, Ministry of Environment and Forests.

Lee, A. W. C., Xuesong, B., & Perry, N. P. (1994). Selected physical and mechanical properties
of giant timber bamboo grown in South Carolina. Forest Product Journal, 44(9), 40-46.

Malik, M. S. (2011). Report of the National Bamboo Mission project on Development Bamboo
based Agroforestry system in Jharkhand. Birsa Agricultural University, Ranchi, Jharkhand.

Rao, I. V. R., Gnanaharan, R., & Shastry, C. B. (1990). Current Research. KFRI, India and
IDRC, Canada.

Seshadri, P. (1985). Intercropping of bamboo (D. strictus) with Soybean: An agroforestry study.
Ph.D. Thesis, Tamil Nadu Agricultural University, Coimbatore.

Soderstrom, T. R., & Ellis, R. P. (1987). The woody bamboos: A morphological and anatomical
study. Smithsonian Contributions, No. 72.

Wagh, R., & Rajput, J. C. (1991). Comparative performance of bamboo with horticultural crops
in Konkan. In Bamboo in Asia and the Pacific, Proceedings of IV International Bamboo
workshop, November 27-30.

48



Environment Improvement through Various Agroforestry System
(ISBN: 978-93-88901-95-6)

CHAPTER 5
FUELWOOD PRODUCTION UNDER VARIOUS AGROFORESTRY

Priya Rai, Anjali Anand and Anil Kumar Kori

Department of Forestry, JNKVV, Jabalpur

Abstract:

Agroforestry model have potential for fulfill the need of fuelwood for rural and poor
people. They are totally dependent on for the energy and fuel for combustion of food material or
making of food. In developing country like India have more than 60 % population energy need
meet out through wooden material obtained from forest. The wooden material is generally have
low calorific values of wood and then it have generate more smoke, this is harmful to people
especially women health and create environment air pollution. Many times, a rural people
valuable timber like species Teak, Ghamara etc. used because of shortage of fuelwood in
surrounding area. Agroforestry given especially high calorific values of trees and also minimizes
burden on forest.

Keyword: Agroforestry, Calorific Values, Fuelwood, Ranger service etc.
Introduction:

In emerging countries, people cover around 90% of their energy needs from wood and
charcoal. Due to its immense interest, this fundamental natural resource is severely depleted and
undermined, and developing countries are facing fundamental emergencies that are actually
leading to shortages. In agricultural countries, plant storage accounts for the majority of biomass
energy, such as China (55%), Egypt (77%) and Bangladesh (90%) faced with firewood
shortages, small farmers typically use crop reserves and fertilizers from domestic animals as
enhanced energy sources. Therefore, virtually no organic matter returns to the soil, reinforcing
the endless cycle of soil nutrient depletion, reduced crop production, and forest destruction. This
training accelerated the consumption of supplements, essentially yielding crops and loosening
the soil. Deforestation of natural forests to make more land that has been cleared to grow crops
also leads to land degradation. Furthermore, cycles of urbanization, modernization, agricultural
expansion, and uncontrolled timber harvesting in regular forest areas also contribute to the
decline of fuelwood (i.e. Firewood and charcoal). The availability of firewood in the regions of
the country for cooking and energy production requires large investments and efforts. It is
estimated that families in India, Indonesia, Ghana and Peru typically spend between 1.5 and 5.
Typically it takes 0 hours to collect firewood for use as fuel. (Peskin et al., 1992).

To meet the growing needs of growing human and domestic animal populations, a
different agricultural system is required to provide timber, food and feed. Agroforestry is a land
use response and choice framework to address firewood emergencies across tropical countries
and the planet as a whole. It is “a dynamic, bio-based natural asset,” executives envision, that
expands through the combination of trees on ranches and in the rural scene, supporting the
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creation of expanded social, financial and environmental benefits for customers across the
country all levels (Nair, 1993). Combining trees and crops in agroforestry creates a more diverse
framework with numerous environmental opportunities, including the provision of food,
firewood, grains and medicines, carbon capacity; In addition, the protection of soil and
biodiversity (Sileshi et al., 2007; Nair et al., 2008). It is broadly divided into simultaneous
frames, in which trees and crops are spatially coordinated on a similar plot, and sequential
frames, in which trees are converted into crops such as upper fallows (Youthful, 1997; Rao et al.,
1998). Firewood production on ranches using agroforestry is a promising way to reduce pressure
on natural forests, reclaim degraded agricultural land, and increase food production among small
and peripheral pastoralists (Ramadhani et al., 2002; Kwesiga et al., 2003; Jama et al., 2008) and
to guarantee the ranch's firewood supply.

Overview of forest and fuelwood status:

The wood reaping and deforestation to give the fundamental human necessities in the
nation and in worldwide world are expanding with a disturbing rate. The Total Forest and Tree
Cover gives a complete picture of all forests and tree resources of the country. The total Forest
and Tree cover of the country as per the current assessment is 8, 09,537 km? which is 24.62% of
the geographical area of the country (FSI, 2021), The total growing stock of wood in the country
is estimated as 6167.50 million cubic meters out of which 4388.15 million cubic meters is inside
forest areas and 1,779.35 million cubic meters is outside recorded forest areas (TOF). There is a
total increase of 251.74 million cubic meters (4.26 per cent) in total growing stock of the country
as compared to previous assessment reported in ISFR 2019. Out of this, the increase in growing
stock inside the forest is 114.68 million cubic meters (2.68 per cent) and 137.06 million cubic
meters (8.35 per cent) outside the forest area. To see the estimates of growing stock in Forests
and TOF in the States & UTs. The circulation of woodland in the nation isn't suitable as per the
Public Timberland Strategy's (1988) point of 33%. Agroforestry can assume a significant part in
filling this hole and protection of regular assets
Agroforestry for meeting fuelwood demand:

There is no single answer for kindling lack, yet some blend of fuel preservation, tree
planting and new advancements could unquestionably improve its creation in the country. The
idea of 'Agroforestry’ is to satisfying the interest of wood, grain, fuelwood, little lumber, organic
product, fiber, compost, and so on. Through incorporation of ranger service with agribusiness for
expanding efficiency per unit region per unit time. It is a precise land use framework that
includes trees, arable yields as well as domesticated animals looking for positive synergism on a
similar land unit in space or time. This training in arable grounds can help significantly in
satisfying such needs and take care of a portion of our squeezing issues of wood and food other
than accomplishing public objective of 33% region under tree or backwoods cover. Agroforestry
is "a maintainable land the board framework which expands the general yield of the land, joins
the creation of harvests (counting tree harvests) and woodland plants or potentially creatures all
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the while or successively on a similar unit of land and applies the executives rehearses that are
viable with the social acts of the nearby populace” (Bene et al., 1977; Ruler and Chandler, 1978).

Agroforestry is a process to enhance the benefits of cooperation between domesticated
animals and tree crops and opens the door to responding to the fuelwood emergency. It includes
agribusiness and ranger service components in which perennial woody plants are intentionally
mixed with agricultural crops or potential life-producing units. The current landscape of
agroforestry shows that there are some combinations of tree systems and practices, crops and
living things in different biological and geographical areas of the world. The immediate and
sensible response to the firewood shortage, which simultaneously brings numerous biological
and economic benefits, is to plant more trees on ranches, along roads, in protected areas and on
used land in all provincial regions. Rapidly evolving tree and shrub species have been recognized
in most agro ecological areas and can be monitored in agroforestry frameworks for fuelwood
production. A large proportion of the tree species monitored in agroforestry systems are trees or
shrubs that can meet numerous firewood requirements for ranchers, farmers and small farmers.

Ranger service and agroforestry studied as farm ranger service, social ranger service,
commercial ranger service, farms, energy farms, tree plantation etc. It could certainly help in the
production of firewood and in addressing the firewood emergencies in the country and the
helpful to the world. The possible native trees for firewood in India are Acacia nilotica,
Azadirachta indica, Casuarina equisetifolia, Calliandra calothyrsus, Dalbergia sissoo, Prosopis
cineraria, Prosopis juliflora, Leucaena leucocephala and Ziziphus mauritiana and extraordinary
species such as Acacia auriculiformis, Acacia tortilis, Eucalyptus camaldulensis and Eucalyptus
tereticcornis has been studied and found to have the potential to provide wood fuel with greater
yield, lower yield and also high versatility for different areas and environments (Pathak, 2002).

During the Agroforestry, Social Park Ranger Service and Family Park Ranger Service
exercises, it is noted that 25.72 Mha (7.82%) of the region is planted with different explicit trees
depending on the country's need for wood and firewood accumulation (Dhyani et al., 2009).
Some of the main multi-purpose trees that can be observed in cropping systems as biomass
generators are presented, highlighting their flexibility for different regions, their caloric value
and the agroforestry potential for their development.

Scope and approaches for fuelwood production in land use systems:
Agroforestry:

The idea of 'Agroforestry’ proves to be useful in satisfying these lacks through
combination of ranger service with agribusiness for expanding efficiency per unit region per unit
time. Agroforestry can possibly restore and recover corrupted lands for practical creation. It is
one of the significant choices cultivating framework for development in corrupted destinations
for the accompanying reasons:

» It can assume an exceptionally crucial part in use of the relative multitude of regular
assets in a best way for supportable yield creation by keeping up with the drawn out
creation capability of land
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» ltis asignificant instrument for capturing land degradation and improvement of grounds

> A land the board framework improves the general land efficiency and decreases assets
exhaustion through the use of positive collaboration between crop-tree-creatures in its
worldly and spatial aspects

» Agroforestry should be visible as stages in the advancement of useful agroecosystem and
another land use situation, wherein, ranchers can control and deal with their territory by
developing trees for the help or items

Some fuelwood-based agroforestry frameworks are advanced and laid out like Babul
based agroforestry framework, Albizia based agroforestry framework, Leucaena under rear
entryway trimming. Neem based agroforestry framework and some fuelwood trees on ranch
bunds like Arjun, Butea, Kapok, Drumstick, and so on.

Farm forestry:

It is the act of ranger service on ranch through bringing columns of trees up in blocks or
on bund/limits of homestead/fields. The idea of ranch ranger service can be used for the
development of fuelwood trees and thus the security of other homestead vegetation from hot
breeze and parching by establishing trees of fuel significance on all side of homestead field. The
appropriate fuelwood tree species are Acacia nilotica, Albizia lebbeck, Albizia procera, Butea
monosperma, Leucaena leucocephala and Casuarina equisetifolia.

Alley cropping:

It is an agroforestry practice in which columns of firmly established woody plants with
yearly harvests established in rear in the middle between fences. The principal object is to keep
up with or increment crop yields by progress of the dirt status and microclimate. The best model
for developing fuelwood species under back street trimming as fence column is subabul
(Leucaena leucocephala).

Social forestry:

It is an arrangement of supported creation of backwoods assets, which is executed by
individuals, of individuals and for individuals. It is the act of ranger service on lands outside the
traditional backwoods regions to assist provincial and metropolitan individuals and has the goal
of working on the personal satisfaction of the country and metropolitan populace by providing
the fuel for the locals, feed for their cows, little wood for farming carries out and other tree based
produce for the rustic poor. The species reasonable for social ranger service are Acacia nilotica
(babul), Azadirachta indica (neem), Albizia lebbeck (siris), Acacia auriculi formis, Cassia
siamea, Casuarina equisetifolia, Dalbergia sissoo (shisham). Anogeissus latifolia, Prosopis
juliflora, Terminalia arjuna, Eucalyptus spp. etc.

Energy plantation:

Planting of fuelwood species in high thickness is called as energy ranch. High thickness
short pivot (HDSR) ranger service with close planting of 40,000 to 1,00,000 stems for each
hectare to be chipped away at a turn of one to two years is proposed. It gives kindling from tree
species and generally utilized fuelwood trees are Acacia nilotica (babul), Albizia lebbeck (siris).
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Cassia siamea, Casuarina equisetifolia, Dalbergia sissoo (shisham), Prosopis juliflora,
Eucalyptus spp, and so on.
Short Rotation Forestry (SRF):

The short pivot ranger service (SRF) is one more type of tree cultivating which is the
practice of developing quickly developing trees that arrive at their monetarily ideal size
somewhere in the range of eight and 20 years of age. This procedure of tree development could
quickly expand the creation of energy plants in the nation, increment wood fuel supply in
supported premise and utilize no man's land and debased lands. Short revolution ranger service
assumes a crucial part in financial improvement as significant wellspring of resource, work, and
income procuring and natural substance for different ventures. The short pivot tree species like
Eucalyptus, babul, subabul, and so forth. The possibilities to give more prominent volumes as far
as biomass from a similar unit of land region alongside the other cultivating rehearses.

Choice of fuelwood species in agroforestry:

In India, most of the population lives in rural areas, where firewood, charcoal, crop
accumulations and animal waste meet a large part of the energy needs. Many people, especially
in the provincial areas of India, use wood for energy purposes and not for other purposes. It is
estimated that wood accounts for up to 90 percent of total energy consumption. It is important to
select the most useful trees/shrubs. In addition, the presentation of colorful species is expected to
take into account the suitability of the soil, rainfall and other requirements of the species, as well
as coordination with the countries of the developing region. When selecting trees for firewood,
the accompanying variables must be taken into account.

Table 1: Promising trees/shrubs for fuelwood production

ST Plant Species Famil Propagation Calorific Value
No. P 4 Pad (Kcallkg)
1 |Acacia auriculiformis i 4,800-4,900
Leguminosae NR: Seed, AR: DS, TP
(Wattle)
2 |Acacia catechu (Cutch i NR: Seed, AR: DS, TP 5,142-5,244
Leguminosac .
tree) ST:24 hr water soaking
3 |Acacia mangium ) NR: Seed AR: DS, TP,
) Leguminosae 4,800-4,900
(Mangium) ST: None
4 |Acacia mearnsii (Black i
Leguminosae - 3,500-4,000
wattle)
5 |Acacia nilotica (Babul) ) NR: Seed, AR: DS, TP,
Leguminosae ) 4,870-4,950
ST: 40 hr water soaking
6 |Acacia Senegal (Gum i NR: Seed, AR: DS, ST:
i Leguminosae -
Arabic) hot water
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7 |Acacia tortilis (Israeli NR: Seed scanty, AR: DS, TP
babul) Leguminosae | ST-30 min. hot water NR: Seed 4,400
scanty
8 |Albizia lebbeck (Kala . AR: DS, TP, ST-30 min. hot
. Leguminosae 5,163-5,166
Siris) water
9 |Albizia procera (White i
. Leguminosae NR: Seed AR: DS, TP -
Siris)
10 [Alnus nepalensis
] Betulaceae NR: Seed, AR: DS -
(Indian alder)
11 [Anogeissus latifolia Combretaceae | NR: Seed, AR: TP, ST: None 4,948
12 |Azadirachta indica NR: Seed, coppice & root
(Neem) Meliaceae suckers -
AR: DS, TP, stump planting
13 |Butea monosperma ) NR: Seed, root sucker, AR: DS, 4,909
Leguminosac .
stump planting
14 |Cajanus cajan Leguminosac AR: DS, ST: None -
15 |Calliandra calothyrsus NR: Seed, AR: DS, SP
(Calliandra) Leguminosae ST-hot water than cold water -
soaking
16 |Cassia siamea (Kassod ) NR: Seed, AR: DS, SP, ST-10-
Leguminosae L e -
tree) 30 min acid scarification
17 |Casuarina equisetifolia NR: Seed but poor, AR: T, air
(Sea oak) Casuarinaceae | layering, rooting cladodes, ST- 4,950
water soaking
18 |Dalbergia sissoo NR: Seed, AR: DS, TP,
(Shisham) Leguminosac coppices, suckers, ST-48 hr | 4,908-5,181
water soaking
19 |Eucalyptus
. NR: Seed, AR: TP, ST: None,
camaldulensis Myrtaceac 3,172-5,680
NR: Seed
(Red gum)
20 |Eucalyptus tereticornis
Myrtaceac NR: Seed, AR: TP, ST: None | 3,172-5,680
(Mysore gum)
21 |Gliricidia sepium ) AR: cuttings ST: Hot water
L Leguminosae i 4,900
(Gliricida) soaking
22 |Gmelina arborea NR: Seed, AR: DS, TP, suckers
Verbenaceae. i ) 4,763-4,800
(Gambar) ST-Alternate wetting & drying
23 |Grevillea robusta
Proteaceae NR: Seed AR: DS 4,800-4,950

(Silver oak)
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24 |Leucaena leucocephala i NR: Seed plenty, AR: DS. TP,
Leguminosac ) 4,200-4,600
(Subabul) suckers coppice, ST-None
25 |Mangifera indica .
Anacardiaceae AR: TP -
(Mango)
26 |Melia azedarach (China i NR: Seed, AR: DS, TP, ST-
Meliaccac ) 5,043-5,176
berry) Water soaking
27 |Morus alba (Mulberry) Moraceae NR: Scanty, AR: Cutting 4.371-4,773
28 |Pithecellobium dulce ) NR: Seed, AR: Cuttings ST:
] ) Leguminosae -
(Jungal jalebi) None
29 |Prosopis cineraria i NR: Seed, AR: root suckers,
. Leguminosac ) 5,000
(Khejri) ST: 24 hr water soaking
30 |Prosopis juliflora i NR: Seed, AR: Seed, root
) Leguminosae i 5,000-5,500
(Mesquite) suckers ST: 24 hr water soaking
31 |Sesbania grandiflora ) NR: Seed, AR: DS, Cultting,
i Leguminosae 4,350
(Sesbania) ST: None
32 |Syzygium cumini i
Myrtaceae NR: Seed, AR: DS, Cutting, TP 5,834
(Jamun)
33 |Tamarindus indica ) )
) Leguminosae DS, EP, ST-water soaking 4,909-4,969
(Tamarind)
34 |Terminalia tomentosa Combretaceae NR: Seed, AR: DS, SP 4,923
35 |Ziziphus mauritiana )
Rhamnaceae DS,BC,EP, ST-Water soaking 4,878

(Indian jujube)

Note: NR-Natural Regeneration; AR- Artificial Regeneration; DS- Direct Seeding: TP
Transplanting; EP- Entire Planting; ST- Seed Treatment

Quickly developing (adjust rapidly and yield a greatest volume of wood in a brief time frame)
Nitrogen fixing capacity, Lays out without any problem and Low supplement prerequisite
Soil balancing out and keeping up with soil fruitfulness

No harmfulness to soil Require less consideration and the executives
Reasonable to short revolution fuelwood creation frameworks Protection from sicknesses

>

YV V V

YV V V V

and irritations

Resistance to dry season and other climatic anxieties and Great ability to coppicing
Capacity to deliver wood with high calorific worth

Multipurpose purposes that add to the homestead pay
Wide adoptability and flexibility (to fill effectively in a great many conditions, including
different soil types, precipitation systems, measures of daylight and landscapes) Produce

trees without thistles
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» Tree have little stems and branches with less breadth and Produce wood that parts without
any problem with Low wood dampness content or dry somewhat rapidly

» Produce insignificant and non-harmful smoke (low debris and sulfur content) when
consumed

» Not spit or flash while consuming with Great ignition values and Produce thick wood and
consume long time

A few animal groups frequently utilized for fuelwood are Acacia auriculiformis.
Casuarina equisetifolia, Gliricidia sepium, Calliandra calothyrsus and Leucaena leucocephala.
The cultivators and ranchers can develop fuelwood trees in different mixes with different
harvests as in Agroforestry and in block estates for the creation of fuelwood. The kindling
species which are of normal and significant according to the fuelwood creation perspective in
different agro-climatic district in the nation are expounded in their development and engendering
methods and calorific qualities.

