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PREFACE
In Bundelkhand region, soil is shallow in depth; topography is undulating, water holding
capacity is very low and strong radiation causes higher evapo-transpiration resulting in frequent
occurrence of droughts. The region has many outlying hills of Vindhyas called Vindhyachal and may be
grouped into following heads, viz.,Northern plain land, Vindhyan Plateau, Vidhyan hilly region cuts. The
base of the hills rests on gneiss, while the hills themselves are of sandstone, overlaid south of these
provinces by basalt, the Deccan trap, which has also spread north in dikes. The climate of the region is
semi-aridtype. The area has three distinct seasons, i.e. dry cool winter (December to February) with 9.5 to
21°C temperature and occasional frost, a long hot summer (March to June) with peculiarity of hot winds
(loo) with 48°C temperature and short rainy seasons (July to September) with annual rain fall 800-1300
mm. This region has over 17% of its land area under forests with diverse natural resources. Bundelkhand
region is rich store house of tree-based traditional knowledge. More than 350 non-timber forest species of
medicinal value have been reported, among which traditionally 82 species are abundantly utilized for
collection and harvesting for income generation in Bundelkhand.
Neem owing to its extensive adaptableness, flexibility, commercial and environmental
prominence possesses strong appeal for inclusion in agroforestry. Globally, neem (Azadirachta indica) is
a prominent tree species in forest of tropical and subtropical region that is paramount for biodiversity
conservation. Sustainable Development Goals (SDGs) of United Nations can be attained through
inclusion of neem on degraded lands in the form of agroforestry to promote ecological security, food and
feed security. In the region, neem based agroforestry has great significance for providing livelihood
security. Neem tree is native to Indian subcontinent and widely distributed in Bundelkhand region. It has
various uses that include natural pesticide, windbreak, source of fodder, fertilizer and traditional
medicine, and cosmetic industry. Neem based agroforestry model enables to provide employability to
rural folks through in India can be an example of inclusive growth model, which integrates local – rural
income seed collection, sorting, curing, processing and value addition. Thus, neem based agroforestry
model proves most economical and eco-friendly in present day context where global concern towards
climate change and sustainability of agriculture is facing renewed challenges.
Keeping above facts in the view, this compendium entitled “Harnessing the Potential of Neem
(Azadirachta indica) for Prosperity of Bundelkhand Region” has been drafted which includes a scientific
dimension of neem tree cultivation, multiplication, usage, ecosystem services, marketing, industrial
application, etc., in a very lucid manner.

May 04, 2022

Authors

Nurturing the Neem (Azadirachta indica) for Nature
and Livelihood Security
Contents
Sr. No.

Chapter Details

Page No.

Chapter: 1

Neem: Introductory Consideration

1-9

A.K. Pandey and M.J. Dobriyal
Chapter: 2

Botanical Description

11-20

Dipika Aayate, Swati Shedage and Ravindra Kumar Dhaka
Chapter: 3

Recent Advances in Neem Multiplication

21-34

Pankaj K. Lavania
Chapter: 4

Biochemical Constituents of Neem and Its Therapeutic Uses

35-55

Shravan Shukla
Chapter: 5

Neem Genetic Resources and Improvement

56-66

Swati Shedage, Dipika Aayate and Ravindra Kumar Dhaka
Chapter: 6

Neem Based Agroforestry

67-91

Ram Prakash Yadav, Prabhat Tiwari, Rakesh Kumar, M.J. Dobriyal
and A.K. Pandey
Chapter: 7

Neem in Natural Farming

92-112

Garima Gupta, M.J.R. Dobriyal, Prabhat Tiwari and A.K. Pandey
Chapter: 8

Neem Plantation as Road Side Avenue Tree

113-122

Priyanka Sharma, Gaurav Sharma and A.K. Pandey
Chapter: 9

Neem for Soil Heath Management

123-136

Yumnam Bijilaxmi Devi and A.K. Pandey
Chapter: 10

Neem for Plant Heath Management

137-154

Pavithra B.S.
Chapter: 11

Neem for Stored Grain Pest Management

155-179

Usha Maurya, Radhey Shyam, Vijay Kumar Mishra, M. Soniya
Devi and Umesh Pankaj
Chapter: 12

Green Economy and Neem Bio-resources
V. David Chella Baskar

180-187

Chapter: 13

Neem Based Industrial Products

188-205

Vijay Kumar Mishra, Usha, M. Soniya Devi, Umesh Pankaj and
Deepika Chauhan
Chapter: 14

Industrial Applications of Neem

206-215

Amey Kale, Vinod Kumar, Jahangeer A. Bhat and Manmohan J.
Dobriyal
Chapter: 15

Identification of Azadirachta indica Using Remote Sensing
Pavan Kumar

216-232

Contributors
A.K. Pandey
Dean, College of
Horticulture & Forestry,
RLBCAU, Jhansi, India
Email:
pandey.ajai1@gmail.com

Amey Kale
Assistant Professor,
Forest Products &
Utilization, RLBCAU,
Jhansi, India
Email: amey.iwst@gmail.com

Dipika Ayate
Teaching-cum-Research
Associate, Forest Biology
& Tree Improvement,
RLBCAU, Jhansi, India
Email: daayate@gmail.com

Deepika Chauhan
Assistant Professor,
Sardar Bhagwan Singh
University, Dehradun,
Uttarakhand, India
Email:

Garima Gupta
Teaching-cum-Research
Associate, Silviculture &
Agroforestry, RLBCAU,
Jhansi, India
Email: garima811@gmail.com

Jahangeer A. Bhat
Teaching-cum-Research
Associate, Forest
Products & Utilization,
RLBCAU, Jhansi, India
Email: jahan191@gmail.com

M. Soniya Devi
Teaching-cum-Research
Associate, Agricultural
Entomology, RLBCAU,
Jhansi, India
Email:

Pankaj K. Lavaniya
Teaching-cum-Research
Associate, Silviculture &
Agroforestry, RLBCAU,
Jhansi, India
Email:

maimomsoniya@gmail.com

drkumarpankaj2010@gmail.com

Pavan Kumar
Assistant Professor, Wild
Life Biology, RLBCAU,
Jhansi, India
Email:

Pavithra B S
Assistant Professor,
Forest Protection,
RLBCAU, Jhansi, India
Email:

pawan2607@gmail.com

pavithrabs24@gmail.com

Prabhat Tiwari
Assistant Professor,
Silviculture &
Agroforestry, RLBCAU,
Jhansi, India
Email:

deepika40865@gmail.com

M. J. Dobriyal
Professor & Head,
Forestry, RLBCAU,
Jhansi, India
Email:
manmohanjrdobriyal@gmail.com

prabhatbhu033@gmail.com

Radhey Shyam
Assistant Professor, Bihar
Agriculture University,
Sabour, Bihar, India
Email:

Rakesh Kumar
Assistant Professor,
Environmental Science,
RLBCAU, Jhansi, India
Email:

see2rsmaurya@gmail.com

negirakesh632@gmail.com

Ravindra Kumar Dhaka
Teaching-cum-Research
Associate, Forest Biology
& Tree Improvement,
RLBCAU, Jhansi, India
Email:
ravindrakrdhaka@gmail.com

Ram Prakash Yadav
Associate Professor,
Forestry, Silviculture &
Agroforestry, RLBCAU,
Jhansi, India
Email: rams34052@gmail.com

Sharwan Kumar Shukla
Assistant Professor,
Biochemistry, RLBCAU,
Jhansi, India
Email:
sharwanshukla@gmail.com

Swati Shedage
Assistant Professor,
Forest Biology & Tree
Improvement, RLBCAU,
Jhansi, India
Email:
shedageswati85@gmail.com

Usha Maurya
Assistant Professor,
Agricultural Entomology,
RLBCAU, Jhansi, India
Email:

Umesh Pankaj
Teaching-cum-Research
Associate, Microbiology,
RLBCAU, Jhansi, India
Email:

ushamauryaento@yahoo.com

umeshpankaj55@gmail.com

Vijay Kumar Mishra
Teaching-cum-Research
Associate, Agricultural
Entomology, RLBCAU,
Jhansi, India
Email:

Vinod Kumar
Assistant Professor,
Forest Products &
Utilization, RLBCAU,
Jhansi, India
Email:

Yumnam Bijilaxmi Devi
Assistant Professor,
Natural Resource
Management, RLBCAU,
Jhansi, India
Email:

dilman.vinod@gmail.com

bijilaxmiyumnam@gmail.com

premvijaybhu@gmail.com

V. David Chella Baskar
Assistant Professor,
Agricultural Economics,
RLBCAU, Jhansi, India
Email: davidbaskar@gmail.com

Chapter- 1
Neem: Introductory Consideration
A.K. Pandey* and M.J. Dobriyal
Rani Lakshmi Bai Central Agricultural University, Jhansi-284003, Uttar Pradesh, India
*
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The divine tree neem (Azadirachta indica) is mainly cultivated in the Indian
subcontinent. Neem has been used extensively by humankind to treat various ailments before the
availability of written records which recorded the beginning of history. The world health
organization estimates that 80% of the population living in the developing countries relies
exclusively on traditional medicine for their primary health care. More than half of the world’s
population still relies entirely on plants for medicines, and plants supply the active ingredients of
most traditional medical products. The review shows the neem has been used by humankind to
treat various ailments from prehistory to contemporary (Kumar and Navaratanam, 2013).
The latinized name of neem, Azadirachta indica, is derived from the Persian. Azad means
“free”; dirakht means “tree”; i-Hind means “of Indian origin”. Hence it literally means “the free
tree of India” (NF, 2012). The neem tree is an incredible plant that has been declared the “Tree
of the 21st century” by the United Nations (UNEP, 2012). The US National Academy of Science
published a report in 1992 entitled “Neem: A tree for solving global problems” (NAS, 1992).
Neem in Ayurveda
Ayurvedic literature lists various medicinal uses of neem. It describes neem bark to be
cool, bitter, astringent, acrid and refrigerant and useful in tiredness, cough, fever, loss of appetite,
worm infestation. The bark is reported to heal wounds and vitiate conditions of kapha, vomiting,
skin diseases, excessive thirst and diabetes. Neem leaves are reported to be beneficial for eye
disorders and insect poisons and to treat vatic disorder. It is reported to be antileprotic. Neem
fruits are bitter, purgative, antihemorrhoid and antihelminthic (Anonymous, 2006). Neem is
called ‘Sarvaroga nivarini’ meaning ‘the curer of all ailments’. In rural India, delivery chambers
are fumigated with burning bark of neem. Dried margosa leaves are burnt to repel mosquitoes.
In India several viral diseases are treated with neem. Neem leaf paste has been used to treat small
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pox, chicken pox and warts. Neem twigs are used as tooth brushes in rural India and Africa
(Anonymous, 2006). Dental gel containing neem leaf extract reduces the oral plaque index and
bacterial count (Pai et al., 2004). Methanolic extract fraction of neem leaves when tried against
Coxsackie ‘B’ group viruses, produced in vitro antiviral and virucidal effect (Badam et al.,
1999). Neem is used to treat malarial fever in ayurvedic medicine system. Neem oil treated
mosquito nets and mosquito-repellent tablets are now available in the North-east India. Gedunin
(a liminoid) obtained from neem has activity similar to quinine against malarial pathogen
(Anonymous, 2006). The neem liminoids (Azadirachtin, salannin, deacetylgedunin) exhibited
high larvicidal, pupicidal and antiovipositional bioactivity against malaria vector – Anopheles
stephensi (Nathan et al., 2005). Tablet suspension of the bark and leaf of neem showed moderate
effect against malarial pathogen, Plasmodium sp. (Isah et al., 2003).
Currently, studies on effect of administration of neem solutions on cancer, diabetes, heart
disease and AIDS are being carried out. Anticarcinogenic activity of neem leaf extract was
observed in murine system (Dasgupta et al., 2004). Injection of neem leaf preparation to tumor in
mice

reduced

tumour

growth,

exhibiting

anticarcinogenic activity (Baral and Chattopadhyay,
2004). Induction of apoptosis in rat oocytes was seen
when treated with neem leaf extract (Chaube et al.,
2006). Buccal pouch carcinogenesis in hamsters was
inhibited

by ethanolic

leaf

extract

of

neem

(Subapriya et al., 2005). The ethanolic leaf extract of
neem also caused cell death of prostate cancer cells
(PC-3) by inducing apoptosis (Kumar et al., 2006). Good antioxidant activity was observed with
neem leaf aqueous extract; flower and stem bark ethanolic extracts (Sithisarn et al., 2005).
Administration of aqueous extract of neem along with DOCA salt prevented the development of
hypertension in rats (Obiefuna and Young, 2005). Neem leaf extracts are antimutagenic. The
ethanolic extract of neem leaves exhibited strong antimutagenic activity in Channa punctatus, a
fresh water fish model (Farah et al., 2006). Aqueous extract of neem root and leaves reduced
blood sugar level in rats exhibiting antidiabetic activity (Halim, 2003). The bark extract
completely healed the duodenal ulcers when administered at the dose of 30-60 mg twice daily for
10 weeks. Neem bark extract had potential of controlling gastric hypersecretion, and
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gastroesophageal and gastroduodenal ulcers (Bandyopadhyay et al., 2004). Acetone-water neem
leaf extract showed antiretroviral activity through inhibition of cytoadhesion. The extract
increased haemoglobin concentration, mean CD4+ cell count and erythrocyte sedimentation rate
in HIV/AIDS patients (Udeinya et al., 2004). Enhancement of antibody production and cellular
mediated response by neem components helps in the treatment of AIDS (Anonymous, 2006).
Neem leaf and seed extracts exhibited antidermatophytic activity against dermatophytes viz.,
Trichophyton ruberum, Mentagrophytes, Trichophyton violaceum, Microsporum nanum and
Epidermophyton flocosum under in vitro conditions (Natarajan et al., 2002).
Neem seed oil showed bactericidal activity against 14 strains of pathogenic bacteria
(Baswa et al., 2001). Crude aqueous and solvent extracts of neem were tried against 20 strains of
pathogenic bacteria wherein crude extract produced better results (Srinivasan et al., 2004). The
contraceptive property of neem oil has been reported (Anonymous, 1992; Upadhyay et al.,
1994). Neem leaf extract has spermatotoxic effect. The leaf extracts of neem showed 100%
immobilization and mortality of human spermatozoa at a 3 mg dose within 20 seconds (Khan
and Awasthy, 2003); Khillare and Shrivastav, 2003)]. A new vaginal contraceptive, NIM76 was
developed from neem oil having antimicrobial activity against Escherichia coli, Klebsiella
pneumoniae and Candida albicans (SaiRam et al., 2000)
Neem in Siddha
All parts of neem tree are commonly used in
traditional Indian medicine for household remedy against
various human diseases (Drabu

et al., 2012). The definition

of Siddha medicine is conquest of death: “that which ensures
preventive against mortality”. This statement is attributed to
Tirumular,

a

revered

Siddha

whose

treatise

called

Tirumantiram (Subbarayappa, 1997). This system of medicine
originated from Tamil Nadu, South India. The system was
very popular in ancient India. Believed to be more than 10000
years old, the Siddha system of medicine is considered to be
one of the most antiquated traditional medical systems. The Siddha system of medicine is
prevalent in the southern states of India, Sri Lanka, Malaysia, and Singapore. The first medicinal
plant mentioned in the Siddha medical system is neem. The uniqueness of Siddha system is
3

evident by its continuous service to the humanity for more than 5000 years in combating diseases
and also in maintaining its physical, mental and moral health while many of its contemporaries
had become extinct long ago (NIS, 2012). Siddhars were spiritual adepts who possessed the
Ashta Siddhis, or the eight supernatural powers. The word Siddha came from the word siddhi,
which means the perfection of heavenly bliss. Sage Agathiyar is considered the guru of all
Sidhars, and the Siddha system is believed to have been handed over to him by Lord Muruga.
Typically siddhars were saints, doctors, alchemists and mysticists all at once. They wrote their
findings, in the form of poems in Tamil language, on palm leaves which are collected and stored
in what are known today as palm leaf manuscript, today still owned by private families in Tamil
Nadu and handed down through the generations, as well as public institutions such as
universities all over the world (India, Germany, Great Britain and USA).
Neem in Homeopathy
In natural medicine, the neem tree (Azadirachta indica) is
recognized as an effective treatment for many diseases and is used
for treatment of bacterial, viral, fungal infections and for the
treatment of malaria. A homeopathic formulation has been used
since the year 2000 for the prevention and treatment of malaria and
appears to be safe and effective. Resistance to neem has not been
found in many hundreds of years of use across the world. The
homeopathic neem preparation has shown to be effective for the reduction of malaria attacks in a
highly endemic area for Plasmodium falciparum. The treatment is safe in the short term and the
low cost of manufacturing renders this treatment especially attractive for developing countries as
the purchase cost is well within the range of an average household budget (Barlow-Benschop et
al., 2022).
Neem in Indus Valley civilization
On the Indian subcontinent, the neem tree has
been used for more than 4 500 years. The earliest
documentation of neem mentioned the fruit, seeds, oil,
leaves, roots and bark for their advantageous medicinal
properties. The first recorded indication that neem was
being used in the medical treatment was about 4 500
4