Management of fuelwood trees:

The development of fuelwood tree species for wood energy doesn't need nonstop
administration, just great silvicultural rehearses for expanded kindling creation and enhancing
the advantages from the tree-crop point of interaction are required. Kindling creation in
coordinated Agroforestry frameworks is suitable to this fuelwood supply perspective. Utilizing
suitable species on proper locales and environment, wood energy can be created in business way.
In cultivating frameworks, trees for kindling creation can be laid out in ranch limits, on shapes,
dispersed on ranches or as rotational woodlots. Right dividing of established trees is imperative
to coordinated creation. Ordinarily 2m x 2m dispersing is a standard escapement for fuelwood
creation. In the event that appropriately made due, fuelwood species can self-recharge.

Most tree species have high coppicing skills and can be overseen on short pivots. The
capacity to coppice or develop quickly from stumps is significant for kindling species which
permits rehashed harvests without the expense and exertion for replanting seedlings each time.
Most woods consume, yet there are properties that separate their general incentive for fuel.
Thickness is the broadest proportion of wood consuming quality. The heavier the wood (when
dry), the more prominent its calorific worth. Subsequently legitimate selection of species is basic
for kindling crop foundation. Based on tree development and the board the improvement of a
kindling creation framework is separated into various stages:

1. Pre-establishing stage: It incorporates site planning, improvement of soil fruitfulness
and weed control

Foundation stage: From planting until the hour of the main pruning or diminishing

. Silvicultural the executives stage: During which all the diminishing and pruning are
finished
4. Developing stage: During which the trees are left practically unattended until they arrive
at development 5. Gathering stage: Felling and transformation
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Conclusion:

Agroforestry is widely used in the disadvantaged region as a sustainable, low-information
system to replenish soil wealth and increase production. In India, the firewood markets are filled
with wood from Acacia nilotica, Tamarindus indica and Prosopis spp. flooded. In addition,
despite the enormous scale of efforts by state authorities to produce firewood, exotic species
such as Leucaena, Casuarina and Eucalyptus are used (Vandenbeldt 1990). The above realities
lead us to believe that agroforestry, such as family gardens, park ranger services and other
structures, are the main source of firewood and firewood for local use in numerous regions of the
country. In addition, joint efforts from exploration institutions, the government, people's
organizations and NGOs are also required to undertake efforts and activities to alleviate the
growing shortage of firewood, such as:

» Promote the use of elective energy sources, for example biogas and solar heating.

» Productive use of firewood.

» With increased production of firewood on ranches/livestock fields under integrated
cultivation, rapidly developing tree species with sufficient calorific value, identified
through research, are expected to establish trees in formal strips, on ranch boundaries,
etc. Delivering firewood. Harvesting firewood on ranches could help reduce deforestation
caused by firewood harvesting.
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Abstract:

Soil erosion phenomena this occur in the natural by wind and water but every year top
fertile soil is loss due to sevier cause by wind as well as water erosion. Soil can separate step by
step into more modest particles. On the off chance that this occurs on inclining land, these
particles might be moved down the slant. Soil disintegration is the expulsion of the surface soil
from regions exposed of their normal defensive cover because of human and creature
interruption and happens at a lot quicker rate than that it is developed by the dirt shaping
interaction. Precipitation erosivity is exceptionally connected with soil misfortune. Expanded
downpour erosivity demonstrates more prominent erosive limit of the overland water stream.
Surface is the chief component influencing K-factor however structure, natural matter, and
penetrability likewise contribute. The dirt erodibility calculate goes esteem from 0.02 to 0.69.
Soil preservation and conservation as a mix of controlling disintegration and keeping up with soil
richness. Soil preservation is the blend of various coordinated approaches with four significant
trains like ranger service, agronomy, designing and soil science. Trees in Agroforestry delayed
down water development, diminish surface stream, and work with water penetration into the
ground.

Keyword: Soil erosion, Conservation, Agronomical and Agroforestry practices
Introduction:

Soil and water are generally fundamental for the development and food of vegetation.
Soil is significant as it gives, traction for plants and greater part of supplements required by
them. Water is fundamental as it structures bigger piece of the living matter and goes about as a
supplement transporter. However, both soil and water assets are accessible in bounty, they are
not conveyed similarly in quality and amount in all aspects of the world and are not limitless.
Their maltreatment would mean an extraordinary misfortune bringing about destitution. It
requires hundreds of years to shape one inch layer of soil, yet it doesn't take long to lose it by
disintegration. Research has shown that deficiency of soil from unprotected land is essentially as
much as 125 tons for each hectare consistently and might be basically as high as 300 tons in a
solitary year. The heaviness of one hectare of soil 2.5 cm profound is around 325 tons.
Essentially, downpour water which can support a decent harvest, in the event that not rationed as
expected won't just goal shortage and starvation, yet in addition wash away the dirt which is a
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significant public resource. There are numerous models which show how once ripe fields and
valleys have become deserts or fruitless grounds because of disregard by humankind. It is the
excellent obligation of every age to moderate soil, which is the primary capital of the rancher as
well as the country, no matter what and pass it on in great shape starting with one age then onto
the next.

Soil erosion:

The Unified Countries Show to Battle Desertification (UNCCD) has characterized soil
disintegration as one of the primary drivers of land corruption and desertification. Soil
disintegration implies the cycles by which soil is eliminated from one spot by powers like breeze,
water, waves and human exercises and in the long run stored at some new spot (Choudhury and
Jansen 1999). Soil totals can step by step separate into more modest particles. On the off chance
that this occurs on inclining land, these particles might be moved down the slant. The water
which runs from a slant during a weighty downpour is canceled run. Significant elements
impacting soil disintegration are the precipitation design, incline steepness (inclination), slant
length, soil type, existing disintegration control structures, editing practices and time. The more
grounded the downpour and the more extreme the incline, the more and the quicker water
disintegration happens. As opposed to regular disintegration which happens gradually, human-
incited disintegration can happen quickly with a lot of soil being taken out. On the off chance
that this occurs, it tends to be a serious danger to rural creation and the climate. Disintegration
generally makes nearby impacts, for example outcomes at the spot from where the dirt is taken
out and off-site impacts, for example results at places which are impacted by the vehicle of
disintegrated soil or where the eliminated soil is saved.

Geological erosion:

Typical or geologic disintegration is a typical element of any scene. It happens where soil
is right at home encompassed by its regular vegetation without human unsettling influence.
Geologic disintegration has been occurring normally for a long period of time and it assists with
making balance in crude soil that empowers plant development. There is consistently harmony
between the evacuation and development of soil, with the goal that except if a few external
specialists upsets the balance, the full grown soil safeguards pretty much, a steady profundity and
character endlessly. Geologic disintegration happens step by step yet at such a leisurely pace that
ages are expected for it to make any observable modification in the significant elements of the
world's surface.

Accelerated erosion:

It is a disintegration cycle happening at an expanded rate under states of environmental
disequilibrium. Sped up disintegration is the most hazardous sort and it needs purposeful
endeavors through cautious preparation and execution of proper control measures. Sped up soil
disintegration is the expulsion of the surface soil from regions exposed of their normal defensive
cover because of human and creature interruption and happens at a lot quicker rate than that it is
developed by the dirt shaping interaction. This sped up separation quickly assaults the land and
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this sort of soil disintegration is thought of as serious. Nature expects, on a normal, around 1,000
years building 2.5 cm of-top soil yet off-base cultivating techniques might require a couple of
years to disintegrate it from grounds of normal slant.
Wind erosion:

The breeze can eliminate the important fine soil on the land surface. Wind disintegration
happens typically in dry and semi-dry regions that are without any trace of vegetation, where the
breeze speed is high. The dirt particles on the land surface are lifted and passed over as residue
storms. At the point when the speed of the residue bearing breezes is impeded, unpleasant soil
particles are kept as rises. In this way, ripe grounds are delivered undesirable for development. In
different spots, prolific soil is floored by winds and the earth is uncovered, accordingly the useful
limit of the dirt is impressively decreased.

Water erosion:

It is a two-section process including the separation and transport of soil particles. The
water disintegration process comprises of discrete stages from downpour drop effect on the
development of ravine disintegration. Each stage has its own cycles and attributes. Controlling or
forestalling water disintegration requires a comprehension of each move toward the
disintegration interaction. Water disintegration causes serious soil disintegration and this
classification of soil disintegration can be recognized in four structures, in particular sprinkle
disintegration, sheet disintegration, brook disintegration, and crevasse disintegration.

Soil disintegration = f (Erosivity of downpour) x (Erodibility of soil)
Erosivity of rain (R-Factor):

It is characterized as the force of overland stream spillover to disintegrate soil material.
This is part of the way a property of the precipitation, and somewhat of the dirt surface.
Precipitation erosivity is a climatic variable which not entirely settled from nearby precipitation
information. Precipitation erosivity is exceptionally connected with soil misfortune. Expanded
downpour erosivity demonstrates more prominent erosive limit of the overland water stream.
Soil disintegration by running water happens where the power and term of rainstorms surpasses
the limit of the dirt to invade the downpour. Where rainfalls are extraordinary, it is especially
pressing to take on preservation and the board methods to safeguard the dirt during the stormy
season. Precipitation erosivity relies principally upon precipitation power and sum. Precipitation
erosivity is a significant boundary for soil disintegration risk appraisal under future land use and
environmental change. For computing erosivity, the altered rendition of the Fournier list (FI) has
been utilized.

Fourier Index=Pi/p

Where,

'Pi" is the precipitation total in month i, and
'p' is the mean annual precipitation total.
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Table 1: Classification based on Fournier Index

Class Description Fourier Index (FI) Range
Very low <60

Low 60-90

Moderate 91-120

High 121-160

Very high >160

Erodibility of soil (K-Factor):

The dirt erodibility factor is a quantitative portrayal of the inborn erodibility of a specific
soil. It is a proportion of the weakness of soil particles to separation and transport by
precipitation and overflow. For a specific soil, the dirt erodibility factor is the pace of
disintegration per unit disintegration file from a standard plot. The component mirrors the way
that various soils dissolve at various rates when different elements that influence disintegration
(e.g., invasion rate, porousness, absolute water limit, scattering, precipitation sprinkle, and
scraped spot) are something similar. Surface is the chief component influencing K-factor
however structure, natural matter, and penetrability likewise contribute. The dirt erodibility
calculate goes esteem from 0.02 to 0.69.

Types of water erosion:

Splash erosion: Sprinkle disintegration is the principal phase of the disintegration interaction. It
happens when raindrops hit uncovered soil. The unstable effect separates soil totals so individual
soil particles are 'sprinkled onto the dirt surface. The sprinkled particles can ascend as high 60cm
over the ground and move up to 1.5 meters from the focal point. The particles block the spaces
between soil totals, so the dirt structures an outside layer that decreases penetration and
increments overflow.

Sheet erosion: Sheet disintegration alludes to the uniform development of a dainty layer of soil
across a territory of land without vegetative cover. Raindrops isolate soil particles, which go into
arrangement as overflow happens and are shipped downstream to a mark of testimony. Affidavit
happens when overflow eases back to where soil particles can never again stay in suspension.
Plowed horticultural fields and building locales are liable to sheet disintegration.

Rill erosion: At the point when sheet streams start to focus on the land surface, brook
disintegration happens. While sheet disintegration is for the most part undetectable, rivulet
disintegration leaves noticeable scouring on the scene. This sort of disintegration happens when
the span or force of downpour increments and spillover volumes speed up. Streams might
become steady through soil solidification; nonetheless, they are as yet the significant dregs
transport course for soil disconnected on the between stream regions. Worked on comprehension
of the capacity of downpour affected streams in brook to move dregs is expected to work on the
evaluations of residue transport and conveyance.
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Gully erosion: Brook disintegration advances into gorge disintegration as length or force of
downpour proceeds to increment and spillover volumes keep on speeding up. Ravines are steep
sided channels framed by the blend of numerous brooks. A chasm is by and large characterized
as a scoured-out region that isn't crossable with culturing or reviewing gear.
Other forms of erosion
Tunnel or pipe erosion: Passage or line disintegration happens when surface water moves into
and through dispersive sub-soils. Dispersive soils are ineffectively organized so they dissolve
effectively when wet. The passage begins when surface water moves into the dirt along breaks or
channels or through bunny tunnels and old tree root cavities. Dispersive dirts are quick to be
taken out by the water stream. As the space grows, more water can pour in and further dissolve
the dirt. As the passage extends, portions of the passage rooftop breakdown prompting potholes
and chasms. Signs of passage disintegration incorporate water drainage at the foot of a slant and
fine residue fans downhill of a passage outlet. Remediation activities incorporate tearing open
existing passages, revegetation, and expanding soil natural matter. Broad earthworks might be
required.
Tillage erosion: Culturing disintegration moves soil from the highest point of the field
descending, uncovering dirt at the peak while covering soil at the base. After numerous long
periods of culturing, dirt gathers at the lower part of the slant. No dirt passes on the field because
of culturing disintegration, however the impacts for efficiency and expanded yield inconstancy
can be gigantic.
Stream channel erosion: Stream channel disintegration comprises of both stream bed and
stream bank disintegration. Stream bed disintegration happens as streams cut into the lower part
of the channel, making it more profound. This disintegration interaction will go on until the
channel arrives at a steady slant. The subsequent incline is subject to the channel materials, and
stream properties. As the stream bed disintegrates, and the channel extends, the sides of the
channel become temperamental and swamp off bringing about stream bank disintegration.
Stream bank disintegration can likewise happen as delicate materials are dissolved from the
stream bank or at twists in the channel. This sort of stream bank disintegration brings about
wandering streams. One critical reason for both stream bed and stream bank disintegration is
because of the expanded recurrence and term of overflow occasions that are a consequence of
metropolitan turn of events.
River bank erosion: This is a typical peculiarity in the streams of the eastern and western
Himalayan locales. During floods, the streams sabotage their banks and huge pieces of expanse
of land are overwhelmed by rising water. This prompt widening of waterway bed sand shifts in
their directions.
Landslides or slip erosion: During rainstorm season or weighty deluge, the slopes get immersed
with water bringing about unsteadiness of the body of land. The total surface part of soil might
descend its genuine position, causing avalanches. Avalanches are extremely normal in slopes and
tremendous amounts of soil are washed away in streams and waterways. Slopes absent any trace
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of vegetation are more inclined to slip disintegration, making harm rural terrains, plantations,
correspondence frameworks and living souls.

Coastal erosion: The solid rushes of ocean strike against the coastline causing huge scope soil
disintegration. For this situation, disintegration is a consolidated impact of wind and water.
Predicting soil erosion

Universal Soil Loss Equation (USLE):

By considering all factors, an expectation condition was created for working out the dirt
misfortune, called as General Soil Misfortune Condition (USLE). It accounts all boundaries
influencing the dirts misfortune and predicts the yearly soil misfortune. It figures sheet
disintegration. It isn't utilized when slant are more extreme than 20%.

A=RKLSCP (Wischmeier and Smith 1965)

Where,

A = Estimated gross erosion (t ha/year)

R=Rainfall erosivity factor

K= Soil erodibility factor

L Slope length factor S=Slope gradient factor

C=Crop cover or vegetation management factor

P=Support conservation practice factor
Demerits of USLE:

This condition doesn't process the silt yield from the watershed straightforwardly. Yearly
silt yield can be resolved which is less significant for plan of water stockpiling structures. This
condition is utilized in little watershed to forecast of soil misfortune.

Modified Universal Soil Loss Equation (MUSLE):

This condition figures dregs yield either month to month or occasional. This condition is
utilized in enormous watershed for expectation of soil misfortune.

Y =95 (Qq)*°® KLSCP (Williams 1975)
Where,

Y = Sediment yield for an individual storm (t/ha)

Q=Volume of runoff (ha™)

q = Peak flow rate (m®)

E =f (IKCLV) (Chepil and Woodruff 1965)

Where,

E=Average annual soil loss (t/ha/year)

| = Soil erodibility

K = Roughness

C=Control of soil conservation measure

L= Slope length

V = Vegetation
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Soil conservation

Soil preservation fundamentally implies an approach to keeping everything set up, in a
real sense as well as in a more dynamic feeling of keeping up with the elements of the dirt in
supporting plant development. Soil protection rehearses include overseeing soil disintegration
and its partner interaction of sedimentation, decreasing its adverse consequences and taking
advantage of the new open doors it makes. Soil preservation as a mix of controlling
disintegration and keeping up with soil richness. Soil preservation is the blend of various
coordinated approaches with four significant trains like ranger service, agronomy, designing and
soil science. Previously, the emphasis has been on attempting to keep the dirt at its place by plot-
level exercises as it were. At present, the consideration has changed to scene level methodologies
where sedimentation is concentrated alongside disintegration, and the job of channels (trail,
streets, streams) is incorporated as well as the channels that limit the overland progression of

water and additionally suspended silt.

Cultivated land

Agronomic measures

Soil management

Mechanical methods

Mulching:
Natural,
Synthetic

Conservation tillage:
Contour tillage, Ridging,
Minimum tillage

Terracing,
Water ways,
Structures,

Crop management:
High density planting
Multiple cropping: Crop
rotations, Strip cropping
Cover cropping (Fallow
system)

Preservation, advancement and the executives of the land assets guarantee the physical,
synthetic and natural wellbeing of soil profile and water assets which are of prime significance. It
likewise helps for soil dampness protection and flood control on account of water assets. In a
prevalently rural framework, the goal of working on the efficiency, productivity and flourishing
of the ranchers and accomplishing horticultural improvement on a biologically supportable
premise can be achieved just when protection, improvement and the executives of soil and water
assets are guaranteed.

Types of soil conservation measures:
» Agronomic: like plant/soil cover, protection cultivating techniques, shape cultivating
» Vegetative: for example, Agroforestry, establishing boundaries (vegetative strips). Live
fences, shape supports, windbreaks
» Underlying: like patios, Fanya Juus, Fanya Chini, banks, bunds, cut off channels,
hindrances, check dams, crevasse plugs, shape channels, ditches, broadbeds and wrinkles
» Generally, The board: for example, region terminations, particular clearing
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Role of agroforestry in soil and water conservation:

Agroforestry assumes a huge part in soil and water preservation, particularly in sloping
regions, where serious soil disintegration is significant area of worry because of defective
development rehearses. Trees in the Agroforestry frameworks give great vegetative cover to the
dirt, diminish overflow and soil misfortune, and improve soil physical, compound and natural
properties and furthermore give grain, fuelwood, foods grown from the ground items.
Agroforestry can be utilized to enhance and escalate cultivating frameworks. Agroforestry,
through combination of native trees-crops and the taming of different tree/bush species has been
proposed as one of the manners in which that is valuable to the dirt and water protection and
climate enhancement. Agroforestry potentially envelops a portion of these properties of perpetual
vegetation in controlling disintegration from rural fields (Youthful, 1989)

Importance of agroforestry in soil and water conservation:

Agroforestry helps in upgrading the utilization of assets through the standards of reusing,
assimilating the information creation, lessening risk and saving regular assets. It can diminish
erosivity of precipitation and erodibility of soil through scattering of energy of raindrops by
overhang at low levels, surface litter, deterring spillover, root restricting and further develops soil
natural matter, physico-substance and organic properties. Trees in Agroforestry delayed down
water development, diminish surface stream, and work with water penetration into the ground.
Attaches help to hold the dirt set up, make full scale pores to expand penetration and improve
soil dampness holding limit. Shelter of the trees in Agroforestry give conceal which forestalls the
dirt to turn out to be excessively dry and help in keeping up with miniature environment. Shelter
likewise helps in decreasing the effect of downpour drops on the dirt, in this way diminishing
soil disintegration and expanding water retention into the ground. Litter from Agroforestry
forestalls overflow and permits the water to permeate into the dirt consequently assisting ground
with watering re-energize. Dead plants decay to frame humus, natural matter that holds the water
and gives supplements to the dirt. The hydrological cycle and microclimate is additionally
impacted by agroforestry. Trees in agroforestry help sifting the water consequently, keeping it as
dregs free as could be expected and keeping up with high water quality. The surface cover,
garbage and tree establish in agroforestry trap silt and stop their down slant development and
helps in settling slants and forestalling shallow avalanches. The impact of lasting vegetation in
controlling disintegration nonetheless, relies upon various factors, for example, shelter cover,
ground vegetation, litter impacts, root impacts and changes in the physio-compound properties of
the dirt (Bhatt et al., 2001).

Agroforestry practices for soil and water conservation:

Agroforestry has shown empowering brings about the Himalayan lower regions and
valley locales for upgrading efficiency and capturing the course of land corruption. It offers
reasonable options in contrast to unfortunate ranchers instead of costly customary protection
measures. A portion of the agroforestry rehearses for soil and water preservation are examined as
under:
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Plantation crops:

An extensive variety of agroforestry frameworks fall under the act of manor crop O
blends (crop with MPTs). In India, enormous region of the damp jungles are described by
moderate to soak slants and agrarian estate harvests, for example, tea, espresso, cacao, oil palm,
elastic and pineapple are much of the time developed on these areas. Tea (Camellia sinensis) is
grown under shade of Albizia lebbeck, A. procera, Acacia lenticularis, Grevillea robusta, Acacia
spp., Erythrina lithosperma and Indigofera teysmannii. coffee (Coffea arabica) plants are grown
under the shade of Erythrina lithosperma as temporary shade while, permanent shade trees
include Ficus glomerata, F. nervosa, Albizia chinensis, A. lebbeck, A. moluccana, A. sumatrana,
Dalbergia latifolia, Artocarpus integrifolia, and Grevillea robusta. Cacao (Theobroma cacao) is
grown under the shade of coconut and arecanut, and Dipterocarpus macrocarpus (in forest).
Black pepper (Piper nigrum) is grown with support from Erithrina indica, Garuga pinnata,
Spondias spp., Mangifera spp., Gliricidia maculata and Grevillea robusta. Small cardamom
(Elettaria cardamomum) and large cardamom (Amomum subulatum; A. aromaticum) grow in
forests under temporary shade tree of Maesopsis eminii. Large cardamom is grown under the
shade of natural forest as well under planted shade trees viz. Alnus nepalensis, Schima wallichii,
Cinchona spp., Lagerstroemia spp., Albizia lebbeck, A. julibrissin, and Bischofia javanica
(Tejwani 1994).

In Sikkim, among the tree species developed with huge cardamom, Alnus napalensis is
the transcendent. Alnus nepalensis, a quickly developing tree gives fuel and wood as well as
fixes environmental nitrogen and enhances the dirt by adding leaf litter which thusly helps the
huge cardamom (Singh et al., 1989). The trees in this training are either divided haphazardly or
routinely. Manor crop mixes are useful in enlarging the pay of ranchers other than rationing the
dirt and water assets productively. Disintegration control in these kinds of framework relies upon
the dividing/thickness and the board practices of the trees. Where the overhanging trees are
generally separated, as normal in tea manors and some espresso frameworks, their impact isn't
significant, and disintegration control relies upon great administration of the ranch crop itself.
Tree shade with close separating is successful, however the limit of these thick, blended
agroforestry frameworks to control soil disintegration relies upon keeping up with surface litter
and ground cover. The administration practice of keeping the ground uncovered through
synthetic weed control, for simplicity of support, is profoundly bothersome according to a
disintegration control perspective. In sloping area particularly in upper east, land the executives
perspective, the blend of the expansive leaved trees and pineapple with enormous cardamom;
arecanut, dark peeper and pineapple on slants, any place the dirt and environment are
appropriate, wouldn't just enhancement the pay from plantation yet in addition help in the
protection of soil and water (Tomar et al., 2007).

Multistorey homegardens:

Homegarden is an advanced age practice in many pieces of the country especially in

Kerala, northeastern states, portions of West Bengal, and Andaman and Nicobar Islands. In this
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training, number of trees, crops, animals, poultry and additionally fish creation are become
together to meet the essential necessities of the rancher. Various parts possess various layers in
homegardens which are useful in preserving the dirt and water. Top most layers is involved by
woodland trees, the center by natural product trees and the ground crops are by and large
agrarian yields, flavors and so on. Coconut, arecanut, guava, mango, citrus, tamarind, jackfruit,
papaya, banana, Moringa, Sesbania and custard apple are the significant trees filled in home-
gardens. They give leafy foods, and furthermore support climbers. Espresso and cacao are
likewise tracked down in these nurseries. Among food crops, cassava, sweet potato, yam, taro,
elephant-sweet potato, and vegetables are developed. Flavors incorporate cardamom, cinnamon,
clove, ginger, nutmeg, pepper and turmeric. Pineapple is normal organic product developed as
ground story crop. Accordingly, home nurseries are additionally viewed as fantastic devices for
biodiversity protection (Tejwani, 1994). This is profoundly useful, completely economical and
entirely practicable framework. The training is useful in diminishing disintegration attributable to
the front of herbaceous plants and litter.

Hedgerow intercropping and barrier hedge:

Hedgerow intercropping (likewise called back street editing) has various targets including
fruitfulness support, and might be drilled on level or slanting area. In this training, perpetual,
leguminous trees or bushes are developed all the while with an arable yield. The trees are
overseen as hedgerows and yearly harvests are filled in wide columns between the trees. During
the trimming stage, the trees are pruned and the pruning are utilized as green excrement or mulch
on the harvest to work on the natural matter status of the dirt and to give supplements, especially
nitrogen, to the yield. The hedgerows are permitted to develop uninhibitedly to conceal the
between columns when there are no yields. Back street trimming holds the essential supportive
properties of the bramble neglected through supplement reusing, ripeness recovery and weed
concealment. It joins these qualities with arable editing so that all cycles happen simultaneously
on a similar land, permitting the rancher to trim the land for a lengthy period.

Gliricidia sepium, Calliandra calothyrsus, Leucaena leucocephala, Flemingia
macrophylla and Erythrina subumbrans are some of the important species used in hedgerow
intercropping. The elements of the supports in soil preservation are to check soil misfortune
through the cover impact and by laying pruning's on the ground surface in the edited back streets.
It can diminish overflow and soil misfortune through the hindrance impact, further develop
invasion and soil ripeness through the rot of pruning's and root buildups, and foster porches
logically. During summer, the trees shield the yields from extraordinary sun oriented radiation
and high wind speed, and decrease the pace of evapotranspiration.

Boundary planting and live fences:

Field limits, when adjusted along the form, are a viable method for disintegration control.
It will be great in the event that this can be joined with useful and administration capabilities
through limit planting or live fences. Multipurpose tree species like Acacia nilotica, Azadirachta
indica, Holoptelea integrifolia, Moringa oleifera, Mangifera indica, Pithecellobium dulce and
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Annona squamosa, having different purposes, viz. fuel wood, grub, posts and little lumber and
minor backwoods produces, are developed on agribusiness field limits in close dividing under
rainfed as well as flooded conditions. The locally accessible tree species are for the most part
chosen for establishing on the field limits or as need might arise of the ranchers. Ranchers of
northeastern district develop bamboo up and down the water system channels. In various pieces
of India, Eucalyptus and Populus are usually developed along the field limits or bunds. Different
trees which are seen as developed as limit manors or live support incorporate Acacia nilotica and
Dalbergia sissoo. Large numbers of the limit estates additionally go about as shelterbelts and
windbreaks and assist in checking with winding disintegration, at last saving the dirt.

Trees are likewise held as live wall in various pieces of the country. For instance,
Jatropha, Ficus, Ceiba pentandra, Vitex trifolia, Erythrina, and Carissa, are utilized as live-
supports at close (2 m) dispersing. At many spots, Agave and numerous cactoids are developed
as normal live-wall. Pruned material of live wall is utilized as grain, green fertilizer and
fuelwood. Live fences through their thick stem assist in checking with sedimenting misfortunes
and helps in forestalling the dirt disintegration. Profound foundations of the live fences assists in
taking-up the water from more profound soil with layering. Further, they are additionally useful
in improving soil wellbeing. Also, live posts are utilized as wall presents on help security fencing
for insurance from biotic impedance and giving grain, fuelwood and green compost. Tree
hindrances are likewise powerful in monitoring soil and dampness. A review directed at
Dehradun showed that residue statement along fence columns during a time of three to nine
years of tree age fluctuated from 184 to 256 t ha which is comparable to 15 to 20 mm of soil
profundity. Eucalyptus tereticornis and Eulaliopsis binata brought up in Shiwalik lower regions
(@ 2500 trees ha) in matched columns with under story grass planted at 50 cm x 50 cm
separating permitted no dirt misfortune with a yearly return of about Rs. 4000 ha yr from
business grass alone adjacent to unexpected gets back from Eucalyptus and ended up being more
gainful than customary downpour took care of yield.

Plantation of soil binding grasses:

Slants having free material and weighty soil disintegration should be put under manor of
soil restricting enduring grasses for asset preservation and biomass creation. Grasses, when
developed as vegetative hindrances, act as great channel strips to check disintegration and
improving efficiency of horticulture crops. Grass species, for example, Panicum most extreme,
Vetiveria zizanioides, Eulaliopsis binata, Thysanolaena maxima (brush grass) and Saccharum
spp. are viewed as compelling. Panicum greatest and Pennisetum purpureum (napier grass) have
been found appropriate in the Shiwalik and lower slopes. Maize and wheat yield were found to
increment by 23-40 percent and 10-20 percent separately when planted with vegetative grass
obstructions. Vegetative obstructions of grasses can lessen the spillover and soil misfortune by
18-21 percent and 23-68 penny individually on slants changing from 2-8 percent.
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Windbreaks and shelterbelts:

The role of windbreaks and shelterbelts in controlling breeze disintegration in semi-bone-
dry areas is deeply grounded. Windbreak or shelterbelt is a thickly established portion of tall
vegetation typically between 50-200 feet wide situated at right point to the bearings of winning
breezes to lessen their speed close to the ground. This can diminish the breeze speed by 20-25
percent on a normal and slow the dissipation rate by around 10% during day time and around 4%
during night. Shelterbelts additionally well impact temperature. Ranchers construct shelterbelt by
either little dead wood or nearby vegetation to really look at wind speed inside more secure
cutoff points. These are necessary piece of dry land use frameworks. Acacia nilotica, Albizia
lebbeck, Azadirachta indica, Tamarix articulata, other Acacia spp., Casuarina equisetifolia and
Parkinsonia aculeata are the normal tree species utilized as shelterbelts. Calligonum
polygonoides, Crotalaria burhia, Leptadenia pyrotechnica and Aerva pseudotomentosa shrubs,
and grasses, for example, Cenchrus ciliaris, C. setigerus, Lasiurus sindicus are utilized in
windbreaks. Dead wood and bushes are likewise filled in checker board framework to really take
a look at the development of sand rises. This long-lasting vegetation assists with gathering sand
and actually looks at the dirt disintegration. This additionally assists with expanding crop yields
along the lines. Shelterbelts and windbreaks are likewise filled in plantations in agri-horti
framework for safeguarding organic product trees and to improve tasteful and ecological
qualities.

Silvopastoral practices:

Soil disintegration on pastures is much of the time more serious than on croplands.
Extreme sheet disintegration and gullying are both normal. The underlying reason is degradation
of the vegetation through overgrazing, which prompts a meager once in a while very nearly zero
ground cover, leaving the dirt open to disintegration. It is entirely expected for 10 cm or a greater
amount of dirt to be eliminated. Such disintegration happens in semi-parched locales relying
fundamentally upon brushing and ashore utilized for field in areas of blended cultivating.
Silvopastoral rehearses remember dissipated trees for pastures (for example frameworks with
Faidherbia albida or other Acacia species), blends of manor crops with pastures (for example
dairy cattle under coconuts, sheep under elastic), live fences, grain banks, windbreaks and
shelterbelts, and hedgerow intercropping on pastures. The capability of windbreaks to control
wind disintegration is deep rooted. It would be of extraordinary worth on the off chance that
implies were found for applying silvopastoral practices to the control of water disintegration.
Assuming this is endeavored basically by establishing trees, without different changes in the
administration of corrupted pastures, it won't find lasting success. The essential standards of field
the board, for example, limitation of animals numbers and rotational munching, are an essential
to disintegration control concerning some other part of silvopastoral frameworks.

In a sound field the executives, trees might add to disintegration control in various ways.
It very well might be feasible to utilize live fences to control animals development and helping
rotational brushing. The immediate impact of the tree shade in decreasing raindrop influence is
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probably not going to be significant. In any case, the best potential is through roundabout means.
A known capability of trees in silvopastoral frameworks is to supply protein-rich grain on
occasion of year when grass is missing or unpalatable. This can be through direct peruse, as by
sheep, goats and game creatures, or through cut-and-convey grain. By diminishing brushing
pressure, such strategies can prompt a superior vegetation cover and in this manner less
disintegration at the basic time frame, the beginning of the downpours. As with silvopastoral
rehearses as a rule, these contemplations apply to semi-bone-dry and sub-muggy brushing land,
and to region of the sticky jungles where slanting area is utilized for brushing, as is normal in
Latin America. A broad view on the capability of silvopastoralism in the semi-dry zone is given
by Baumer (1987),

The significance of silvopastoral framework has now been acknowledged all through the
world for expanding the efficiency of debased/risky grounds and restoration of corrupted lands.
It assists in checking with ruining disintegration, saving more in-situ dampness, keeping up with
higher endurance percent, yielding more grub and fuelwood biomass. Silvopastoral frameworks
can be raised on peripheral grounds with reasonable feed grasses like Dichanthium annulatum,
Leptochloa fusca, Brachiaria mutica, Panicum antidotale, Schima nervosum, Chloris gayana,
Cenchrus ciliaris. Various MPTs viz. Grewia optiva, Morus serrata, Celtis australis, Robinia
pseudoacacia, Ulmus wallichiana, Quercus spp., Bauhinia variegata, Melia azedarach,
Parkinsonia aculeata, Eucalyptus tereticornis, Cassia siamea, Acacia auriculiformis, Dalbergia
sisso0, Albizia procera, Acacia nilotica, Thespesia populnea, Ailanthus excelsa, Derris indica,
and so forth. have been seen as reasonable for foundation of silvopastoral frameworks for
recovery of debased land. To further develop grass yields and grain nature of fields,
planting/planting of vegetables like Stylosanthes hamata, Medicago and Trifolium alexandrinum
should be possible (Singh and Chaturvedi 2011).