years ago. This was the high point of the Indian Harappa culture, one of the great civilizations in
the ancient world. There is evidence found from excavations at Harappa and Mohenjo Daro in
Northwestern and Western India, in which several therapeutic compounds including neem
leaves, were gathered in the ruins. In 1922, British archaeologists began to excavate the sites of
Harappa and Mohenjo-Daro. They uncovered the remains of long-forgotten cities. British
archaeologists discovered the 5 000 year-old Indus Valley civilization. They were amazed to
discover two cities - Mohenjo-Daro and Harappa. These cities were so advanced that they could
practically compete with cities today in areas of architecture, engineering and construction. The
streets were designed in a grid system that was well planned and organized. There was an
underground sewer system with stone manhole covers for access. A sophisticated water supply
and drainage system with waterproof brickwork ran throughout the city. The houses were
spacious in the upper class sections containing modern amenities like lavatory facilities. They
also found skulls upon which cranial surgery had been performed, and clay pots, which
contained medicinal herbs. One of the most prominent medicinal herbs they found was A. indica,
which is also known as neem. It shows the first evidence of an advanced medical system that
includes both surgery and phytopharmacology in one of the world’s most ancient and developed
civilizations (Kumar and Navaratnam, 2013).
Neem: Distribution
At the beginning of this century, the neem tree was still highly esteemed by Indian
emigrants who took it along to the places where they settled. Thus, the neem tree was introduced
in places such as Australia, East and subSahelian Africa, South East Asia, and South America.
Today, the neem is well established in at least 30 countries worldwide, in Asia, Africa and
Central and South America. Some small scale plantations
are also reportedly successful in Europe and United States
of America. Neem trees are fast growers, and in three
years may grow to 20 feet in height from seed planting. It
will grow where rainfall is only 18 inches per year and it
thrives in areas of extreme heat up to 120 degrees. It is
estimated that a neem tree has a productive life span of
150 - 200 years. It is estimated that there are around 18 million neem trees in India. Neem tree is
found all over in Malaysia. It exists mainly in Kedah, Penang, Langkawi and Perlis. Neem tree is
5

found widely in Sungai Petani, Kedah, Malaysia. Neem trees were also introduced in Pan Zhi
Hua, Sichuan province, China (Zhang et al., 2007). There are over 400 000 neems in Yunnan
province that make Yunnan the biggest artificial area of neem planting globally and the raw
material center of neem products in China. In 1995, the researcher of Chinese Academy of
Forestry introduced the neem in India to the hot river valley areas in Yunnan and the neem grows
well there. The research group has introduced the neem from South Asia, Southeast Asia and
Africa to China since 1997. In 1998, the demonstration of industrial neem planting was started
out in China. Because of the advantages on climate and terrain, the neem planting was
popularized and promoted in Yunnan rapidly. Yunnan has had the largest area of neem
plantation. Chinese Academy of Forestry plays an important role in cultivating technology of
neem (Yunnan Guangming, 2012).
In the last two decades, research on neem has been intensified and many of the
agricultural and medical properties of neem were rediscovered. Today, neem plays a major role
in the rural industry of India, and projects for the commercial use of neem have been
successfully introduced in the places like Kenya. Earlier this century, people somehow managed
to introduce this Indian tree to West Africa, where it has since grown well. They probably
expected neem to be useful only as a source of shade and medicinal especially for malaria. But in
Ghana, it has become the leading producer of firewood for the densely populated Accra Plains,
and from Somalia to Mauritania, it is a leading candidate for helping halt the southward spread
of the Sahara Desert. A. indica is an extensively popular tree in Nigeria and is commonly
referred to as Neem (English), “Dogon Yaro” (Hausa) and “Akun shorop” (Igbo). Senegal Neem
Foundation (SNF) was created by Dr. D. D. Faye, as a crucial part of Africa Bound Corporation.
Africa considers neem as a green gold. In Senegal, neem tree is known as the “Independence
Tree”. The world’s largest neem plantations are 10 sq km in the plains of Arafat, Saudi Arabia.
A Saudi philanthropist planted 50000 neem trees to shade and comforts the two million pilgrims
(Saleem et al., 1989). In the last decade, neem has been introduced into the Caribbean, where it
is being used to help reforest several nations. Neem is already a major tree species in Haiti
(Kumar and Navaratnam, 2013).
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Family Meliaceae
Neem tree belongs to family Meliaceae. The family includes about 51 genera and 778
Species (Gama et al., 2021). The important genera are

Aglaia, Amoora, Anthocarapa,

Aphanamixis, Astrotrichilia, Azadirachta, Cabralea, Calodecarya, Capuronianthus, Carapa, Ce
drela, Chisocheton, Chukrasia, Cipadessa, Dysoxylum, Ekebergia, Entandrophragma, Guarea,
Heckeldora, Humbertioturraea, Khaya, Lansium, Lepidotrichilia, Lovoa, Malleastrum, Melia, M
unronia, Naregamia, Neobeguea, Owenia, Pseudobersama, Pseudocarapa, Pseudocedrela, Pter
orhachis, Reinwardtiodendron, Ruagea, Sandoricum, Schmardaea, Soymida, Sphaerosacme, Swi
etenia, Synoum, Toona, Trichilia, Turraea, Turraeanthus, Vavaea, Walsura, Xylocarpus.
Kingdom:

Plantae

Clade:

Tracheophytes

Clade:

Angiosperms

Clade:

Eudicots

Habit and leaf form
Trees, or shrubs (or suckering shrublets), or herbs (rarely, e.g. Naregamia); laticiferous
(rarely, with milky juice exuding from the bark), or with coloured juice; bearing essential oils;
resinous. Stem growth conspicuously sympodial (rarely), or not conspicuously sympodial, Often
pachycaul, Mesophytic. Leaves alternate (nearly always), or opposite (rarely, decussate); nearly
always

spiral;

petiolate;

non-sheathing; commonly gland-dotted; without

marked

odour;

compound (usually), or simple; pinnate (mostly), or unifoliolate (rarely), or ternate (rarely), or
bifoliolate (very rarely), or bipinnate (very rarely); when pinnate, imparipinnate, or
paripinnate. Lamina pinnately veined; cross-venulate. Leaves exstipulate. Lamina margins entire
(usually), or crenate, or serrate, or dentate (or lobed). Vegetative buds scaly, or not scaly. Leaf
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development not ‘graminaceous’. Domatia occurring in the family (known from 6 genera);
manifested as pits, or pockets, or hair tufts.
Leaf anatomy
The leaf lamina dorsiventral (often with secretory cells of various shapes and sizes
containing resin, usually located between the palisade and the spongy mesophyll). Mucilaginous
epidermis present, or absent. Stomata mainly confined to one surface (the lower); anomocytic.
Hairs of numerous kinds present (in the family); eglandular and glandular; unicellular and
multicellular. Unicellular hairs branched and simple. Multicellular hairs uniseriate and
multiseriate; branched and simple. Complex hairs present, or absent; two-armed or stellate, or
peltate. Adaxial hypodermis present (rarely), or absent. Lamina with secretory cavities (in a few
genera, in addition to secretory cells), or without secretory cavities. Secretory cavities when
present, containing resin. The mesophyll with sclerenchymatous idioblasts, or without
sclerenchymatous idioblasts; containing crystals. The crystals druses and solitary-prismatic.
Minor leaf veins without phloem transfer cells.
Axial (stem, wood) anatomy, pith homogeneous, or heterogeneous (often with resin
cavities), secretory cavities present (sometimes), or absent; when present, with resin. Cork
cambium present, initially superficial. Nodes mostly penta-lacunar, Primary vascular tissues in a
cylinder, without separate bundles; collateral. Internal phloem absent. Cortical bundles absent.
Medullary bundles absent. Secondary thickening developing from a conventional cambial ring.
The wood diffuse porous (usually), or ring porous to semi-ring porous. The vessels from very
small to medium, or large; radially paired to in radial multiples, or clustered, or in tangential
arcs. The vessel end-walls simple. The vessels without vestured pits. The axial xylem with
tracheids, or without tracheids; without vasicentric tracheids; with fibre tracheids, or without
fibre tracheids; with libriform fibres, or without libriform fibres; including septate fibres, or
without septate fibres. The fibres without spiral thickening. The parenchyma apotracheal, or
paratracheal. The secondary phloem stratified into hard (fibrous) and soft (parenchymatous)
zones, or not stratified. ‘Included’ phloem absent. The wood storied to not storied. Tyloses
absent (but deposits of gum common).
Reproductive

type,

pollination. Unisexual

flowers

present,

or

absent.