In the Shiwalik lower regions, silvipasture frameworks including Eulaliopsis binata,
Saccharum munja or Vetiveria zizanioides with Acacia nilotica were viewed as promising.
Further, Eucalyptus tereticornis + Eulaliopsis binata has been distinguished as a financially
practical and eco-accommodating framework for recovery of these grounds. The review directed
for a long time with four multi-reason tree species viz., Albizia lebbeck, Grewia optiva, Bauhinia
purpurea and Leucaena leucocephala and two grass species viz, Chrysopogon fulvus and
Eulaliopsis binata at CSWCRTI. Dehardun uncovered that gravelly and bouldery terrains could
be actually used by putting them under lasting vegetation for further developing soil fruitfulness
and biomass creation (Vishwanatham et al., 1999; Samra et al., 1999, Raizada and Singh 2010).
These species can be developed on a wide assortment of destinations and cutting can be
completed when the trees have achieved adequate development.

Reclamation forestry:

Land capacity class IV or more soils are named as non-arable land. The conveying limit
of these terrains is exceptionally low and the vast majority of them are unsuitable for crop
creation. These terrains can be appropriately recovered for asset protection and efficiency
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improvement utilizing different Agroforestry measures. There are valuable chances to
consolidate recovery with creation. The initial step is to lay out a full woods cover, including in
any event a few nitrogen-fixing animal categories, at first with security from brushing and
permitting all plant deposits to arrive at the dirt. When a check of disintegration and palatable
development of soil natural matter have been accomplished, Agroforestry gives approaches to
joining proceeded with disintegration control with useful use. The procedures and items can
differ generally.

Torrent control:

Downpours are normal in the lower regions of the Himalayan district. They make broad
harm life and property in the valley comes to because of regular shifts in their direction because
of wandering and horizontal relocation. They are a consistent danger to regular asset base as well
as human settlements. Deluges are described by the limited width and high angle at the upper
scopes of its catchment region and wide spreading beds with badly characterized wide bank in
the downstream region. It ordinarily stays dry during significant piece of the year, yet during
storm they are inclined to streak floods and quick ebbs and flows with high speed which brings
part of residue and trash which stores in the bed of the downpours in risk way in this manner
making the stream shallower consistently and steer stream and harm close by agribusiness field
and land up and down the banks. Consistently, downpours overwhelm increasingly more useful
region. The downpour banks could be really safeguarded by establishing Ipomea carnea, Vitex
negundo, Arundo donax, Salix, Populus, half and half napier and a combination of grasses.
Vegetative spikes of Erythrina suberosa, Bombax ceiba and Lannea grandis were likewise
observed to be compelling (Sharda et al., 2012).

Landslide prone areas:

Avalanche is the descending development of mass stone or soil because of incline
disappointment. It influences dams, repositories, human settlements, horticulture lands,
backwoods, plantations and other formative exercises. Regions impacted via avalanche in the
Himalayan locale can be recovered and used for biomass creation by taking on reasonable bio-
designing advances. An avalanche project was embraced by CSWCRTI at Nalotanala in 4 ha
avalanche region on Dehradun - Mussoorie street. The region was restored by utilizing bio-
designing measures. Exposed erodible slants were safeguarded by establishing Ipomoea carnea,
Vitex negundo and napier with. Erythrina suberosa, Dalbergia sissoo and Acacia catechu which
ended up being extremely viable. The region was totally revegetated and restored inside a time of
10 years. The dregs load was brought down from 320 t ha' yr' to 5.5 t ha' yr and spillover from
54% to 32 percent (Sharda et al., 2012).

Shifting cultivation area:

In northeastern locale of India, enormous scope deforestation related with moving
development has prompted boundless land degradation, which is antagonistically influencing the
rural creation. Cultivating exercises on slope inclines are the significant areas of worry because
of serious soil disintegration and loss of widely varied vegetation. In slope and mountain
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environment, agri-green frameworks including development of ginger with natural product
plants, for example, mandarin and guava on gentle slants have been seen as beneficial, other than
safeguarding and moderating the slope soils in the NEH locale. Khasi mandarin based
agroforestry has likewise extraordinary potential for expanding crop efficiency and
supportability through reclamation of soil ripeness by really looking at disintegration and further
developing its physico synthetic and organic properties (Tomar 2006).
Contour farming:

Shape cultivating is one of the strategies utilized for soil and water preservation. The
form planting adjusts to the standards of soil and water protection to moderate water and to really
look at serious disintegration. Planting ought to be finished on shapes as it is successful in soil
preservation. Form maps are accessible from various sources. In any case, in the event that form
maps are not accessible, they can be ready. Form lines are set apart by utilizing the
straightforward 'A' Edge. Planting should straightforwardly be possible on lines or utilizing form
channels. Shape channels are unearthed along the shapes to break the slant length for lessening
the speed of surface spillover and the water held down and dirty assistance in moderating the
dampness. The channels are dug by cutting a channel of 30 cm profound and 45 cm wide along
the form at a stretch changing from 20-50 m as per level of slant. The channel span is longer on
the lower slant and more modest on the higher slant. The channel is dug physically and
uncovered soil from the channel is unloaded on the downstream along the channel to frame a
bund. Different grasses are by and large developed on the bunds to balance out the free soil.
Watershed based systems:

Watershed is a hydrological unit of an area which channels overflow to a solitary outlet.
Watershed based framework incorporates all sort of mediations for diminishing soil misfortune,
further develop efficiency, manageability and work security. It is an all-encompassing
methodology focused on in general improvement of its normal, human and creature assets. The
Public authority of India has agreed most elevated need to the comprehensive and economical
improvement of rainfed regions and wastelands through watershed advancement programs.
Watershed program mess primarily targets raising the efficiency of rainfed farming and non-
arable terrains by encouraging the reasonable administration and ideal utilization of surface and
ground water assets and utilizing land as indicated by the land capacity classes predictable with
soil and water preservation.

Three-level model of land use appears to be most appropriate on watershed premise,
where rebuilding ranger service/unadulterated silviculture is kept up with on peak, trailed by
silvipasture, agrihorticulture and unadulterated agribusiness down to the slant, separately. Yet,
this framework becomes unrealistic, when the ranchers in view of ridge, used to develop the
region for his/her means in and around the actual peak. Because of this reality, the defensive
trees front of slope tops have been eliminated practically in every one of the territories of
Northeastern slope district. A review was led by ICAR Exploration complex, Barapani by
separating watershed into three level frameworks viz., upper 1/3 region under field and
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silviculture for raising domesticated animals (goats and pigs), center 1/3 region under agriculture
including orange (Citrus spp.), guava (Psidium guajava) and pineapple (Ananas comosus) and
staying 1/3 lower region under farming for development of oats, beats, vegetables, flavors, grain,
and so on. The center piece of miniature watershed of which 50% region was put under orange,
25% under guava and 25 percent region was put under Assam lemon. Agri-horti-silvi-peaceful
framework with animals, dairy cultivating and agro-peaceful framework recorded an information
yield proportion of 1:2.14, 1:2.08 and 1:2.05 separately and was prescribed as a practical option
in contrast to moving development in upper east states (Singh 1987). There is incredible breadth
of pisciculture, dairying, honey bee keeping and cut blossoms businesses which will additionally
expand the pay of the minimal ranchers through agro-based enterprises.
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CHAPTER 7
PRODUCTION OF VARIOUS TREE BOURN OILSEEDS UNDER

AGROFORESTRY SYSTEMS

Deeksha Gupta, Komal Bhatt, Anil Kumar Kori and Ajay Kumar Shah
Department of Forestry, JNKVV, Jabalpur

Abstract:

Land use system are practices in various places and various ways according to place,
locality, topography, people preferences and local market demand. Present scenario the Oil
industries dependent on other country for import of crude oil. This has cause hike prices day by
day and this oil are not ecofriendly but in case of mixed or blending of oil with TBOs (Tree
bourn Oil seed) have more ecofriendly. TBOs grown under agroforestry it have fulfill the
demand of oil industry. Mainly TBOs based agroforestry cultivated on wasteland and near to
industries are developed. It not only given a atmospheric cleanness but also there produce given
seed those produce oil.

Keyword: Tree bourn oilseed (TBOs), Agroforestry system, Agroforestry, Framework etc.
Introduction:

Agroforestry is a land use framework in which woody perennials (trees, palms and
bamboos) are purposely involved on similar land the board unit as farming harvests, animals or
both, either in some type of spatial game plan or transient succession. In Agroforestry
frameworks, there are both natural and financial cooperation’s between the various parts.
‘Agroforestry’ is a conventional term for various sorts of frameworks, for instance,
agrisilvicultural framework, silvopastoral framework, and so on. Agroforestry is an aggregate
name for land the executive’s frameworks that enhance the financial and natural advantages
made when trees as well as bushes are coordinated with crops or potentially animals.
Agroforestry  frameworks increment species variety inside cultivating frameworks,
accommodating human necessities while supporting natural life, soil microorganisms, provincial
networks, ranchers, financial interests, watersheds, clean air concerns, biodiversity, and that's
only the tip of the iceberg. Trees are significant components in farming frameworks in light of
the fact that by their temperament, they loan themselves to making associations with different
plants, animals, individuals, soil, and so forth.

The significant advantages of Agroforestry to individuals incorporates (I) more
prominent long haul financial dependability through differentiated items, (ii) decreased need for
buying off-ranch inputs, (iii) more extensive open doors for country undertakings, (iv)
diminished hazard to the rancher, (v) expanded in general yields, (vi) all year creation, and (vii)
neighborhood making of assets like kindling, feed, development materials, and so on. All the
more critically, the trees in farmland go about as 'bio-protection’ now and again of
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disappointment of agrarian harvests. Other than previously mentioned benefits, Agroforestry
frameworks play significant part to play with regards to battling a dangerous atmospheric
devation by way delivering 'biofuels’ from tree borne oil seeds. The extent of such Agroforestry
tree species is expanding these days. Tree borne minor oilseeds have been concurred
exceptionally high need as a source material for biodiesel creation in the country. India is
enriched with a tremendous potential for oilseeds of tree beginning, the significant of them being
sal (Shorea robusta), mahua (Madhuca indica), neem (Azadirachta indica), elastic (Hevea
brasiliensis), karanja (Pongamia pinnata), kusum (Schleichera oleosa), khakan or pilu
(Salvadora oleoides), dhupa (Vateria indica), ratanjyot (Jatropha curcas) and so on. These
oilseed bearing trees are found broadly and disseminated all through the country. The current
accessibility of oilseeds from them is assessed to every year be around 5 million tons. Be that as
it may, just 20% of the absolute accessibility is used for business applications (Kumar 2003).
Tree Borne Oilseeds (TBOs):

There are many types of plants/trees/bushes found wild or developed inside as well as
outside the timberland regions containing sizeable measure of vegetable oil having homegrown
and modern utility. Out of these species, the oilseeds of tree beginning like Jatropha (Jatropha
curcas), Karanja (Pongamia pinnata), Jojoba (Simmondsia chinensis). Neem (Azadirachta
indica), Mahua (Madhuca indica) and so forth. Have utilizes like enlightenment, ointments and
elective wellspring of biodiesel. There is need to take advantage of the current potential and
furthermore to expand the ongoing potential to accomplish the confidence in biofuel necessity.
The TBOS have 20-60 percent oil content in seeds/portion, which are consumable fat and non-
eatable for modern purposes. Some of them can be used as wellspring of bio-diesel creation
(Paramathma and Pandey 2012).

Table 7.1: Potential of Tree-borne Oilseeds in India (Paramathma and Pandey 2012;
Sivaprakash et al., 2013)

S. No. Common Name Botanical Name Oil Content (%)
1 Sal Shorea robusta 12
2 Jatropha or Ratanjyot | Jatropha curcas 30-40
3 Mahua Madhuca indica 35
4 South Indian Mahua Madhuca longifolia 35
5 Neem Azadirachta indica 20
6 Rubber Hevea brasiliensis 45
7 Karanja Pongamia pinnata 27
8 Kusum Schleichera oleosa 33
9 Khakan or Pilu Salvadora oleoides 33
10 Undi Calophyllum inophyllum 60-65
11 Dhupa Vateria indica 19
12 | Jojoba Simmondsia chinensis 50
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13 | Wild Apricot Prunus armeniaca 45-50
14 | Tumba Citrullus colocynthis 21
15 Indian Zuzube or Ber | Ziziphus mauritiana 33
16 Wild Plum Ximenia Americana 49-60
17 Paras Pipal Thespesia populnea 20
18 Drumstick Moringa oleifera 35
19 Nahar Mesua ferrea 45
20 Tung Aleurites fordil 50-60
21 Amoora Aphanamixis polystachya 35
22 Silkcotton Bombax ceiba 20
23 Siltimur Litsea cubeba 22
24 False Nutmeg Myristica malabarica 40
25 Kokum Garcinia indica 25
26 Paradise Tree Simarouba glauca 60-70
27 Kapok Ceiba pentandra 20-25
28 | Aisandra Diploknema butyracea 60
29 Oil Palm Elaeis guineensis 56

The accessibility of TBOs can be improved impressively with practically no additional
land and data sources in the event that legitimate organization for obtainment from seed
gatherers is laid out. There is a significant degree to improve the assortment of seeds from the
current trees by creating foundation offices, for example, seed obtainment focuses outfitted with
offices for drying, decorticating, cleaning/evaluating, depulping, putting away and oil extraction
close to the areas of assortment of TBOs. Foundation of biodiesel handling units close to the
acquisition communities will additionally help in lessening the expense of transportation of the
crude oil to the biodiesel handling plant. This ought to bring about sensible compensation to the
essential seed gatherer and furthermore help in getting a quality item by decreasing misfortunes
caused because of deferred and ill-advised treatment of the material at various stages in the
current exchange of TBOs in India (Rajvanshi et al., 2007). Notwithstanding the current
capability of TBOs, there is around 60 million hectares of no man's land of which 30 million
hectares can be reasonably used for developing ranches of biofuel plants. TBOs from the no
man's land can make a huge and significant commitment to the energy prerequisite of the country
in the near future.

TBOs based agroforestry systems:

Generally, livestock farmers grow/maintain trees like Azadirachta indica, Pongamia
pinnata, Madhuca indica etc. E.g. scattered in their fields to have green manure, firewood and
little wood for agricultural purposes. Jatropha curcas has evolved to live in embankments.
Among the TBOS, Azadirachta indica and Pongamia pinnata are generally considered species
for agroforestry frameworks. TBOs were not a critical part of a traditional agroforestry
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framework and were often not intentionally introduced by ranchers. An exception is Jatropha,
which is placed by ranchers as a living wall. This requires gradual establishment in closed
departments. Various species such as Pongamia pinnata, Madhuca spp. In addition, it is believed
that Calophyllum inophyllum originated in the wild and was in the hands of ranchers. Their
occurrence is usually limited to a few trees in arable land or along edges.Oilseed production is
not the prerequisite for the conservation of these trees, and they usually serve administrative
purposes such as providing shade and protection as a wall (Daniel and Hegde 2007). However,
careful examination of agroforestry research is required such as similarity to agricultural crops
and different parts, association studies, impact on soil maturity, monetary profitability and
ecological managements etc. before suggesting them as having huge potential for establishment
in rural areas. Today, ranchers are encouraged to grow oilseed trees in their territories.

There are vast areas of accessible no man's land both in India and around the world, and
promoting these wastelands through attempts to establish agroforestry tree oilseed farms has
incredible possibilities in the future. Further development of TBOs can lead to a huge opening in
the population of the provinces while increasing the accessibility of tasty and non-edible oils.
Jatropha curcas and Pongamia pinnata oils are potential diesel substitutes, and local production
of biodiesel will counteract the significant unknown trade caused by crude oil imports. It could
lead to a progressive change in the miserable monetary and energy situation with an era of
financial growth and prosperity of all segments of society (Paramathma and Pandey 2012).
Scattered trees on farm lands:

The act of developing rural yields under dispersed trees on ranch lands is old and doesn't
appear to have changed for a really long time. Among TBOs, a few trees stand out than others.
The significant TBOS, which are held in rural grounds as dissipated trees, are Azadirachta
indica, Pongamia pinnata, Madhuca indica, and so forth. The species variety in these
frameworks is a lot of connected with nature. The tree variety is more in muggy regions and less
different in drier regions. Trees are developed dispersed in rural fields for some purposes like
shade, feed, fuelwood, natural product, vegetables and therapeutic use. There are deeply felt
feelings for the acknowledgment of these trees on farming fields since days of yore.

Boundary plantation/ Live fences/ Live hedges:

Trees filled in Agricultural fields are likewise frequently and generally developed on
ranch limits. A considerable lot of the limit estates likewise help as shelterbelts and windbreaks.
At many spots, Jatropha curcas is developed as normal live-wall.