Plants

hermaphrodite (usually), or monoecious, or dioecious, or polygamomonoecious. Gynoecium of
male flowers pistillodial, or vestigial (present as well developed rudiments, perhaps important in
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pollination). Pollination usually) entomophilous; via hymenoptera, or via lepidoptera;
mechanism conspicuously specialized (passive pollen presenters, in at least three genera), or
unspecialized.
Inflorescence
Floral, fruit and seed morphology
Flowers solitary, or aggregated in ‘inflorescences’; when aggregated, in cymes, or in racemes, or
in panicles, or in spikes. The ultimate inflorescence units cymose (usually, thyrsoid), or
racemose. Inflorescences axillary (usually), or terminal, or leaf-opposed, or epiphyllous, or
cauliflorous; usually paniculate with cymose branchlets (thyrsoid), less often racemose,
fasciculate or spicate, or flowers paired or solitary. Flowers minute to large; calyptrate, or not
calyptrate; regular; cyclic; tetracyclic to polycyclic. Floral receptacle with neither androphore nor
gynophore.

Free

hypanthium

absent. Hypogynous

disk present,

or

absent; when

present, intrastaminal; variable in form, stipitate, patelliform, cyathiform or tubular, free from or
more or less fused with the bases of the staminal tube or ovary.
Perianth with distinct calyx and corolla; (5–)6–12(–21); 2 whorled, or 3 whorled (the
corolla sometimes in two whorls); isomerous, or anisomerous. Calyx (2–)3–5(–7) (sometimes
transitional to bracteoles); 1 whorled; gamosepalous (usually), or polysepalous; entire
(occasionally, truncate or closed and circumcissile), or lobulate to blunt-lobed; regular;
calyptrate (rarely), or not calyptrate; imbricate, or open in bud, or valvate (rarely, or almost
closed when circumcissile). Corolla 3–7(–14); 1 whorled, or 2 whorled; polypetalous, or
gamopetalous (rarely basally united, but often fused with the staminal tube); imbricate, or
contorted, or valvate (less often).
Androecium (3–)5–10(–23), or 10–100 (to ‘many’, if appendages on the tube are treated
as staminodial). Androecial members free of the perianth, or adnate (with the staminal tube
adnate to the corolla); free of one another, or coherent (usually forming a staminal tube, which
may be complete or incomplete, short or up to 14 cm long, globose, urceolate, campanulate, etc.,
or cylindrical and then sometimes curved or inflated distally, and which free or partially united
appendages); when joined, 1 adelphous; 1–21 whorled (usually haplostemonous, sometimes with
two stamen whorls, and up to many series of ‘appendages’). Androecium exclusively of fertile
stamens, or including staminodes (the staminal tube being entire, crenate, lobed or bearing
appendages). Staminodes when present, 5–100 (as many as the stamens, or twice the number,
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rarely up to ten times the number). Stamens (3–)5–10(–23); isomerous with the perianth, or
diplostemonous; usually alternating with appendages, sometimes opposite them; filantherous, or
petaloid, or petaloid and with sessile anthers (often with the anthers sessile on the corolla-like
staminal tube). Anthers more or less dorsifixed; versatile; dehiscing via longitudinal slits;
introrse; tetrasporangiate. Endothecium developing fibrous thickenings. Anther epidermis
persistent. Microsporogenesis simultaneous. The initial microspore tetrads tetrahedral, or
isobilateral, or decussate. Anther wall initially with more than one middle layer (2 or 3).
Tapetum glandular. Pollen shed in aggregates (rarely), or shed as single grains; rarely in tetrads.
Pollen grains aperturate; 2–5 aperturate; colporate (sometimes slightly ruporate); 2celled (in 4 genera), or 3-celled (in Azadirachta only).
Gynoecium (1–)2–6(–20) carpelled. Carpels reduced in number relative to the perianth
to

increased

in

number

relative

to

the

perianth.

The

pistil

(1–)2–6(–20)

celled. Gynoecium syncarpous; synstylovarious, or eu-syncarpous; superior. Ovary (1–)2–6(–20)
locular (reflecting the carpel number). Gynoecium non-stylate to stylate. Styles when
demarcated, 1; when perceptible, attenuate from the ovary, or from a depression at the top of the
ovary; apical. Stigmas 1; variously clavate, or capitate, or subpeltate to peltate (commonly
forming

a

conspicuous receptaculum

pollinis);

wet

type;

papillate;

Group

III

type. Placentation when unilocular (i.e. occasionally), parietal; usually axile. Ovules in the single
cavity when unilocular 1, or 2, or 3–100 (i.e. one to ‘many’); 1–2 per locule (Melioideae), or 3–
50 per locule (i.e. one to ‘many’, in Swietenioideae); usually pendulous; epitropous (micropyle
superior); with ventral raphe; collateral, or superposed, or biseriate; arillate (Melioideae), or nonarillate

(Swietenioideae);

orthotropous,

or

anatropous,

or

campylotropous; bitegmic;