Agrisilvicultural system and silvopastoral systems:

Research trails are being done to see the similarity of TBOS with rural yields, for
example, oat crops, dark gram, green gram, cowpea, grain sorghum, groundnut, conceal lenient
vegetables and tuber crops. Many exploration discoveries has suggested for the development of
rural yields during the underlying phases of tree development before tree overhang becomes
thick. Likewise the intercropping studies are being taken to concentrate on the effects of
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developing TBOs and grain grasses together in a similar land which have shown positive
outcomes.

1. Neem (azadirachta indica)
Distribution:

Neem is a flexible multipurpose tree local of dry woods areas of India, Pakistan, Sri
Lanka, Malaysia, Indonesia, Thailand, Myanmar and Africa. In India, it happens all through the
drier parts including the provinces of Uttar Pradesh, Bihar, Odisha, Maharashtra, Gujarat,
Rajasthan, Karnataka, Andhra Pradesh and Tamil Nadu.

Environmental requirements:

Neem is found in regions with yearly mean most extreme temperature up to 32-42°C and
least temperature of 4-21°C. Temperatures underneath 4°C and ice are troublesome. Neem fills
well in the fields and in lower regions. However, saw as even up to 1,830 meters height. Neem
comes up well in regions with a typical yearly precipitation of 450-1200 mm. It fills well in
loamy, clayey and dark cotton soil. It likewise flourishes better compared to different species on
dry, stony, clayey and shallow soils.

Establishment of plantation:

Acrtificial regeneration is finished through direct planting or out establishing nursery
raised seedling. Direct planting is taken on for raising estate for fuelwood and for the recovery of
wastelands. This should be possible through drilling in hedges, broadcasting, line planting,
planting on hills or edges, and planting in channels. In dry territories pits of 45 cm' and in soggy
territory pits of 30 cm' are dug and kept prepared planting. Seedlings of 6 a year old are out
planted into the pits during the blustery season. Pits can be loaded up with local soil alongside 5
kg FYM and 25-50 g of DAP at planting for better foundation and development. The dividing
typically applied for neem is 5 mx 5 m or 10 mx 10 m.

Management practices:

In spite of the fact that neem requires less consideration during the underlying stages
particularly in dry territories, watering and weeding are extremely fundamental during the initial
two years for legitimate foundation and development. Watering once in 10 days will assist the
tree with holding over the dry spell period. In saline soils, watering during summer and times of
dry season is fundamental. Mulching around the tree bowls with rocks or accessible mulch in
that space will help in rationing dampness. Youthful seedlings ought to be liberated from weeds
for early foundation and development. Attracting of farm hauler drawn turners between trees will
assist with controlling weeds and ration dampness. In the normally raised estate, diminishing
must be finished toward the finish of first year to space the seedling separated for starting
development and foundation. Toward the finish of long term the trees are separated at 3 mx 3 m
or 5 mx 5 m relying upon the region. In the falsely raised ranch toward the finish of long term,
specific diminishing can be taken up to separate out sub-par trees and space the great trees at 10
mx 10 m dividing.
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Growth and yield:

Neem is developed for its seeds and lumber. The tree begins natural products from the 4
or 5y year and gives consistent yield from the long term. Each tree at this age can yield 20-25 kg
of natural products per tree. The proportion of seed to mash is around 1:2. The turn age for
lumber is 35-40 years and for fuelwood is around 8 years. The lumber yield is around 108-137
m' per ha.

Neem based agroforestry system:

As revealed, neem tree as woody part in agroforestry has both positive and negative
perspectives. The positive angles might incorporate its capacity to endure pollarding. coppicing
skill, being a residence for pollinators, creation of good wood and use in biopesticides. A portion
of the negative viewpoints incorporate less space of development, profound and broad
underground roots and thick adjusted shelter. Neem in customary agroforestry frameworks are
found as dispersed trees on croplands with stand thickness of 80-90 trees for each ha and having
revolution time of 10-15 years. The major horticultural yields developed are cotton, millet,
sorghum, dark gram, green gram, coriander, sunflower. Notwithstanding, there exist different
chances of developing neem tree as wind breaks and haven belts, silvipasture and in wide line
interplanting.

Research on neem based agroforestry practices:

Probe Screening of MPTs for Agroforestry under rainfed conditions has been directed in
Dindigul, Anna Region, Tamil Nadu (India). The species attempted were Neem, Eucalypts,
Glyricidia, Albizia amara. The outcomes uncovered that no huge decrease in crop yield up to
third year for the harvests attempted - dark gram, feed sorghum and groundnut. Least yield
decrease for groundnut in long term under Neem (12%) and greatest under cucalyptus (41%)
were found.

Preliminaries with Neem under Superior Agroforestry Practices. Preliminaries have been
set up with neem in line planting/wide column interplanting framework in three on ranch areas in
Coimbatore Region, Tamil Nadu (India) under the NOVOD project. Different farming harvest
blends like grain grass, beats, green fertilizer have been interplanted with neem established in 4
m x 8 m espacement. The long term development information on tree development have showed
that there is extensive potential for bringing neem up in rainfed conditions in farmlands for
giving monetary security to the rancher.

Crown The board Concentrates under Neem based Agroforestry Framework: Further, to
concentrate on the impact of pruning under the neem based agroforestry frameworks, five year
old laid out neem plot was taken for this review. The neem plot was laid out in the espacement of
8 m x 4 m and to concentrate on the impact of shade, 100% pruning was conveyed in elective
columns. With common horticultural works on, intercropping with dark gram, green gram,
cowpea and sorghum was done. The yield was expanded north of 35% under the pruned region
contrasted with the un-pruned region.
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Table 7.2: Effect of Crown Management on Yield of Agricultural crops under Neem based
Agroforestry

Category and Yield (kg/ha)
S.No. System _ - - -
Without Pruning With Pruning
1 Neem+ Green gram 303 465 (35% more yield)
2 Neem + Black gram 552 849 (34% more yield)
3 Neem + Cowpea 159 256 (38% more yield)
4 Neem + Sorghum 1104 604 (31% more yield)

2. Pungam (Pongamia pinnata)
Distribution:

An Indo-Malaysian species, a medium-sized semi-evergreen tree, normal on alluvial and
beach front circumstances from India to Fiji.
Environmental requirements:

Pungam endures temperatures going from 0°C to 50°C and yearly precipitation of 500-
2,500 mm, the tree develops wild on sandy and rough soils, including oolitic limestone, however
will fill in most soil types, even with its underlying foundations in salt water. It is viewed as both
a saline and dry season open minded species. It comes up from ocean level to 1,200 m height
Establishment of plantation:

Seedlings can be effectively relocated from the nursery after about a year. Root suckers
are somewhat abundant also. A quick developing coppice animal groups can be cloned. The
suggested dispersing is 5 mx 5 m. Trees are filled in 30-year turns for fuel in West Bengal.
Growth and yield:

Trees arrive at grown-up level in 4 or 5 years, bearing at the age of 4-7 years. A solitary
tree is said to yield 9-90 kg seeds for each tree, demonstrating a yield capability of 3,600 to
36,000 kg seeds for every ha. The typical oil content in the seed is 27-32 percent. With updated
germplasm, it very well might be feasible to get 2.0 MT oil and 5.0 MT kindling per hectare each
year on a sustainable premise. Since, this tree is generally become over Tamil Nadu and in many
pieces of India, as a shade or decorative tree, this tree could be very much used for both no man's
land afforestation joined with biodiesel creation.

Pungam based agroforestry system:

In Woodland School and Exploration Organization, Mettupalaym (India), an exploratory
plot with pungam was laid out with tree dispersing of 5 mx 5 m and a few intercrops were
assessed. At the point when the trees were one year old, the decrease in yield of intercrops was
most elevated for soyabean (23%) and least for cowpea (5%). This yield expanded as the age of
the tree expanded to 3 years. It is inferred that among the rural yields assessed, cowpea,
groundnut and dark gram could be the appropriate intercrops for pungam based agroforestry
frameworks.
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Table 7.3: Yield of Intercrops (Kg/ha) under Pungam based Agroforestry System (Divya et
al., 2013)

Age of Trees (Years)
First Year Second Year Third Year
Intercrops
Inter Pure Inter Pure Inter Pure
Cropping | Cropping | Cropping | Cropping | Cropping | Cropping

Black gram | 710 (11%) 800 489 (16%) 480 341 (20%) 425
Green gram 505 (8%) 550 356 (21%) 450 285 (29%) 400
Red gram 1,120 (7%) 1200 465 (21%) 590 264 (31%) 384
Cowpea 570 (5%) 600 440 (10%) 490 450 (12%) 510
Groundnut 900 (7%) 970 860 (12%) 980 800 (16%) 950
Soybean 310 (23%) 400 233 (33%) 350 513 (35%) 790
Sunflower 380 (15%) 450 310 (23%) 400 385 (34%) 580
Grain 680 (16%) 800 620 (23%) 800 250 (36%) 390
Amaranth

Note: Values inside the bracket show yield reduction

3. Jatropha (Jatrophia curcas)
Distribution:

Jatropha is a multipurpose and dry season safe enormous bush/little tree having a place
with the family Euphorbiaceae. Regardless of being a local animal types to tropical America, it is
presently being developed widely all through Africa and Asia. In the new past, there has been
significant social and political significance for developing Jatropha in India, for of monetary
upliftment and destitution easing through utilization of oil removed from seeds as a wellspring of
bio-fuel. Further, Jatropha can assist with expanding the ranch pay and ease destitution in rustic
regions.

Environmental requirements:

Being a dry season tough animal category, it very well may be filled in the parched/semi-
bone-dry regions with a typical precipitation somewhere in the range of 300 and 1,000 mm. Be
that as it may, it fills well in regions with higher measure of precipitation. It happens principally
at lower heights (0 to 500 m).

Establishment of plantation:

Jatropha is ordinarily engendered through seeds. The seeds are planted in polybags and
kept up with in nursery for a time of 90 days. It can likewise be spread vegetatively utilizing
branch cuttings (2-3 cm thickness and 15-30 cm length). Be that as it may, trees proliferated by
cuttings show a lower life span and have a lower dry season and infection obstruction than those
engendered by seeds. It is planted during stormy season with an ordinary separating fluctuating
from2mx2m,3mx2mand3mx3minblock ranches. Be that as it may, the dividing of 3 m
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x 3 m can be great for block estates kept up with for longer periods. For hedgerow or limit
ranches, the dividing can be 1 m between plants. The plant can be kept up with for a long time
financially.

Water requirement:

As a rule, the water necessity of the species is low. The yield requires a daily existence
water system on the third day after field planting. After this, water system at a time frame to 25
days might be done in view of need. As a rule, around 6-8 water systems are required each year.
However, Jatropha makes due under rainfed and outrageous dry circumstances, being an
unfortunate entertainer and unfortunate yielder under these conditions is noticed. Subsequently
water system is prescribed essentially at fortnightly spans to guarantee all year creation of seeds.
Fertilizer is applied exclusively in the main year. From the second year onwards, composts
Fertilizer application:

Are applied @ 20:120:60 kg per section of land of NPK separately in two equivalent
portions in June-July and Oct-Nov in the wake of blooming. Gibberellic corrosive 50 ppm is
splashed at the hour of blossoming to instigate and expand blooming and better unit
improvement.

Pruning:

Pruning must be taken up for the initial three years to build number of fruiting branches.
Early pruning at 6 to 8 months in the wake of planting or not long prior to blossoming is prudent.
First pruning should be at 45 cm from ground level which will upgrade more number of assistant
branches. Second pruning should be made in the recently evolved shoots by cutting 66% of the
new flush leaving 33% in the plant. Comparative method must be followed on the new flush upto
the fulfillment of the third year.

Growth and yield:

Jatropha begins bearing from first year onwards. In any case, settled vyield is
acknowledged exclusively from long term. A total yield of 500 and 2,000 kg for every ha can be
acknowledged in the initial two years under rainfed and watered conditions separately. From
long term onwards, the normal yield from one hectare estate is 2,500 kg under rainfed and 7,500
kg under inundated conditions. Acquiring ideal yields is reliant principally upon utilization of
further developed establishing material and coordinating the germplasm to destinations with rich
soils and satisfactory dampness that will permit it to communicate its hereditary potential.
Despite the fact that Jatropha might look encouraging as a tree/bush for minor grounds, without
added supplements, dampness and improved germplasm, negligible yields just can be
anticipated.

Jatropha based agroforestry system:

Studies led at BAIF to look at the reasonableness of Jatropha for Agroforestry purposes
showed that the yield decrease on horse gram and finger millet was immaterial during the initial
four years. As a matter of fact, the yearly harvests appeared to profit from the shielding impact of
Jatropha when there were solid dry breezes. Agroforestry frameworks can be as (a) dissipated
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trees, (b) lines or portions of trees and (c) trees in line columns or strips. The proportion of trees

to crops in the framework not set in stone by changing the dividing between the trees as well as

dispersing between columns or strips. The current act of a solitary line of Jatropha live-wall can

be reached out to a segment of 3-5 m. This strip can oblige 2-3 lines of Jatropha and this would
really mean giving up to 20 percent of land to the tree part.

Contingent on the ripeness, a reasonable tree: crop proportion can be chosen and the tree
dispersing can be shown up at. In the event that the tree extent in the framework is thought to be
50%, the Jatropha yield, as examined prior for normal creation conditions, will be around 1.0
ton per ha. This means a pay of Rs. 10,000 per ha (2,000 kg for every ha at the pace of Rs.5 per
kg of seed), which isn't adequately engaging to draw in producers on a huge scale. A large
portion of these terrains have a place with little negligible ranchers in evaporate regions who
regularly take development of some yield during the blustery season. Jatropha is a reasonable
choice for them. There are other people who raise crops on a piece of their property while the
less fruitful part as a rule stays desolate. Such land can be brought under TBOS as it requires
next to no administration after foundation and won't be a limitation on rancher's time and assets
(Daniel and Hegde, 2007).

In an examination directed in 4-year-old Jatropha based Agroforestry framework at
Woods School and Exploration Foundation, Mettupalayam (India), most extreme decrease in
yield was noticed for gingelly and the yield decrease was least for groundnut. The Tree Borne
Oilseeds (TBOs) based Agroforestry Frameworks study infers that cowpea and groundnut are the
reasonable intercrops and the ideal separating for Jatropha could be 4 m x 2 m or 4 mx3 m.
Table 7.4: Yield of Intercrops (Kg/ha) under 4-year-old Jatropha based Agroforestry
System (Divya et al., 2013)

Tree Black gram Green Cowpea | Groundnut | Gingelly | Sunflower
Spacing gram
3mx3 m 393(32%) 306(32%) | 458(16%) | 728(15%) | 304(46%) | 391(39%)
4mx 2 m 457(21%) 392(29%) | 465(15%) | 789(12%) | 317(45%) | 441(32%)
3m x4 m 419(28%) 401 (27%) | 479(12%) | 795(7%) | 378(35%) | 412 (36%)
4mx3m 472(19%) 430 (22%) | 483(12%) | 798(7%) | 386(33%) | 467 (27%)
Pure crops 580 550 546 858 580 644

Note: Values inside the bracket show yield reduction

4. Kusum (Schleichera oleosa)

Distribution:

It happens normally from the lower regions of the Himalayas and the western Deccan to
Sri Lanka and Indo-China. It was most likely acquainted with Malaysia and has naturalized in
Indonesia. It is once in a while developed all through the jungles, particularly in India.
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Environmental requirements:

It happens suddenly in dry, blended deciduous woodland and savanna in with just
dispersed trees, some of the time gregariously. It becomes on fairly dry to incidentally damp
areas on different, frequently rough, gravelly or loamy, very much depleted, ideal marginally
corrosive soil. It is a heat proof animal group. Seedlings are ice delicate and light-requesting. It
happens as a rule at low elevations, yet can be viewed as up to 900 to 1,200 m. It requires yearly
precipitation of 750-2,500 mm. It concocts indisputably the most extreme temperatures of 35°
4°C and outright least temperatures of 2.5°C.

Establishment of plantation:

Regular recovery is by seed and root suckers. Proliferation is by direct planting in
completely pre-arranged soil or by stump planting. In nurseries in West Bengal (India), seed is
planted 7.5 cm separated following assortment. Stumps are ready following one year, when the
seedling stem is around 1 cm in breadth. The stem is scaled back to around 4 cm, the roots to 25
cm. Plant openings ought to be around 30 cm profound and wide. Normal weeding and assurance
from brushing is required.

Management practices:

In India, it is utilized as host for the lac bug (Laccifer lacca). The item is called kusum
lac and is the most incredible in quality and in yield. In Focal India, it is greatly planted as a
wayside tree.

Growth and yield:

S. oleosa produces root suckers openly and pollards well. In Bihar (India), trees develop
to a level of around 7 m and a stem breadth of 10 cm in 16 years; in Uttar Pradesh (India)
coppice gives arrive at a level of 2 m in one year, in South Kanara (India) 5 min 3 years. In India,
an experienced tree yields 21-28 kg depulped seed each year. Subsequent to pulverizing the
depulped seed, the oil is separated by bubbling or squeezing. The oil yield acquired by bubbling
is 32-35 percent of the bit weight, by squeezing 25-27 percent. Where wild S. oleosa happens
richly, it stays significant as a fuelwood, however its development is too delayed to ever be
planted for fuel. Where seed is accessible in enormous sums, squeezing and refining of oil joined
with the assembling of seed cake as cows feed might be suitable, albeit the amount as of now
handled is well underneath its true capacity.