crassinucellate. Outer integument contributing to the micropyle, or not contributing to the
micropyle. Embryo-sac development Polygonum-type. Polar nuclei fusing prior to fertilization.
Antipodal cells formed; 3; not proliferating; ephemeral. Synergids hooked (sometimes with
filiform apparatus). Endosperm formation nuclear. Embryogeny onagrad.
Fruit fleshy, or non-fleshy; dehiscent, or indehiscent; a capsule, or a berry, or a drupe, or
a nut (rarely). Capsules septicidal, or loculicidal. Seeds endospermic (rarely), or nonendospermic; winged (Swietenioideae), or wingless. Embryo well differentiated. Cotyledons 2.
Embryo chlorophyllous (5/6), or achlorophyllous (3/4); straight, or curved.
Seedling germination phanerocotylar, or cryptocotylar.
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Physiology, phytochemistry: Sugars transported as sucrose (e.g. in Cedrela), or as
oligosaccharides + sucrose (in four other genera). Cyanogenic (?), or not cyanogenic. Alkaloids
present (commonly), or absent. Iridoids detected (doubtfully, in Xylocarpus), or not detected
( Jensen, 1991). Saponins/sapogenins present (rarely), or absent. Proanthocyanidins present, or
absent; cyanidin. Flavonols present; quercetin, or kaempferol and quercetin. Ellagic acid absent
(4 species, 3 genera). Aluminium accumulation not found (Watson and Dallwitz, 1992)
Scientific classification of genus Azadirachta
Azadirachta is a genus of two species of trees in the family Meliaceae. Numerous species
have been proposed for the genus but only two are currently recognized, Azadirachta excelsa and
the economically important tree Azadirachta indica, the Neem tree, from which neem oil is
extracted. Only two other species of Azadirachta are known. Azadirachta excelsa (Jack) (= A.
integrifoliola) is a tree of the wetter areas of South Asia, known as marrango in the Philippine
Islands. This plant, once almost extinct, is now being replanted in Asia and is being introduced to
other tropical areas with sufficient rainfall. The seeds contain azadirachtin, 1-tigloyl-3acetylazadirachtol, and marrangin, or 1-acetylazadirachtin H, which has an activity greater than
or equal to azadirachtin in some insect tests. The Thai neem (Azadirachta siamensis, Val.) was
formerly regarded as a variety of A. indica, but is now given species status. Its seeds contain
azadirachtin, marrangin, nimbin, and salannin, but much less of the last two than in Indian neem.
(Barton and Meth-Cohn, 1999).
Azadirachta indica contains 2n =28 chromosomes with 1.10 μm average size of
chromosomes, size of long and small chromosomes within the metaphase plates varies from 0.66
to 1.67 μm (baran Jha, 2014).
The genetic potential of A. indica has not been fully assessed. A marked difference in the
yield of azadirachtin has been observed from different seed sources (Siddiqui, 1995), with seed
from Ghana yielding 3.5 g/kg whereas Indian seed yielded only 0.2 g/kg. Therefore genetic
improvement studies should be undertaken to utilize the genetic variation in the species,
including selection of A. indica plus trees for important traits, general growth, medicinal,
insecticidal, antifeedant and pesticidal characteristics, maturity and yield of fruits and properties
and yield of oil. Provenance studies should also be carried out to determine suitable seed sources
for various localities, though care should be exercised, because it is difficult to distinguish
between natural stands and artificial plantations of this species.
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(Azadirachta excelsa (Jack) Jacobs
The sadao chang tree (Azadirachta excelsa (Jack)
Jacobs), known as tiem in Thailand and sentang in
Malaysia, is fast growing and economically valuable not
only for timber but also for its medicinal and pesticidal
properties. Young leaves and fresh flowers can be used
as food, and the seeds contain an important chemical,
known as azadirachtin, which is used as a natural
insecticide. It occurs in Thailand and probably Myanmar
(formerly Burma) and its common names are Thai neem and dibble neem, because young leaves
and flowers are consumed as a vegetable
Genus Azadirachta is from the Persian word "azad dhirakat" which means "excellent
tree" and refers to the economic importance of the plants in the same
genus. Species excelsa means tall or imminent. Large tree, able o
grow up to about 45 - 50 m tall. Trunk is usually clear up to 20 m tall,
girth size can be up to 12.5 m wide, bark is smooth when young and
becomes fissured in older trees. Green leaves, alternate arrangement,
measuring about 30 - 60 cm long, each leaf has about 7 - 11 pairs of
lanceolate to elliptic leaflets measuring about 12.5 cm long and 3.5 cm wide. Greenish-white
fragrant flowers borne on axillary panicle inflorescences up to 70 cm long, each flower
measuring about 0.5 - 0.65 cm long and 0.15 - 0.25 cm wide, 5-petaled. Fruit is an oblong drupe,
measuring about 2.4 - 3.2 cm long, turns from green to yellow when ripen, contains 1 seed. Food
In Peninsular Malaysia, the young shoots, leaves and flowers are consumed as a vegetable.)
Timber & Products (wood can be used to make furniture. Oil obtained from the seeds is used to
make soap.)
Apiculture: The fragrant flowers are a source of pollen and nectar.
Timber: Timber is a lightweight to medium-weight hardwood, the heartwood is pale
reddish-brown and distinctly demarcated from the yellowish-white, greyish white or sometimes
grey-pink sapwood. The wood density is 550-780 kg/cu m at 15% moisture content. Sentang
wood is rated as non-durable to moderately durable. The wood is generally easy to work with
good boring and planing properties, and takes a good finish. The timber has been used for
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construction work (joinery, interior finishing and flooring) and for furniture. Its veneer potential
is high.
Tannin or dyestuff: The tree’s bark contains tannins. Lipids: The seed oil fatty acid
composition is: caprylic acid 0.30%, n-capric acid 0.96%, palmitic acid 9.8%, stearic acid 4.7%,
heneicosanoic acid 0.72%, behenic acid 2.76%, and tricosanoic acid 0.75%.
Poison: The plant parts are insecticidal. The active principle marrangin (azadirachtin L)
has multiple effects on the development of insects.
Medicine: Seed products of Azadirachta species have been used for a long time in
traditional medicine. Other products: The seed oil, with a saponification number 203.38, is used
in the manufacture of soap. Marrangin (azadirachtin L) is a natural substance found in sentang
with a complex tetranortriterpenoid structure which to date has resisted artificial synthesis.
SERVICES Erosion control: Sentang can be planted for soil conservation purposes.
Shade or shelter: A. excelsa is a useful shade provider. Reclamation: The sentang shows potential
for plantation establishment and can be used in reforestation and afforestation programmes.
Soil improver: The leaves are used in agriculture as mulch. Ornamental: The sentang is a
beautiful tree planted in botanical and experimental gardens.
Intercropping: A. excelsa is a lesser known tropical fast growing evergreen
multipurpose tree of agroforestry potential. Sentang and rubber are often mixed in plantations

Neem (Azadirachta indica)
Origin and Distribution:
The exact native range of this species is obscure, but it is thought to be native to the
Indian Sub-continent (India and Bangladesh) and South-east Asia. Locations within which neem
is naturalized includes northern Australia, tropical Asia, Africa, Fiji, Mauritius, Puerto Rico, the
Caribbean and many countries in South and Central America.
Description
Azadirachta indica is a fast-growing tree that can reach a height of 15-20 m, though it
occasionally reaches 35-40 m. It is evergreen, but in severe drought it may shed most or nearly
all of its leaves. The branches are spread wide. The fairly dense crown is roundish or oval and
may reach the diameter of 15-20 m in old tree.
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The stem and bark
The old branches are brown in color, hard, cylindrical, with rough surfaces covered with
moderately thick brown bark and 1.5–3.5 m in length. The young
branches are green in color, glabrous breaking with fibrous fracture.
The stem possesses a slight characteristic odor and bitter taste.
The bark is brown in color, hard, moderately thick, curved to
channeled sometimes quill in shape, fissured gray to brown outer
bark and silvery brown inner bark, the outer bark shows
longitudinal and transverse wrinkles and fissures. The bark is odorless and has an astringent
bitter taste. It breaks with fibrous fracture (El-Hawary et al., 2013).
Leaf
Leaf is petiolate, alternate, compound imparipinnate with 7–19 leaflets and measures 38–
45 cm in length. The petiole is green in color, long and
cylindrical with swollen enlarged base. It measures 6–
9 cm in length and 0.1–0.3 cm in diameter. The rachis is
long, cylindrical and green in color measuring 15–20 cm
in length and 0.15–0.3 cm in diameter. The leaflets are
opposite, petiolate, lanceolate, with serrate margins,
acuminate apex and asymmetric base having a dark green
upper surface, the lower surface is lighter in color. They are nearly glabrous with pinnate
reticulate venation and the midrib is more prominent on the lower surface. The leaflet has a
papery texture and measures 3–9 cm in length and 1–3 cm in width. The petiolule is short,
cylindrical and green; it measures 0.3–0.5 cm in length and 0.01–0.05 cm in diameter. The leaflet
has a faint characteristic odor when crushed and possess an astringent bitter taste (El-Hawary et
al., 2013). Very young leaves are reddish to purplish in colour. The shape of mature leaflets is
more or less asymmetric and their margins are toothed (dentate).
Flowers
The white and fragrant flowers arise from the junction of the stem and petiole (are
arranged axillary), normally in more-or-less drooping flower clusters (panicles) which are up to
25 cm long. These branching inflorescences, bear from 150 to 250 flowers. An individual flower
is 5-6 mm long and 8-11 mm wide. Flower Bracteate, actinomorphic, hermaphrodite, complete,
17

hypogynous, scented, disciferous.Calyx made up of 5 sepals, gamosepalous, light green, valvate.
Corolla made up of 5 petals, polypetalous, imbricate. An annular disc present between petals and
stamens. Androecium made up of 10, or 8 - 12 monadelphous, filaments unite to form a staminal
tube seated at the base of annular disc, anthers dithecous, introrse. Gynoecium tricarpellary,
syncarpous, superior, trilocular, two ovules in each locule, axile placentation, style simple,
stigma trifid.
Fruit: Drupe.
Seed: Non-endospermic.
Floral formula:

Floral and Fructal Phenology
Floral initiation occurs in neem during a short period of leaf shedding (Ketkar and Ketkar,
1997), after which flowering will last for about five weeks, with
the flowers opening in succession. Neem will normally begin
flowering and producing seed after 3-5 years of age, but
flowering and fruiting can be extremely variable within the
species (Kandaswamy and Raveendaran, 1988; Mahadevan,
1991; Gogate and Gujar, 1993; Gupta et al., 1995). For example,
Gogate and Gujar (1993) found flowering and fruiting in a 50year old plantation of neem in Maharashtra, India, to be highly variable. Out of 331 trees under
study, a total of 292 flowered and fruited in the 1992 season, and fruit production varied from 7.5
to 17.3 kg (dry weight) per tree. Studies on the fructal phenology of neem in a three-year-old
provenance trial at Jodhpur, India revealed that 25.52% of the plants in the trial were fruiting in
the third year, although this varied between provenances from 0 to 65% (Gupta et al., 1995). The
majority of the trees were fruiting synchronously, with a small percentage (3.72%) flowering
whilst other trees were fruiting. The timing of flowering and fruiting varies from site to site, but
in India, neem flowers in April and the fruits are ready for harvesting in July. Late flowering
genotypes have, however, been identified from Tirupur, Tamil Nadu, India (Shanti et al., 1996).
The genotype flowered and fruited at the normal time and from September to December. Seed
germination was reduced in the late-flowering type, and a higher proportion of abnormal
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seedlings was produced. These abnormalities may be due to an increased level of selfing in the
late-flowering type.
Sexual and Breeding Systems
Neem is andromonoecious, i.e. bisexual and staminate (functionally male) flowers occur
on the same tree (Singh et al., 1996). The anthers start to dehisce around 08.00 hrs in the closed
flower, and the pollen is mature before the stigma becomes receptive (protandry) (Gupta et al.,
1996). Pollination is performed by bees and other small insects, and the ovary is triocular, i.e. it
has three chambers each with two ovules. Generally, the endocarp encloses one seed, sometimes
two and rarely three, a phenomenon termed polycarpy (Singh et al., 1995). The seeds are
dispersed mainly by birds and mammals. Neem is thought to be outcrossing, and Kundu (in
press) confirmed this by estimating the outcrossing rate in a natural population from Bangladesh
using three isozyme loci (tm = 0.90 and ts = 0.92). Selfing has, however, been reported in the
species (Gupta et al., 1996) and viable seed is produced on self-pollination (Solanki, 1998).
Fruits
Fruits are smooth, olive like drupe which varies in shape
from elongate oval to nearly roundish, edible, and 1.2–2.0 cm
length. The fruits are initially green and turn brown on ripening.
The neem trees are prolific tree, fruit production start as early as
3–5 years and become fully productive at 10–12 years, Epicarp:
brown and thin, Mesocarp: sweet pulp, yellowish white and
slightly fibrous 0.3–0.5 cm thick, Endocarp: white, hard inner
shell of the fruits encloses one elongated seed having brown seed coat. Birds are known to gorge
themselves on the fruits (El-Hawary et al., 2013).
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Neem, Azadirachta indica A. Juss., a member of the Meliaceae family, is indigenous to
Southern Asia (Akula et al., 2003). The neem tree is a multipurpose
timber tree from which high value products are extracted for use as
insecticides, fertilizers and multipurpose medicines. In India, neem
is popularly known as the village dispensary (Akula et al., 2003).
Azadirachtin, a limonoid (tetranotriterpenoid), is the main
insecticidal constituent of neem. It occurs in all parts of the neem
tree, but is concentrated in the seed kernel.

This tree have

demonstrated environment, products from all parts of the plant concentrated azadirachtine
(Schmutterer, 1990; Gaukar, 2000; Thoeming et al., 2006).
Propagation
Mature neem trees produce large quantities of seed during the fruiting season, and natural
regeneration is promoted by high annual rainfall and seed dispersal by birds and bats, who remove
the fruit pulp and distribute the clean seed. Neem can, therefore, be propagated readily in the
nursery by sexual means. In the last 20 years, however, considerable research on the vegetative
propagation of neem has been conducted, largely as a result of the recalcitrant nature of the seed,
and the search for elite neem genotypes and their propagation.
Neem has been conventionally propagated by seed. Depending on the climatic conditions, seed is
set within 5 - 7 years; however, it is recalcitrant in nature and rapidly loses viability. Furthermore,
the heterozygous nature of neem due to cross-pollination presents a problem when selecting
uniform, high-yielding (azadirachtin) and fast-growing trees from seedlings. Tissue culture methods
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for genetic improvement, rapid propagation, and clonal propagation of genotypes producing high
levels of azadirachtin offer obvious advantages over propagation by seed. In vitro multiplication of
neem was achieved by using nodal segments (Drew, 1993; Yasseen, 1994) and leaf explants
(Eeswara et al., 1998). Plant regeneration in neem was reported from callus derived from leaves
(Narayan and Jaiswal, 1985), anthers (Goutam et al., 1993) and cotyledons (Muralidharan and
Mascarenhas, 1989). Roots could be an excellent source of explant for rapid multiplication of neem
through cyclic and continuous production of seedlings and the propagation in neem are categorized
in two ways likes as sexual and asexual propagation (Fig. 3.1).