5. Mahua (Madhuca longifolia)
Distribution:

The tree develops all through most of India aside from the mild and parched regions and
southern pieces of the Indian landmass. It is a typical tree of the deciduous timberlands of
Madhya Pradesh, Maharashtra, Gujarat, Focal India, Indian promontory, Chota Nagpur, Odisha
and is normal for dry fields. It is broadly developed close to towns on account of its multi-utility.
Two assortments are perceived viz., (I) Madhuca longifolia var. longifolia which fills in South
India, and (ii) Madhuca longifolia var. latiflolia which fills in North India.
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Environmental requirements:

It is a tree of dry tropical and subtropical environment. Right at home, without a doubt
the greatest temperature differs from around 41°C to 48°C, irrefutably the base temperature from
around 1°C to 8°C and the ordinary yearly precipitation from around 750 to 1,875 mm. The man
relative mugginess in its normal reach shifts from around 40 to 80 percent in January and from
around 60 to 90 percent in July. The tree develops on a wide assortment of soils, yet favors sandy
soils. It fills well in alluvial soils of the Indo-Gangetic fields. In sal backwoods, it is tracked
down developing on high mud and, surprisingly, calcareous soils. It is areas of strength for a
demander and gets smothered under conceal. Seedlings are ice delicate; however mature trees are
ice strong. It is a dry spell safe harvest.

Establishment of plantation:

One year old seedlings are utilized for establishing in primary field. Seedlings can
likewise be containerized. All things considered, one month old seedlings are pricked into
holders. Planting is finished in 30 cm' pits at a separating of 4 m x 4 m. Planting of stumps is
finished in crow bar openings or 30 cm' pits. Separating can depend on 9 m x 9 mto 10 m x 10
m. One year old stumps lay out more effectively than seedlings.

Management practices:

Mahua is chipped away at 25 to long term coppice cycle. It coppices well, whenever
felled in hot season. Assurance from fire and fencing of manors are fundamental at beginning
phases alongside clean weeding and soil working.

Growth and yield:

The seed and oil capability of this species in India is 500,000 tons and 180,000 tons
separately. The tree develops from 8 to 15 years and natural products upto 60 years. It creates a
mean yearly augmentation of 3 to 5 m' per ha. Seeds are abundant from second or third year
onwards.

6. Jojoba (Simmondsia Chinensis)

Jojoba is an intriguing solid desert bush which can endure outrageous dry states of
temperature and extremely low yearly precipitation. In any case, water system and manuring are
required for good yield and monetary return. Further, shallow soils and temperature factor
significantly affect blossoming and natural product yields in A.P. what's more, other Southern
States. The conceivable outcomes of advancing jojoba in such regions might be analyzed all the
more fundamentally. Rajasthan, Gujarat, Haryana and A.P. are potential states wherein, it very
well may be spread through seeds and cutting during October and February. The jojoba plants
begin yielding reliably in the fourth year and it can yield upto 200 years. The jojoba seeds
contain around 50% of oil. Jojoba oil and its subordinates have enhanced utilizes viz. beauty care
products, drugs, ointments, food, electrical separators, froth control specialists, plasticizers, fire
retardants, transformer oil.
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7. Wild Apricot (Prunus Armeniaca)

Wild apricot, privately called chullu, is tracked down in the dry calm locale of J&K, H.P.
also, Uttaranchal. It is appropriated in the North Western Himalayas especially in the valley of
Kashmir, Chenab, Kullu, Shimla and Garhwal slopes. It is spread through seeds in the long
stretch of October and through cutting in February-Walk. The product of wild apricot blended in
with snooze of developed kinds are used underway of apricot tough situation, apricot nectar and
apricot papad. The organic product is likewise utilized by the tribals for the planning of refined
alcoholic alcohol. The part which comprises around 20-40 percent of natural product contains
around 45-50 percent oil. The oil is utilized as a substitute for almond oil. The oil is additionally
utilized for food purposes, beauty care products and drug arrangements and in prescriptions for
ear infection and different sicknesses. The cake is utilized as a feed for animals.

8. Tung (Aleurites Species)

Tung is a colorful deciduous fast developing tree tracked down in tropical and sub-
tropical districts of Eastern Asia and Malaysia. Tung trees are developed for its significant fast
drying oil (A preferred drying oil over linseed oil). China and US are the significant tung oil
creating nations. A height of 2,500-3,500 meter and precipitation of around 50-70 inches are the
most appropriate to its development. Out of six types of tung, two species viz. Aleurites montana
and Aleurites fordii have been all around accustomed in Mizoram. In excess of 5 million adult
tung trees are accounted for accessible in Mizoram state.

Plants can be grown from seeds, either by direct planting or by transplanting. Breeding by
maturation and joining is also recommended. To increase yield, it is recommended to select
seeds from predominantly female-flowering trees; However, vegetative propagation of high-
yielding trees leads to better yields. After six months, the seedlings are relocated to a 3.8 m wide
division in columns 9 m apart. Conventionally, between 200 and 250 trees could be kept on one
hectare. The tree also develops quickly and can reach a height of 2.4-3 m in the third year, then
some of them begin to flower and bear fruit. In the tenth year the full production limit is reached
and the tree continues to produce natural products for another 20 years. A ten-year-old tree
typically produces between 20 and 25 kg of natural products per season. Natural products
contain 50 to 60 percent nuts or seeds. In India, the seeds produce 55 to 60 percent of the chunks,
which make up 49 to 65 percent of the oil. The wide range of oil content shows a satisfactory
expansion for determining and improving oil yield for biodiesel production.

9. Indian Jujube or Ber (Ziziphus Mauritiana)

The Indian jujube is local from the Region of Yunnan Afghanistan, Malaysia and
Queensland, Australia. It is developed in southern China somewhat all through its regular reach
yet generally in India where it is developed monetarily and has gotten a lot of plant
consideration. Z. mauritiana is a medium estimated tree that develops vivaciously and has a
quickly creating taproot, an essential variation to dry season conditions. The species changes
broadly in level, from a rugged bush of 1.5-2.0 m tall, to a tree of 10-12 m tall with a trunk width
of around 30 cm. Solid tree adapts to outrageous temperatures and flourishes under dry
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circumstances with a yearly precipitation of 15 225 cm. It additionally develops well on laterite

and medium dark soils with great waste or sandy, gravelly, alluvial soil of dry waterway beds

where it is overwhelmingly unconstrained. In India, there are at least 90 cultivars accessible

relying upon the propensity for the tree, leaf shape, organic product structure, size, variety,
flavor, quality and fruiting season.

It is made primarily from seeds that have a shelf life of two and a half years. The hard
stone limits germination and breaking the shell or removing the seeds accelerates germination.
Without pretreatment, seeds typically germinate in about a month and a half, although extracted
seeds only take several weeks to develop. Germination can be improved by incorporating sulfur-
containing caustic into the seeds. Ber seedlings do not tolerate relocation. Therefore, it is best to
sow the seeds directly in the field or use polyethylene pipes installed in the nursery. The
seedlings will be ready for germination in 3-4 months. In addition, seedlings of wild varieties can
be transformed into more developed varieties through tipping and tying. Nurseries are used to
propagate seedlings on a large scale and promote germination. Seedlings should also receive full
sunlight. Seedlings can take up to 15 months in the nursery before becoming established in the
field. Researchers in India have standardized the Ber Foundation's proliferation procedures.
Germination is the least demanding vegetative propagation strategy used for more developed
varieties. Different types of budding methods have been used, with ring growth and protective
ripening being the best.

The most important growing areas for Indian jujube are the dry and semi-arid areas of
India.Trees in North India produce between 80 and 200 kg of new organic product per tree every
year when the trees are thriving and between 10 and 20 years old. The natural product is
consumed raw or salted or used in soft drinks. Highly nutritious and rich in L-ascorbic acid, it
ranks second only to guava and far ahead of citrus fruits or apples. Natural products are applied
to cuts and ulcers and used for aspiration diseases and fever. The fruits are mixed with salt, stew
and Peppers and administered against heartburn and bile. The dry and finished natural product is
a mild laxative. The seeds have a calming effect and are taken, occasionally with buttermilk, to
relieve illness, vomiting and stomach pain during pregnancy. They hold up really well in racing
and are used as a poultice for injuries. Mixed with oil, they are rubbed onto the rheumatic
regions. The unsaturated fatty methyl ester of ZMauritius seed oil meets all essential biodiesel
requirements. The typical oil yield is 4.95 kg of oil per tree or 13700 kg of oil per hectare.
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Abstract:

Our country is developing country with high population density, this population density
directly influences on food material consumption and this food material shortage for poor people
and animal. The shortage for food material effect on the health of the poor people and causes
malnutrition. This malnutrition has compensated with trees product those are enriched in B-
complex Vitamins, Vit- A, C, Oil, Animal Fodder, green manure and coffee and tea. Trees are
benefited for nutrient deficiencies.

Keyword: Malnutrition, Vitamins, Multipurpose Trees, Food, Fodder
Introduction:

A study on the welfare/nutrition and agroforestry/humanity of farming clans in the
northern slopes of Thailand found that a critical number of them suffered from various
nutritional problems. It was found that many development activities that promote commercial
tree crops to improve the nutrition and income of hill tribes often neglect food tree crops, arguing
that farmers would buy more food if they had more money. However, the money is spent on the
buyer's products and not on food. Furthermore, due to limited family labor, commercial tree
planting may actually reduce food production, thus leading to an overall decline in nutrition. The
cultivation of food trees should also be improved in this way. In each case, careful consideration
of the current well-being and nutritional status of the target population is required. For example,
growing citrus fruits to provide L-ascorbic acid is not useful in areas with sufficient supplies of
goulash peppers, although growing papaya in areas with vitamin A deficiency can usually further
improve nutrition and well-being.

Causes of malnutrition:

The conspicuous inquiry is the reason, amidst what might appear to be rich mountain
regions, is there a particularly serious hunger issue? Rising population densities, exacerbated by
the rapid introduction of cash crops into subsistence farming areas, are often the solution.
Populace thickness in the slopes of Thailand, Nepal, and numerous different areas is expanding
quickly and is stressing the conveying limit of the land. Conventional swidden agribusiness is as
of now not quite as practical as it used to be. Decrepit cycles have been abbreviated because of a
lack of land. More and more Thai farmers are expected to cut down more forests to grow more
rice. Many people find it difficult to produce enough rice for their needs. They are increasingly
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reluctant to harvest from declining forests the food sources they once relied on, namely proteins,
nutrients and minerals, to accommodate the starch found in rice and marginally adequate
amounts of proteins and B nutrients. In some areas, there is a shortage of rice or other basic
carbohydrates at the end of the dry season, and people survive on only a few lunches a day. The
Backwoods once had a hillside tribal store, but it no longer existed. The decline of Timberland
agriculture, coupled with the hunting and gathering of the growing population, has led to a sharp
decline in the availability of plants and wildlife suitable for consumption.

Previously, virtually all of the Slope Clan's cities were located near year-round water
sources. Increasing population pressure has forced many cities to settle in areas where there is
little water for growing vegetables during the dry season, exacerbating ongoing nutrient and
mineral deficiencies. The rapid and widespread introduction of crops, particularly woody plants,
into subsistence production areas exacerbates the problem of population growth. The idea behind
such presentations is that better living standards promote better eating habits. Unfortunately,
many studies show that food abundance is declining and that improvements in resource structure
will certainly contribute to further nutritional development (McElroy and Townsend, 1979;
Cultivate and Anderson, 1978; Schubert, 1986; and Vyrheid, Wongcharoen, and Robert, 1987).

Although the monetary restrictions are extensive and generally short-lived, the
indigenous population is neither able nor willing to cope with the changes. Various social
pressures and tensions force them to spend their salary increases on non-food products such as
watches and radios. Sometimes the variety of food sources necessary for a healthy diet are not
commercially available or individuals are unsure about which food sources to purchase for a
healthy diet.

For Thailand and other opium-growing regions, this means that although selective
harvesting may be attractive, there is a risk of losing vegetables that are typically grown with
poppy seeds (Krantz, 1986).

Multipurpose trees:

Multipurpose Trees are valuable tree crops for high nutrients. Nevertheless, a few typical
examples of how trees can improve nutrition are provided as a guideline.
B-complex Vitamins:

Dim green vegetables are high in numerous supplements, including vitamin A, B-
complex nutrients, iron, and calcium. Clearly, dull green vegetables are not trees. In any case,
trees can assist with expanding the stockpile of this important nutrition class. Various species of
bamboo fences already surround many villagers' homes and gardens. Others have living walls of
Leucaena leucocephala, Jaropha curcas or some other tree species. Any of these make
exceptionally practical lattices for the climbing plant Coccinia indica and comparable yields.
These harvests developing wavering near the home can be handily watered with extra flush water
in regions where water is scant or challenging to acquire. A Leucaena lattice likewise can give
kindling and grub. Eaten by people, leaves of this tree are a wellspring of nutrient 131 and could
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help forestall beri. Not at all like some animals, do people for the most part need to be worried
about mimosine-related issues from ingesting a lot of Leucaena.
Vitamin A:

Papaya (Carica papaya) is a tree crop effortlessly filled in hotter environments where
there is adequate water. It is a phenomenal wellspring of vitamin A, a nutrient frequently
inadequate. Other organic product tree crops high in vitamin An incorporate mango (Mangifera
indica), persimmons (Diospyros spp.) furthermore, apricots (Prunus armeniaca). These three
harvests can without much of a stretch be dried for a decent all year wellspring of Vitamin A.
These trees are now filling in certain areas of Northern Thailand (Krantz, 1986). These fruit trees
can also provide fuel, control soil erosion, and shade other crops, especially during the hot
season. Pumpkin (Cucurbita spp.) is likewise a decent wellspring of Vitamin A. This harvest will
move up bigger trees or bamboo lattices.

Vitamin C:

Projects with the best of intentions frequently encourage the cultivation of citrus (Citrus
limon) and tamarind (Tamarindus indica), both of which are high in vitamin C, for domestic
consumption. are a standard piece of the eating routine, they typically give adequate L-ascorbic
acid without supplements from citrus or other comparable tree crops. Where this nutrient is
required, the quantity of yields containing L-ascorbic acid is very broad and incorporates,
arranged by significance, guavas (Psidium guajava), limes (Citrus aurantifolia), papayas (Carica
papaya), persimmons (Diospyros spp.), lychee (Nephelium litchi), pomeloes (Citrus maxima),
mangoes (Mangifera indica), and jackfruit (Artocarpus heterophyllus) (Krantz, 1986).

Qil:

Although oils and fats are essential for energy and vitamin A utilization, several
developing countries, particularly in Southeast Asia, lack large amounts of oils and fats in their
diets (RAPA, 1987). The common coconut Cocos nucifera can be an important source of oil in
areas where locals cannot purchase or obtain vegetable or animal oils. The diverse uses of the
organic product are undisputed: from mulch for the harvest (from the bale) to the drinking vessel
made from the inner bowl. This tree only occurs in regions below around 900 m altitude. Other
possible sources of oilseeds that are or could be suggested include chestnuts (Castanea sativa)
and pecans (Jreglams regia) (Krantz 1986).

Animal fodder:

There are many woody plants, such as: B. Leucaena leucocephala, which can be used
both as grain and as fuel. Vegetables, for example Leucaena, further increase the maturity of the
soil. The only downside is that non-ruminant animals may experience negative side effects from
consuming too many Leucaena leaves as they contain a toxic compound called mimosine
(Robert, 1982). Regardless, ruminants from many regions contain microscopic organisms in their
rumen that detoxify this compound and its side effects. Otherwise, it tends to invade the living
creatures.
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Green manure:

In areas where domestic larvae are not in order, there are many trees that can serve as
green manure. Such collections can be carried out in urban forests near cultivated fields or on
embankments or windbreaks at field edges. Legumes are particularly suitable for this application
because their ability to bind nitrogen further improves soil quality.

Coffee and Tea:

In many parts of the world, espresso (Coffea arabica and Coffea Robusta) and tea
(Camellia simensia) are sometimes popular crops in good rural areas. In addition, they can
prevent soil rot and provide shade for various crops thanks to espresso. However, local
consumption can have a negative impact on the diet, as drinking tea or coffee with a vegetarian
meal can significantly hinder iron absorption (Krantz, 1986). The trees listed above are just a few
of the many species that can help maintain the health of people in rural areas. In most cases, the
problem is not a lack of suitable trees, but rather knowing which tree is best for a particular
location. The answer to this question is the subject of the following section.

Promoting nutritionally beneficial trees:

There are numerous systems that, when implemented together, can create incredible
opportunities for a successful reforestation project. If these measures are implemented, cities in
the reforestation region will see competition over who can plant the most trees rather than who
can uproot the most saplings recently planted by the government. The first step is to decide on
the nutritional status of the affected population. It is enthusiastically suggested that all
reforestation projects include some type of plantation or other element that has direct value to the
population in the neighborhood.

By looking at key indicators of specific types of malnutrition, such as those mentioned
earlier in this report, people can identify specific nutrients that are missing from their diet.
Additionally, any ongoing plans to address nutrient deficiencies should be discussed with local
health authorities who are aware of them. If a population breeds a significant number of animals,
the inhabitants of that area should also be examined to determine whether they have enough
grain. Neighborhood Animal Extension specialists can provide you with an overview and general
information about growing conditions nearby.

Another perspective to consider when deciding on forest needs is that forest resources are
not limited to trees and their components. Forest resources also include critters, worms, other
low-growing shrubs, and spices (including many medicinal plants) that can restore forest health.
They cannot thrive in a space invaded by individual animal species such as eucalyptus or pine
trees. The next step is to determine which tree species can provide the necessary nutritional
supplements in addition to grain. Once this principle of tree crops that can be supported has been
established, their feasibility in an objective region must be assessed. The priority should be to
say that the mere fact that a tree can fill an area does not mean we know whether the residents of
the neighborhood will actually use it. The next step is then to decide the suitability of the tree
elements for neighboring individuals. One method to increase the chances of detection is to grow
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trees that are currently natural to a nearby population. Some research into tree crops, most of
which are used by local populations, could be particularly useful.