Fig. 3.1. Neem cultivation methods
Propagation by seeds
Seed collection and storage
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The olive-shaped fruits (drupes) are 1.0 to 2.0 cm long, smooth, and greenish yellow to
yellow when mature. Neem fruits ripen from June to August in India (Anon. 1988; Brandis, 1971;
Troup, 1981) Fruit production usually begins when trees are 3 to
5 years old and is profuse when trees become fully productive at
approximately age 10 years (Ahmed and Grainge, 1986; National
Research Council, 1992). There are normally between 4,000 to
5,000 seeds per kilogram found in neem fruits, although
published data on seed weights range from 900 to 6,300 seeds
per kilogram (Chaturvedi, 1985). Seeds are dispersed by birds.
The fruits should be collected from branches when fully ripe or from the ground within 1 to 2 days
after fruit fall. The fruits are then spread on mats under light shade and airdried for 4 to 5 days. After
drying, they may be stored at ambient temperature in cloth sacks before sowing. Age of the tree
significantly influences the viability and vigor of seeds. Kumar (2019 ) and Dubey and Padwar
(2020 ) observed that seeds collected from 15 years old age group of mother tree expressed higher
vigour index, sturdiness quotient, volume index, quality index, root shoot ratio as compared to very
young mother plants of 6 year old and also from 25 years old mother plants.
Nagaveni et al. (1987) noted that the fruits of neem are normally collected from the ground,
de-pulped and sown immediately because of the risk of low seed viability. Several workers have
suggested that neem seeds should be collected from the tree when they are greenish-yellow, rather
than when they have fallen to the ground, are de-pulped and dried under shade for two days
(Nagaveni et al., 1987; Chaturevedi, 1993; Gunasena and Marambe, 1998). In this way, the risk
from fermentation of the unopened cotyledons can be reduced, viability can be improved and high
germination percentages can be obtained for up to several months after harvest.
Mature neem trees produce between 4,000 to 5,000 seeds
per kilogram found in neem fruits, although published data on
seed weights range from 900 to 6,300 seeds per kilogram of seed
during the fruiting season ((Anon. 1988; Chaturvedi, 1985) and
natural regeneration is promoted by high annual rainfall and seed
dispersal by birds and bats, who remove the fruit pulp and
distribute the clean seed. Neem can, therefore, be propagated
readily in the nursery by sexual means.
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Neem seeds have been variously documented as orthodox, intermediate or recalcitrant
(Berjak et al., 1995; Bhardwaj and Chand, 1995). However, the species is generally regarded as
intermediate and viability can be extended through drying (Mohan et al., 1995) and ambient to low
temperature storage conditions (Singh et al., 1997). A 5-6 day drying period in shade conditions
caused a drop in seed moisture content to 11% (Singh et al., 1997). Drying was found not to
adversely affect germination rates, and seeds could be stored under ambient or refrigerated
conditions for up to six months. Roederer and Bellefontaine (1989) reported that seed lots which
had been stored for several years at CTFT (Centre Technique Forestier Tropical, Nogent-surMarne,) Nogent-sur-Marne, France, without endocarp had an acceptable germinative capacity
(42%) after over 5 years of storage.
Surendran et al (1992) reported that by storing de-pulped and shade dried seeds in earthen
pots that contained wet sand (30% moisture content) a viability of 62% could be achieved after
three months. Jindal and Vir (1994) report that storing seeds in airtight containers can enhance
viability, as respiration rates are decreased thereby allowing the seeds to maintain their storage
resources for longer periods. Dod et al. (1997) stored neem seeds (9% moisture content) in cloth,
polylined jute, paper orpolyethylene bags for 60 days under ambient conditions. Seeds stored in
cloth bags maintained significantly higher viability (37.9% germination after 60 days of storage)
compared with the others.
Seeds originating from mature yellow fruits lived longer than seeds from green or brown
fruits. In all storage experiments with seeds having MCs >10%, viability was preserved best at 1015°C, indicating that neem seed is chilling (and freezing) sensitive. There was no survival longer
than 2 years under these conditions. At MCs of 4-8%, seeds were considerably more tolerant to low
temperature storage and had 40-60% viability after 2 years at all temperatures tested (-20 to +20°C).
However, the seeds were sensitive to imbibitional stress, which could be alleviated by imbibition at
temperatures of 25-30°C or above. The difficult storage behaviour of neem seed seems to stem
from: 1) the sensitivity to low temperatures at MCs >10%; 2) the extreme sensitivity to imbibitional
stress after storage (Sacandé et al., 1998). Sacandé et al. (2000) reported that oxidative stress may
be one of the important factors affecting the viability of neem seed. They observed that oxidative
stress was much higher at 75% RH storage than at 32% RH, mainly caused by the rapid loss of
reduced glutathione at 75% RH.
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Seed treatments have a positive effect on germination percentage, moisture content and
uniformity of germination. Significant differences in sugar and starch content between primed and
unprimed seeds have been reported by Singh et al. (2019). Maximum reduction in germination per
cent over the fresh seed germination was noticed in case of sun drying of seeds for 24 hours
(16.66%) and minimum in case of gum coating (3.63%). Further they noticed decrease in total
soluble sugar as there was increase in the storage period of seeds.
Seed sowing and seed germination
Sowing of seeds in nursery beds made up of fine river sand is done in drills 15 cm apart.
Seeds are sown 2.5 cm deep at distance of 2 to 5 cm in the lines and lightly covered with earth to
safeguard against birds and insects which often eat radicles of the germinated seeds on the surface.
The beds are sparingly watered to prevent caking.
Alternatively seeds can be sown directly into pots. Seeds are sown 3 / 4 months before
planting date. Potting mix comprises of 50% sandy
loam, 40% river sand and 10% compost by volume.
Fresh neem seed germinates seven days after sowing
and germination is complete after 25 days (Singh et
al., 1995). Bharathi et al. (1996) found that
greenish-yellow drupes had the highest viability and
germination percentage when compared to both
younger (green) and more mature (yellow) seeds.
The seeds germinate readily without pre-treatment, although Kumaran et al. (1996) found that Seed
soaking in 2% KH2PO4 (Potassium dihydrogen phosphate) gave maximum germination, shoot
length and leaf number, and 1% KH2PO4 gave maximum root length. Pre-soaking de-pulped seeds
for 30 minutes (Hegde, 1993) to three days (Fagoonee, 1984) has also been found to improve
germination, and Radwanski and Wickens (1981) suggest that germination is improved when the
inner shell is removed to expose the embryo.
Transplanting
Three Months old seedlings in the nursery can be planted in the main field (De Joussieu,
1963; Radwanski, 1977), however older seedlings of one year old gives better establishments as
compared to tender seedlings (Singh, 1982). Bahuguna (1997) recommends that where neem
seedlings are to be planted out in dry areas, a strong tap root is required and therefore it is necessary
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to transplant once the seedlings are more than a year old. As for any tree species, however, good
land preparation is imperative when transplanting seedlings.
Young seedlings are sensitive, like mature trees, to
waterlogged and very dry soils (Gunasena and Marambe,
1998). Young neem trees cannot tolerate frost or excessive
cold conditions (Chaturevedi, 1993; Hegde, 1993). Kundu
and Tigerstedt (1998) demonstrated that the biomass of
neem

seedlings

was

positively

correlated

to

net

photosynthesis, stomatal characteristics and light intensity during the early stages of growth.
Seedlings are not, however, tolerant of very high light intensities, hence the provision of light shade
is recommended. At early stage weed growth retards the development of neem seedlings and regular
weeding stimulates both height and vigour (Chaturvedi, 1993). An application of mulch around the
seedlings helps to ensure moisture and reduce weeds emergence. Different soil water conservation
methods, i.e. planting in pits or trenches with an application of mulch, can be used in water deficient
areas (Gupta, 1994; 1995).
Advantages
 Seedling tree (sexual method) is generally long lived; bear more heavily are comparative
more hard.
 Propagation from the seed is only means of reproduction where the method of vegetative
propagation is not possible or economical.
 Inbreeding for evolution of new varieties, the hybrids are first raised from the seed.
 Propagation from seed has been responsible for the production of some chance seedling of
highly superior merits, which has been of some chance seedling of highly superior merits
which has been great benefit to fruit collection and processing unit.
Disadvantage
 The Seedling tree is not uniform in their growth, yielding capacity and fruiting quality as
compared to grafted tree.
 They make more time to bear the maidencrop as compared to grafted plants.
 The seedling tree become large for economic management i.e the cost of harvesting,
pruning and praying is more as compared to the grafted trees.
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 It is possible to perpetuate the exact character of any superior hybrids or chance
seedling; vegetative methods have to be employed.
Vegetative Propagation
Vegetative propagation of neem allows for the mass production of genetically identical
individuals (clones). Traditional methods of vegetatively propagating neem include grafting, root
cuttings, stem cuttings and stump cuttings. In recent years, however, methods involving the
micropropagation of neem through tissue culture have been successfully developed.
This type of propagation methods of several plants in the mature growth phases reduces the
long non flowering juvenile characteristics of most seedling plant vegetative propagation produce
plant identical in genotype with the mother plant (Hartmann et al., 1990).
Macropropagation
The development of vegetative propagation
techniques reduce the variability and at the same
time ensure increased productivity. For the
production of high quality timber and faster tree
growth, it is essential to start vegetative propagation
programme by selecting elite clones or genotypes
from which the shoot cuttings are to be taken.
Vegetative propagation through stem cuttings is the most vital method to reproduce plants
and conserve their innate desirable characters. Establishment and growth rate of the cutting depends
on seasonal and age variation, portion and diameter of stem, growing media, moisture level, nutrient
status and temperature (Gehlot et al., 2014). Palani and Kumar (2001) reported that IBA @ 1000
ppm induced 80% rooting and luxuriant root system in branch cuttings of mature trees only in leaf
fall season (February), where as juvenile cuttings collected from young seedlings showed rooting in
most of the months. Sivagnanam et al. (1989) reported that stem cuttings of neem dipped into IAA
and IBA rooted effectively in mist propagator in 135 days. Leaf less hard wood cuttings of mature
neem (15-20 cm long and 1-2 cm in diameter) collected during summer months, treated with 100
ppm IBA for 24 hour took about 10-12 weeks to root but percent rooting was very low.
Develop roots propagated by cutting of neem
Stump cuttings generally consist of a stem cutting (2.5 cm in length) and a root mass (approx. 23 cm
in length). They are planted at the onset of rains, and stumps prepared from two year-old plants have
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a better survival rate than younger plants. Farmers in
Winneba, Ghana, report that they propagate neem by
breaking large twigs or small branches from mature trees
and stick them in the ground (Childs, 1999).
Sivagnanam et al. (1989) reported that stem
cuttings of neem dipped into IAA and IBA rooted
effectively in a mist propagator in 135 days. Tomar
(1998) also found stem cuttings rooted effectively with IBA, but coppice shoots gave better results
than the cuttings from the main woody stem. Palanisamy et al. (1998) found that maximum
rhizogenesis in stem cuttings coincided with the emergence of new shoots, this being February in
Jabalpur, India. The use of IBA at 1000ppm increased the rooting percentage, number of roots and
root biomass. Kamaluddin and Ali (1996) investigated the effect of both leaf area and auxin on the
rooting and growth of green stem cuttings from a two-year-old tree. They concluded that IBA and
leaf area did not significantly affect rooting percentages, but that treatment with 0.2% and 0.4%
IBA solution had a significant affect on root development and the subsequent growth of the
cuttings. Palanisamy and Kumar (1997) investigated the influence of endogenous auxin on rooting.
They concluded that rooting was dependent on the endogenous auxin levels of the shoot, and that
longer cuttings (25 cm long) rooted more readily than shorter cuttings (5cm). Gupta et al. (1998)
investigated the potential for air layering neem. They found that using IBA, branches readily formed
roots where the bark had been scraped away. The rooted branches, when cut away from the tree,
established in polythene bags giving a 100% survival rate. They concluded that an IBA treatment of
800ppm for air-layering neem is effective in enhancing the rooting of air-layered cuttings.
Kijkar (1992) studies about the rooting ability of coppice shoots of neem and found rooting
success of 90% for 100ppm IBA treated cuttings and 62% for untreated cuttings under mist.
Rooting media significantly influences the rooting ability of propagules. Reddy et al. (1993)
reported that ordinary sand was best medium followed by vermiculite and 1000ppm IAA produced
best rooting. Kamaluddin & Ali (1996) investigated the effect of both leaf area in auxin on the
rooting and growth of green stem cuttings from 2-year old Azadirachta indica tree. They concluded
that treatment with 0.2% and 0.4% IBA solution has a significant effect on root development and
the subsequent growth of the cuttings. Tomar (1998) found stem cuttings rooted effectively with
IBA but coppice shoots gave better result than cuttings from the main woody stems of Azadirachta
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indica. Ahmed Adam (2000) tried vegetative propagation of neem through air layers in sprouts and
obtained 41% of success while those on upper branches showed 27%. The 0.1% IBA showed the
highest rooting percentage.
Micropropagation
Micropropagated plants were observed to flower 25 months after being transferred to the
field and exhibited expected azadirachtin contents and other seed related traits. They concluded that
mass production of neem seedlings through micropropagation could produce trees with known
azadirachtin content in their seeds. In spite of the seeming success of tissue cultured plants once
established under field conditions, it is important to bear in mind that the long term field
performance of micropropagated plants has yet to be ascertained (Bahuguna, 1997).