You can successfully introduce exotic trees or trees not currently used by villagers;
however, an educational program is required. The reason why the products of a particular tree
are consumed must first be explained to the villagers. They believe that malnutrition is a normal
part of life as almost everyone in the community is affected by it. In this way, it is important to
show residents what hunger is, its causes and consequences, and how felling trees can help
alleviate the problem. The involvement of charities and government support organizations can be
extremely helpful in this movement. Illustrated posters and diagrams, although seemingly
simple, can be very useful for introducing new tree species or finding new uses for underused
species. Instead of simply saying, “Don’t destroy forests,” the banners could say, “Plant XYZ

trees for food, fuel and land.”

Trees used for food by rural Trees used for fodder in rural

Azadirachta indica, Annona spp., Artocarpus
heterophyllus, Bauhinia purpurea, Citrus
aurantifolia, C. maxima, C. reticulates, C.
sinensis, Cocos nucifera, Ficus auriculata,
Garcinia spp., Garuga pinnata, Grewia
paniculata, Litchi chinensis, Mangifera indica,
Phyllanthus emblica, Prunus persica, Psidium
guajava, Sterculia foodda, Tamarindus indica

Melia azedarach Linn., Dendrocalamus spp.,
Buddleja asiatica, Ficus nemoralis Wall.,
Proman spp., Leucaena leucocephala, Myrine
semiserata, Machilus gamlei, Ficus lacor,
Ficus semicordata, Litsea polyantha, Ficus
roxburghii Wall., Prunus cerasoides D. Don.,
Shorea robusta Gaertn.,, Grewia tilfafolia,
Bauhinia purpurea Linn., Cedrela tonna Roem.

The next step in learning more about health-promoting trees is to source seeds. This can
be annoying. Hardly any large seed supplier supplies a large number of trees that are suitable for
a specific region. It's a good thing that relying on indigenous people to extract seeds from
wildlife remains can be crucial for forestry and horticultural businesses. This cycle may be more
involved than purchasing 100 kilograms of pine seeds, but still provides residents with useful
trees and incorporates them into the reforestation cycle over time. As seedlings develop, they
should be distributed among residents. When the above steps have been followed, residents
understand what the trees are for and are willing to help plant them. There is a result of this last
step. When giving away trees to people, rather than creating a large forest on open land, it may
make more sense to sell them than part with young trees. People will generally value the
purchased more than the free stuff. (Gautam, 1986).

Finally, after the trees have been planted, it is important to continue monitoring the health
of the population. If some of the species presented are not successful as healthy improvements, it
is necessary to find out why this is so and correct the situation through additional advice from
local residents or by introducing more satisfactory tree species with comparable nutritional
benefits. It is not enough to plant trees whose livelihoods reach their full potential, inform senior
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specialists of the number of trees planted, and then hope that the new trees will improve the

nutritional status of the population. It is important that the wealth of the target population is

monitored regularly. Monitoring to ensure potential benefits are recognized is critical to a truly
successful reforestation program.

Network on tree nutrition:

The FAO debate proposed the establishment of an Asian Food and Livelihoods
Organization comprising entities from selected countries in the region (RAPA, 1987). An
organization specifically dedicated to the exchange of information and encounters with healthy
and useful trees could be a truly significant expansion of the general nutritional organization
proposal for those who have participated in friendly ranger service exercises.
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Abstract:

Indian government classifies 90 million hectares as “wasteland” that is, non-productive
land; a definition that militates against the fact that about 40 per cent of our 1.3 billion
population depends on this land for livelihood. It is also caused by deforestation, urban
development, overgrazing and improper pruning of hilly areas. When the intensity and degree of
soil decomposition are high, deep chasms and ravines can be formed. The most importantly stage
in no man's land advancement is checking land degradation through soil and water conservation
measures, for example, bunding, digging, waste line treatment and vegetative obstructions.
Agroforestry is a land use framework in which trees or shrubs grow in association with
horticultural crops, fields or animals, and in which ecological and economic connections exist
between trees and their various parts and appropriate measures to control spillage and land
degradation are expected, including establishment of vegetation, agroforestry, mulching,
embankments, terraces, form development, revised excavations, rotation practices in different
crops, no cropping system, etc.

Keyword: Agroforesty systems, Soil and Water preservation, Wasteland, Land degradation etc.
Introduction:

Land degradation and development of wastelands are perceived as the abecedarian
difficulties of individualities living in dryland region and they likewise get worldwide
consideration. Declination brought about by over civilization, overgrazing, deforestation and
extravagant water system influences the vast maturity of the world's drylands. Land degradation
alludes to an impermanent or endless drop in the useful limit of the land or its true capacity for
natural administration. Net effectiveness change reflects both normal and mortal urged cycles of
corruption and enhancement. A many kinds of land corruption are, in every way that really
matters, unrecoverable. Models are extreme gullying and high position salinization. In these
cases, the long haul natural and climate capability of the land has been compromised. Relocation
of soil material (decomposition) is likewise unrecoverable, despite the fact that it’s drawn out
impacts on useful limit calculate upon the depth and nature of soil remaining.

Utmost kinds of land degradation, be that as it may, can be precluded or switched viz.
adding supplements to condense drained soil, modifying dirt through soil changes, restoring
foliage (reforestation), softening soil causticity. The common sense of restoring debased scenes
relies upon the costs relative with the worth of result or ecological advantages anticipated. Where
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drovers wish to strengthen horticultural creation on a provident premise, it veritably well might
be important to grasp similar land- elevation or land securing measures indeed innon-debased
scenes. Corruption is a course of progress over the long haul. According to strategy point of
view, it's introductory to fete those terrains that are right now going through corruption, to survey
the demand for exertion to balance out or turn around the commerce. Different grounds might
have arrived at a spoiled state relative with their normal condition multitudinous numerous times
or hundreds of times prior, yet are as of now in a steady or farther developing condition. For
feasible purposes, the land degradation issue alludes to the former regions.
Land degradation:

The World Climate Organization defines land corruption as any type of disintegration of
land's regular capability that affects environmental respectability, either by decreasing its
economic natural efficiency or by increasing its local organic extravagance and strength. The
UNCCD defines land corruption as the decrease or misfortune, in dry, semi-parched and dry sub-
bone-dry regions, of the natural or financial efficiency and complexity of downpour taken care of
cropland, watered cropland or range, field, backwoods and forests caused by land use or a cycle
or mix of cycles, including processes emerging from human exercises and home examples, for
example,

(1) Disintegration of soil caused by wind and water
(i) Degradation of soil's physical, synthetic, natural, or monetary properties; and
(iii) Long-term loss of regular vegetation

Different sorts of soil and land corruption have been made sense of by many creators
including FAO/UNDP/UNEP. As just normal, creators contrast in their way to deal with
depicting and arranging land degradation. It is by and large perceived that land corruption has
five primary parts. (i) soil degradation, (ii) vegetation corruption, (iii) water degradation, (iv)
environment decay (v) misfortune due to metropolitan/modern fosterment. Every one of these
significant parts could be partitioned into additional particular kinds of degradation. The land
degradation is grouped by unambiguous peculiarity common in the land as for physical,
compound and natural condition.

»  Physical: compaction, crusting, fixing, loss of design, sped up disintegration

»  Compound: salinization, poison levels, supplement consumption and uneven
characters, fermentation

»  Organic: decrease in biodiversity, loss of environmental part

The reasons for land degradation has been gathered into three classifications (Lal and
Antony Raj 2012): regular corruption risks, direct reasons for land degradation and hidden
reasons for land degradation.

1. Normal degradation risks: typhoons, dry spell, volcanic exercises, ocean level ascent,
and so on.

2.  Direct reasons for land corruption: deforestation, overcutting of vegetation, moving
development, overgrazing, non-reception of soil protection rehearses, expansion of
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development in the grounds of lower potential and/or high regular risks, ill-advised
crop revolution, lopsided manure and pesticide use

3. Hidden reasons for land degradation: populace increment, mentality, monetary
tension, land residency, land deficiency, neediness

Lower expected yields are the primary on-ranch effects of land degradation. The risk of
corruption may also be reflected in the need to request more contributions in order to keep up
with vyields. Serious debasement can lead to either temporary or permanent land forfeiture.
Corruption may also motivate ranchers to completely convert land in order to reduce esteem
uses. Data on the effects of land corruption on creation and the consequences for individuals has
been compiled by FAO/UNDP/UNEP.

Effects on land degradation upon production:
Decreased vegetation cover to the dirt and biodiversity misfortune
Top soil misfortune
Watershed annihilation with resulting water deficiencies
Decreased return of natural matter and less organic movement in the dirt
Expanded contamination from expanded utilization of agrochemicals
Land is deserted (where degradation is serious)
Crop yields are decreased
Information sources and expenses of production are expanded (where ranchers
endeavor to battle diminished yields by expanded inputs)
9.  Reactions to inputs are diminished
10. Adaptability of land the board is diminished
11. Risk is expanded
12. Work, specialized and monetary assets are redirected to recovery.
Consequences of land degradation for the people:
1.  Landlessness is expanded
2. Food supplies are diminished or less solid Work prerequisites are expanded
3. Livelihoods are diminished
4.  Relocation of youngsters in look for employments open doors
Wasteland:

The term wasteland assigns different sorts of unutilized land. It likewise shows little
parcels, for the most part on less ripe plot, which neglect to yield a re-visitation of the ranchers.
It is likewise characterized as the land which is laying uninhabited, crude, land left after some
utilization or land which is done filling any need. No man's land are those grounds which for
some explanations don't realize their life supporting potential through the effect populace
pressure both human and animals and silly advancement approaches and have continuously lost
their biological and monetary capabilities; escalating destitution and human wretchedness.
Extreme felling of woodlands, particularly in biologically delicate regions, over brushing by
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pastures aimless utilization of timberland and fruitful land for modern and other advancement in
proper rural practices have all added to the creation and spread of no man's land.
Dictionary definition: (non-specialized) of no man's land is "An unfilled area of land,
particularly in or close to a city, which isn't utilized to develop crops or based on, or utilized in
any capacity as well as a spot, time or circumstance containing nothing certain or useful, or
totally without a specific quality or action".

« The National Wasteland Development Board (NWDB) characterized no man's land as
"debased land which can be carried under vegetative cover with sensible exertion and
which is presently under used and land which is breaking down for absence of proper water
and soil the executives or by virtue of regular causes”. This is the most generally
acknowledged meaning of no man's land.

* ICAR proposed that "wastelands are lands which because of disregard or because of
corruption are not being used to their maximum capacity. These can result from intrinsic or
forced incapacities or both, like area, climate, synthetic and actual properties, and even
experience the ill effects of the board conditions".

» Technical Task Group Report of the Public Wastelands Improvement Board characterized
no man's land as "a land which is as of now lying unutilized because of various
imperatives".

« Society for Promotion Wasteland Development (SPWD) characterized wastelands as
"squandered regions as of now in the ownership of public or confidential area a
gencies/Establishments/Government/Panchayat and, surprisingly, under the responsibility
for and which are being used for not exactly their ideal potential™.

« Bhumbla and Khare (1984) characterized wastelands as "those terrains which are naturally
temperamental, whose top soil has been almost totally lost, and which have created
poisonousness in pull zones for development of most plants, both yearly harvest and trees".

Wastelands are degraded and underutilised lands that are not currently fallow due to
various constraints. Unfortunate land exercises have resulted in a lack of healthy sustenance and
a decrease in the dirt's underway limit. It is estimated that biomass creation in wastelands is less
than 20% of its total potential. It incorporates water logging, sheet and crevasse disintegration,
gorge, riverine lands, moving development, saltiness and alkalinity, wind disintegration, moving
sand ridges, extreme dampness inadequacy, seaside sand hills, and so on. These degraded
terrains are naturally temperamental, with nearly complete loss of top soil, and are unsuitable for
development due to a reduction in quality and efficiency.

Wastelands are generally divided into two types:
1 Cultivable no man's land
2 Uncultivable no man's land.
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1 Cultivable wasteland: 2 Uncultivable wasteland:
The land which is proficient or has The land which can't be created for
potential for the improvement of vegetative cover for example rough
vegetative cover and not being utilized regions, deserts and snhow-covered
because of various requirements of frigid regions.

differing  degrees, for example,

disintegration,  water-logging,  salt

impacts and so on.
Wasteland assessment:

As soon as mid16™ researchers chipping away at no man's land the board understood the
need to arrange the no man's land as per their inherent qualities and causative elements. Among
different attributes, information on soil surface, soil profundity, pH values, slant, disintegration
status and other repressing variables like salts, water-logging, flooding, roughness, stoniness and
so on are fundamental. Complete stock of reasons, liable for lands lying waste, were surveyed by
gathering data from different sources. They act as focuses for evaluation of any no man's land.
Wasteland mapping techniques:

The results of these investigations are kept in a pictorial structure on a predefined scale
thanks to careful planning. These guides will be useful to anyone who needs to learn about a
specific area of no man's land or who needs to use it for some reason. In India, the following
significant planning frameworks are accessible: conventional, elevated photograph
comprehension, and remote detecting. The main framework is a constant framework, whereas
the last two are tools for working on time and cost proficiency.

»  Unfortunate fruitfulness of the dirt >  Regular submergence and flooding perils
due to rough, seriously, sandy, saline, Absence of assets
antacid, water logging, shallowness
and disintegrated nature of the dirt
Steep and undulated inclines

Poor financial circumstances
Absence of work during top periods
Uneconomical return under development,
Moving development Certain homegrown and lawful troubles
Regular dry seasons Non-attendant property managers
»  Absence of water system offices possessions

Conventional system:

It is primarily dependent on a ground cut across with appropriate base guides for plotting

VYV V V
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limits. In order to recognise and plan no man's land, the assessor crosses from one field to
another with a base guide to gather dirt and land-use information after firmly separated field
perceptions.

This approach is extremely compelling, but it is also extremely time-consuming. Every
year, one field assessor can collect data from only 16,000 ha. Surveillance type of study could be
embraced with Overview of India geological guides at 1:50,000 scale as base material for
planning the wastelands on local premise. Surface, profundity, profile, morphology, physical,
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and synthetic attributes are accumulated point by point. Regardless, the proprietorship nuances

and other financial variables must be gathered.

Aerial Photo-Interpretation (API):

High contrast panchromatic airborne photos
of 1:25,000 scale and more modest are
entirely appropriate for wastelands planning.
Bogus variety APs might work fair and
square of planning, taking everything into
account since the edited terrains, plantations
and forested regions can be isolated all the
more effectively with their shifted variety
appearance. The determined guide could be
at a semi-itemized level. In any case, the
information  on  financial  variables,
proprietorship subtleties and other applicable
data must be gathered by field visits
individual enquiries and confirmation of
town records as it were.

Remote sensing:

The satellite time ushers new degrees in land use
planning. The periodicity and bigger point of
view enjoy their own benefits in planning
wastelands and observing the progressions
involving  satellite  information amazingly
including a few associations. Planning with
satellite information is faster and financially
savvy when contrasted with some other
techniques. Capacity to really screen the
progressions is the unique benefit in this
framework due to the periodicity of the
information. It is normal to acquire the precision
of 74.1 to 95.3 percent. Possession subtleties
can't be remembered for the remote detecting
information except if depended on different

strategies, for example, network overview,
income records and so on.

Processes of wasteland formation in india

Vegetal degradation: It is seen as deforestation, timberland spaces, moving development region
and furthermore corruption in eating region/field as well as in scrubland. At places, horticulture
is seen inside woodland land, this has been grouped under vegetal degradation inside timberland
region. Vegetal corruption processes are tracked down in both cold and hot districts.

Water erosion: It is seen in both hot and cold regions, in different land covers what's more, with
differing seriousness levels. The sheet disintegration, brook disintegration and shallow chasms
generally inside agrarian terrains are ordered as low class of seriousness. While profound and
wide chasms and gorges are arranged as high classification.

Wind erosion: It relates to the Aeolian exercises. It indicates the spread of sand by ideals of lift
and float impact of twist, even upto grand heights of Himalayas. Different classifications of sand
cover and their seriousness are characterized in light of the profundity and spread of sand sheet,
sand ridges and barchans.

Salinization and alkalinization: It is in a general sense the synthetic property of soils. It
happens for the most part in developed lands, particularly in the watered regions. At puts
saltiness is plainly seen on satellite pictures, while the alkalinization isn't seen and for the most
part surmised in view of ground truth information and distributed maps.
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Waterlogging: The undrained land regions will generally collect standing water for longer term
of time on a superficial level, this condition is called water logging. The seriousness of water
logging is resolved in light of the period for which the water stays stale.

Mass movement or mass wasting: It is dominatingly seen in mountainous regions, particularly
in cold dryland areas and it is characterized as the course of desertification which prompts the
down slant development of rock, regolith and garbage through the activity of gravity viz.
avalanches, scree slants

Frost heaving: It is characterized as the course of serious ice and freezing of water working in
frigid and per glacial climate and develops particular types of rock, regolith and soil, for
instance, a regular sporadic example ground are seen.

Frost shattering: It is characterized as the freeze and defrost activity working for the most part
in per glacial climate. While water, going through the hole and pores inside the stone freezes, it
grows by right multiple times. This comes down on the encompassing rock which breaks them.
Man made: Every one of those land degradation processes which is incorporated
straightforwardly or in a roundabout way by human mediation and are not regular, are sorted as
manmade desertification processes. It incorporates mining/quarrying, block furnace, modern
effluents, city squander, abundance utilization of manures and pesticides. It happens across
different land use/land cover classes.

Examples of land degradation in India:

1.  Mining destinations are deserted after unearthing work is finished leaving profound scars
and hints of over-troubling in states like Jharkhand, Chhattisgarh, Madhya Pradesh and
Orissa, deforestation because of mining have caused serious land degradation.

2. Instates like Gujarat, Rajasthan, Madhya Pradesh and Maharashtra, over gra punch is one
of the primary purposes behind land corruption.

3. In the territories of Punjab, Haryana, Western Uttar Pradesh, over water system is
answerable for land corruption because of water logging prompting expansion in saltiness
and alkalinity in the dirt.

4.  The mineral handling like crushing of limestone for concrete industry and calcite and
soapstone for fired industry create gigantic amount of residue in the climate. It impedes
the course of penetration of water into the dirt after it settles down on the land

5.  Lately, modern effluents as waste have turned into a significant wellspring of land and
water contamination in many pieces of the country.

Wasteland development:

The most importantly stage in no man's land advancement is checking land degradation
through soil and water preservation measures, for example, bunding, digging, waste line
treatment and vegetative obstructions (designing and vegetative designs). The following stage
is to expand the biomass accessibility by measures like field advancement, planting and
planting of vegetables, establishing solid plants, advancement of agroforestry and agriculture,
establishing bamboo, establishing quickly developing multipurpose trees (MPTs) and laying
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out woodlots for meeting feed, fuel wood and little lumber interest. No man's land the board
incorporates measures for land preservation, land restoration and land improvement.
1 Land conservation: It is the actions taken to keep up with the elements of the land. The

land is considered useful use, yet inside limits. Land is kept up with to remain inside

framework resistance and to permit framework to arrive at a balance. Assuming it is vital,

land is eliminated from use, or even sure measures are taken to restore.

Land rehabilitation: It is the reclamation of the past land elements of the debased land
Land improvement: It is an expansion in the ecological capability or useful capability of
land.

Ecological restoration:

R/
A X4

Biological rebuilding can be characterized as the most common way of helping the
recuperation and the board of environmental respectability, remembering a basic scope of
fluctuation for biodiversity, natural cycles and designs, local and verifiable setting and
supportable social practices. Reclamation can be detached, in which the corrupting
agent(s) is recognized and eliminated or dynamic, in which the board methods like
planting. Weeding, consuming and diminishing are embraced with a specific picture of
wanted design, piece, or example at the top of the priority list.

The requirement for reclamation expects some degree of impedance in a biological
system due to low environmental honesty. Albeit regular aggravations can cause impeded
conditions, frequently human exercises are capable and in this way an adjustment of the
administration can hypothetically achieve further developed conditions. There are
number of land reclamation choices that, whenever applied carefully, could support
horticultural creation and dial back land and ecological corruption.

Multi-faceted actions to combat land degradation:

v

The incorporated methodology is v°  Agroforestry
important to battle land corruption. The ~ v° Watershed the board
accompanying  methodologies are ~ v'  Natural observing, dry season early

viewed as important for the land admonition and estimating/reaction
improvement. framework

Coordinated administration of normal v" Advancement of supportable land the
assets executives’ procedures equipped to
Soil preservation and reclamation environmental change transformation
Working on agrarian creation and v/ Biodiversity conservation
stock-cultivating frameworks v' Enhancing rural, timberland, cultivated
Agrarian water the executives items

Economical woods the board v' Broadening exercises to alleviate
Expanding area and work efficiency tension on assets

with accessible innovation
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Wasteland development through agroforestry:

Agroforestry is a land use framework in which trees or shrubs grow in association with
horticultural crops, fields or animals, and in which ecological and economic connections exist
between trees and their various parts. The practice of agroforestry is a concrete game plan
consisting of concrete elements represented by climate, plant species and operation methods,
management, and social and financial work. Under reasonable assumptions, agroforestry
provides the highest yield per unit of land.

Further increases land wealth and productivity, reduces runoff and provides landowners
with higher incomes than monocultures. Adapting agroforestry practices such as tillage, forestry,
forest pastures and cropland with the right combination of trees, grasses and agricultural crops
helps create fallow land very quickly.Provides improvement in air humidity, soil and biomass on
fallow land.

Table 9.1: Types of Land Degradation and Improvement (Sara J. Scherr and Satya Yadav
1996)

Component Degradation Improvement
Soil conservation barriers (live, inert),
Physical soil Crusting, compaction, sealing, lands, tree protection, soil decompaction,
i i
ma);a ement wind erosion, water erosion, breaking up of pans, terracing, revegetation
g devegetation, over tillage of denuded cover crops, windbreaks, soil
deposition, improved tillage methods.
Soil water Impeded drainage, water logging, | Irrigation, water harvesting, field reduced
il water; . . . -
reduced water holding capacity, drainage, draining of waterlogged areas,
management - . o . .
infiltration, salinization filter strips
_ _ Alkalinization, acidification,
Soil nutrient . . e . .
and oraanic nutrient leaching, removal of Fertilization, composting, green manuring,
i
mat?er organic matter, burning of animal manuring, Flushing of saline and
vegetative residues, nutrient alkaline soils, liming of acid soils
management _
depletion
o Over application of ) . . .
Soil biology ) ) ) ) Introduction of biotic organisms, nitrogen
agrichemicals, industrial . i )
management . fixing microorganisms
contamination
Decline in vegetative cover, Increased vegetative cover, increased
Vegetation | decline in biodiversity, decline in species diversity, increased species
Management | species composition, decline in composition, Improved availability of
availability of valuable species valuable species,

Trees, shrubs and grasses for wasteland development:
It is widely believed that a large region of the country is blighted due to soil destruction
by water. Soil decay is essentially caused by the lack of vegetation cover, the slope, the nature of
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the soil, rainfall and its intensity, the pruning of the structure and the managers of the soil. It is

also caused by deforestation, urban development, overgrazing and improper pruning of hilly

areas. When the intensity and degree of soil decomposition are high, deep chasms and ravines

can be formed. Appropriate measures to control spillage and land degradation are expected,

including establishment of vegetation (trees, grasses, shrubs), agroforestry, mulching,

embankments, terraces, form development, revised excavations, rotation practices in different
crops, no cropping system, etc.

Consequently, dry areas should be reclaimed with tolerant species during the dry season.
In sandy areas, sand ridges should also be populated with suitable tree and grass species. The
region affected by wind decay should be protected by windbreaks and a shelter belt. Salt-tolerant
grass and tree species colonize soils affected by salinity and alkalinity.

Species identification is an important measure of progress of any no man's land
improvement program, which depends on similarity to nearby conditions, resilience and
efficiency. The heritability of local species plays an important role in local flexibility and
resilience to adverse ecological conditions. It is also important for adaptation to soils with
different depth limits and water retention. The base of the plant relies largely on enhancing a
large, deep root base. The innate characteristics of a group of animals that must be produced or
restored vegetatively, namely root suckers, when damaged, are also important for resistance.

Tree species: Grasses and search yields:

Acacia tortilis, Acacia senegal, Acacia | Vetiveria zizanioides, Cynadon dactylon,
catechu, Acacia auriculiformis, Acacia | Dichanthium annulatum, Panicum repens,
nilotica, Prosopis cineraria, Prosopis juliflora, | Panicum  antidotale, Cenchrus ciliaris,
Ziziphus mauritiana, Cassia siamea, Albizia | Lasiurus  sindicus, Bracharia  mutica,
lebbeck, Leucaena leucocephala, Gliricidia | Sporobolus marginatus, Eragrostis spp.,
sepium, Sesbania sesban, Erythrina spp., | Taverniera cuneifolia, Barleria acanthoides,
Casuarina equisetifolia, Anogeisus | Eremopogon foveolatus, Heteropogon
rotundifolia, Eucalyptus tereticornis, | contortus, Lepidagathis spp., Aristida spp.,
Eucalyptus camaldulensis, Hardwickia binata, | Oval folia, Tribulus terrestris, Brachiaria
Pongamia pinnata, Tecomella undulata, | ramosa

Azadirachta indica, Dendrocalamus strictus,
Bambusa bambos, Agave sisalana, Calliandra | Therapeutic plants:

spp., Gmelina arborea, Grevillea robusta, | Aloe vera, Commiphora wightii, Euphorbia
Dalbergia SiSs00, Terminalia spp., | antisyphilitica, Haloxylon  spp., Cassia
Anthocephalus  spp., Madhuca  spp., | angustifolia

Pterocarpus spp. Emblica officinalis, Aegle
marmelos

Improved fallow system:
Regular cycles generally restore efficiency to degraded areas with additional drainage,
given sufficient time. Typically, ranchers have used the act of “agelessness” to allow farmland to
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rest without a crop and allow it to return to normal. When senility progresses in fast-growing
trees, shrubs, or plants, the training is referred to as “improved senility.” Evolved and degraded
are agroforestry practices that have their origins in cut-and-eat gardening.

livestock farmers use abandoned work to speed up the recovery process and thus shorten the
duration of their old age. The innovation can be applied to all horticultural land not under
development to accelerate recovery, increase replenishment reserves and work on the future
efficiency potential of the site.

To improve poor conditions, ranchers spread seeds or plant seedlings of fast-developing
plants after harvesting crops. Nitrogen-fixing plants are used regularly because they are fiery,
well-established, drought sensitive, and can add barometric nitrogen. Trees and shrubs may
occupy the site for a period of time or for several years. During the shedding season, plants
collect nitrogen from the air and deep layers of the soil and shed their leaf litter to improve the
soil and control moisture. When trees are removed toward the end of the senescent period, the
underlying supports remain in the ground and gradually decay, contributing more nutrients to the
resulting yields.

The significant plant species utilized in the better neglected frameworks are Inga edulis,
Cajanus cajan, Crotalaria spp. Sesbania sesban, Gliricidia sepium, Erythrina spp., and Cassia
siamea (Wilkinson and Elevitch, 2013).

Vegetative barriers or barrier hedges:

The speed of flooding can be significantly reduced by setting up vegetation supports
using trees, bushes and grasses in the form of regular sections. These fences can provide an ideal
opportunity for water infiltration into the soil and contribute to sedimentation and removal of
decomposed material by reducing the transport limit of terrestrial streams. Vegetable fences or
thin strips of vegetation act as permeable channels. These fences could reduce the amount of
flooding and can definitely reduce land degradation.

When legumes are used, the land can be restored in a shorter time through soil
improvement, biomass improvement and moisture improvement. The ordinarily utilized species
are Gliricidia sepium, Leucaena leucocephala, Desmodium rensonii, Flemingia macrophylla,
and Cassia spectabilis. The grass species generally utilized are Brachiaria decumbens,
Brachiaria mutica, Cenchrus ciliaris, Eragrostis curvula, Molasses grass, Panicum antidotale,
Panicum coloratum, Panicum greatest, Pennisetum purpureum, Setaria spp., Vetiveria
zizanioides.

Hedgerow intercropping/alley cropping:

To manage the remarkable administration issues of the dirts, researchers at the Global
Organization of Tropical Farming (IITA) during the 1970s consolidated woody species in crop
creation frameworks. This eventually prompted the improvement of the back street editing
framework (Kang et al., 1981). In back street trimming, food yields and woody species are
intercropped, food crops are filled in the rear entryways shaped by hedgerows of established
trees and bushes, ideally vegetables. The hedgerows are scaled back at planting and occasionally
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pruned during trimming to forestall concealing and to diminish contest with the food crops. The

prunings are utilized as green excrement or mulch. The hedgerows are permitted to develop
unreservedly to cover the land when there are no yields.

One significant benefit of rear entryway trimming is that the editing and neglected stages
occur simultaneously on a similar land, consequently permitting the rancher to trim the land for a
lengthy period without a break. However back street cultivating was initially intended for use by
little ranchers, it is accepted that it is adequately adaptable to be adjusted for automated
cultivating utilizing proper apparatus.

The significant tree species utilized in back street cultivating are Acacia auriculiformis,
Gliricidia sepium, Leucaena leucocephala, Acioa barteri, Calliandra calothyrsus, Flemingia
macrophylla, Paraserianthes falcataria and Alchornea cordifolia (Kang, 1993).

Silvopastoral system:

Soil destruction is many times more severe on pastures than on arable land. Extreme leaf
decay and gully formation are normal. The underlying reason is the degradation of vegetation
due to overgrazing, which results in low, sometimes almost non-existent, ground cover and
leaves the soil vulnerable to decay. Expect to remove 10cm or more of debris. Such
disintegration occurs both in semi-arid areas, essentially subject to contact, and in areas used as
fields in mixed crop areas. Silvopastoral experiments include scattered pasture trees (e.g.
structures with Faidherbia albida or other acacia species), mixtures of estate crops with pastures,
living fences, grain banks, windbreaks and shelterbelts, and hedgerows scattered within the
pastures. The ability of grain tree windbreaks to control wind decay is deeply rooted. If the
silvopastoral framework is attempted essentially by planting trees on pastures without other
changes in the management of corrupt pastures, it will not succeed. The essential principles of
field management, such as limiting the number of domesticated animals and rotational feeding,
are essential for controlling decay in relation to another part of the silvopastoral systems.

The significant tree Species utilized in silvopastoral frameworks are Acacia tortilis,
Acacia leucophiloea, Acacia senegal, Acacia catechu, Acacia auriculiformis, Acacia nilotica,
Prosopis cineraria, Prosopis juliflora, Ziziphus mauritiana, Cassia siamea, Albizia lebbeck,
Leucaena leucocephala, Gliricidia sepium. Sesbania sesban, Erythrina spp., Casuarina
equisetifolia, Eucalyptus tereticornis, Eucalyptus camaldulensis, Hardwickia binata, Pongamia
pinnata, Azadirachta indica, Calliandra spp. etc.

Boundary planting and live fences:

Live fencing is a form of agroforestry that can enable diverse uses and management of
blighted livestock land. Although living fencing systems are widely used, the extent of the
numerous potential benefits and the number of different fencing systems are currently uncertain
or even indisputable. Planting multi-purpose trees and shrubs (MPTS) around the ranch is a
completely normal practice. They provide security, protection and essentials to rancher’s trees
were planted within the property boundary as a wall or as a residential property boundary.

109



Bhumi Publishing, India

Forested farms on the boundaries of land plots provide some advantages: formation of a
wall that limits the development of living beings, security from natural currents and the cruelty
of the sun, possibility of temporary searches. The most widely recognized species are Acacia
nilotica, Prosopis juliflora, Acacia senegal, Agave sisalana, Bauhinia spp., Euphorbia
balsamifera, Jatropha curcas, Ziziphus mauritiana and Ziziphus mucronata, Vitex spp., Bamboo.
Trees, crops and grasses suitable for agroforestry practices in degraded lands, gullied and
ravine lands:

Trees and bushes reasonable for silvopastoral framework in gullied lands are Acacia
nilotica, Acacia catechu, Azadirachta indica, Albizia lebbeck, Dendrocalamus strictus,
Dalbergia sissoo, Prosopis chilensis, Prosopis juliflora, Eucalyptus spp., etc. The significant
hindrance support species are Agave Yankee folklore, Arundo donax, and Vitex negundo. The
grass species reasonable for silvopastoral framework are Cenchrus ciliaris, Saccharum
spontaneum, Dichanthium annulatum, Cynodon dactylon, Heteropogon contortus.

Watterlogged and marshy lands:

Legitimate seepage is critical to restore these terrains. Appropriate tree species for
waterlogged and damp regions are Eucalyptus robusta, Syzygium cumini, Salix spp., Populus
nigra, Terminalia arjuna and Acacia nilotica, Barringtonia spp. and Casuarina equisetifolia.
Saline and alkaline lands:

The tree species appropriate for agroforestry rehearses in saline and basic grounds are
Prosopis juliflora, Prospopis chilensis, Acacia nilotica, Acacia arabica, Acacia catechu, Acacia
auriculiformis, Acacia tortilis, Tamarix articulata, Eucalyptus spp., Ziziphus spp., Albizia
lebbeck, Terminalia arjuna, Azadirachta indica, Morus spp., Ailanthus excelsa, Casuarina
equisetifolia, Syzygium cumini, Dalbergia sissoo, and Leucaena leucocephala. Guava,
pomegranate, custard apple, ber and sapota are the appropriate organic product trees for salt
impacted lands. The most fit grasses are Brachiaria mutica, Panicum antidotale, Chloris gayana,
Cynodon dactylon, Panicum spp., Pennisetum purpureum.

Degraded pastures:

Regularly established trees are Acacia nilotica, Acacia leucophloea, Acacia catechu,
Prospopis juliflora, Prosopis cineraria, Albizia lebbeck, Leucaena leucocephala, Gliricidium
sepium, Sesbania sesban and Erythrina spp. The suggested grass species are Dichanthium
annulatum, Panicum antidotale, Cenchrus setigerus, Cenchrus ciliaris and Chrysopogon fulvus.
Barren rocky and stony wastelands:

The suggested trees are Eucalyptus tereticornis, Dendrocalamus strictus, Melia
Azedarach, Albizia lebbeck, Acacial catechu, Ailanthus excelsa, Hardwickia binata, Cassia
siamea, Prosopis chilensis, and Dalbergia sissoo.

Mining and industrial wastelands:

The suggested tree species are Prosopis julifléra, Acacia auriculiformis, Acacias,
Azadirachta indica, Bombax ceiba, Casuarina equisetifolia, Eucalyptus tereticornis, Eucalyptus
camaldulensis, Tamarindus indica, Agave spp., Ailanthus excelsa, and Inga dulcis.
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