Adventitious root formation in neem mini-cutting

Neem Tissue culture

Substantial research on the micropropagation of neem was conducted during the 1980’s and
90’s (Puri, 1999). Callus initiation from young leaves and cotyledons has been achieved (Narayan
and Jasiwal, 1985), and tissue cultured seedlings have been obtained from cotyledons, young leaves
and stem segments (Rao et al., 1988). Improvement of neem and its potential benefits to poor
farmers in developing countries (Joshi and Thangane, 1996) described a procedure for the clonal
propagation of neem from woody explants, generating between two and three shoots per explant.
Drew (1993) reported on clonal propagation from stem nodal sections.
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The tissue cultured shoots successfully developed roots and the
regenerated plants established well in a soil medium. Plantlets regenerated
from embryos (Thiagarajan and Murali, 1993), and through axillary bud
culture (Joarder et al., 1993) have also been successfully established under
field conditions. Venkateswarlu (1999) described a procedure for the
selection of plus trees and their mass micro propagation.
Clonal propagation in neem
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Introduction
Plants on the earth are one of the wonderful gifts of nature because of the presence of
various metabolites and important chemical constituents with pharmaceutical importance
(Hossain and Nagooru, 2011). Apart of the trees, neem has its own importance in Indian
mythology (Eshrat and Ali, 2002). After samudra manthan when amrita (Elixir of immortality)
was begin carried to heaven by Devas few drop was fell on the neem tree which attributes to its
medicinal properties. In Vedas, Neem is considered as “Sarva Roga Nivarani”, which means one
that cures ailments and illness (Al-Bukhari and Al-Bukhari, 1976). Neem tree (Azadirachta
indica) is one of the important trees of Meliaceae family frequently grown in the tropical and
semi-tropical region of Indian subcontinent and most of the African countries (Sonalkar et al.,
2014). Neem trees are also grown on island in the southern Iran. Most of the neem trees are
similar to its relative chinaberry (Melia azedarach) (Ping et al., 2002).
Neem is fast growing trees with average height of 50 to 60 ft. Branches are wide with
dense crown and may reach the roundish shape. Neem tree is observed as drought resistant tree
and are able to survive in water deficit condition with annual rainfall below to 400 mm but in
such cases of water deficit condition its largely depends on the ground water level. Neem trees
have also been observed as high temperature tolerant, it can tolerate highest temperature but
unable to survive in the temperature below to 50C.
The primary plant products or primary metabolites naturally synthesized in the neem tree
have less medicinal and pharmaceutical importance in comparison to secondary plant products
synthesized though mevalonic acid pathway and shikimic acid pathways. Generally primary
products synthesized are growth regulators and phytohormones (GA, ABA) and other
biomolecules like, carbohydrates; plant pigments like chlorophyll, carotenoids etc. are involved
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in the growth and development of the tree. Whereas, secondary plant products perform non-vital
function as well as commercially employed as insecticides, fungicides, medicinal products as
well as industrial materials (Bandyopadhyay et al., 2004). Neem based natural products and their
derivatives used world widely due to less side effect properties (Ali, 1993). However, several
clinical based studies confirmed that neem and byproducts plays pivotal role in the prevention of
various diseases. Most of the active ingredients of the neem have also been noticed in the various
through the modulation and strategic modification of the numerous cell signaling pathways
(Kokate et al., 2010; Hossain et al., 2011).
The neem tree including their barks, flower, fruit, leaves have number of medicinal
properties because of the presence of numerous types of chemical and other secondary
metabolites. Products prepared from neem tree have been used as traditional medicine of India
since centuries (Yash Roy and Gupta, 2000). Neem has been extensively used in the diseases
treatment and disease prevention by enhancing its antioxidant activity (Sultana et al., 2007).
Number of medicines and pharmaceutical products have been developed from neem tree using
various plant parts viz. leaves, bark, flower, fruit and oil with evidence of disease prevention and
treatment (Govindachari et al., 1998).
There are more than 150 active compounds have been isolated and identified from the
neem tree using various plant parts (Subapriya and Nagini, 2005). Flavonoids, sistosterol and
limuloids are the major products isolated from neem leaves (Singh, 2009). Neem seed is another
important source of the phytochemical with medicinal importance (Mordue and Nisbet, 2000).
Gedunin and azadirachtin is the major phytochemical of the neem seed with therapeutic
importance and antimicrobial activity (Hossain et al., 2013).
Active chemical constituents of neem
Neem oil is the major source of the active chemical constituents, almost 40 % of the total
chemicals are found in the neem oil and rests are actively found in leaves, bark, flowers and
fruits (Maithani et al., 2011). The most important active constituent is azadirachtin and the others
are nimbolinin, nimbin, nimbidin, nimbidol, sodium nimbinate, gedunin, salannin and quercetin
(Othman et al., 2011). In this chapter, we focus up on the important phytochemical of neem and
their importance.
Characterized phytochemicals from neem
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More than sixty phytochemical have been isolated and chemically characterized with
respect to medicinal and therapeutically importance (Jagadeesh et al., 2014). Chemically
characterized compounds are now frequently used for the commercial exploitation in
pharmaceutical industries for medicine manufacturing (Maity et al., 2009). Considering the
biological activity of the chemically characterized compounds from neem extract, only thirty five
compounds were found to be biologically active (Tinghui et al., 2001). Earlier Indian chemists
isolated a bitter pain reliever from neem oil and later on crystallized compound named nimbin
from neem leaf; however, an easy method for separation of these bitter compounds is available
(Jagadeesh et al., 2014). Dried plant material is generally used for compound extraction using
percolation/maceration and soxhlet extraction along with supercritical fluid extraction,
microwave-assisted extraction as well as counter current extraction (Tinghui et al., 2001).
Different types of extract like petroleum ether extract (mixture of low polar compound),
chloroform extract (mixture of intermediate polar compound), methanol extract (mixture of polar
compounds) and methanol: water extracted (Maity et al., 2009). Few important neem compounds
are given in table (4.1).
Table (4.1) Important neem compounds
S. No.

Phyto-chemicals

Molecular formula

1.

Nimocin

C6H5NO2

2.

Ascorbic acid

C6H8O6

3.

Scopoletin

C10H8O4

4.

Kaempferol

C15H10O6

5.

Quercetin

C15H10O7

6.

Myricetin

C15H10O8

7.

Chlorogenic acid

C16H18O9

8.

Quercetin-rhamnoside

C21H20O11

9.

Hyperoside

C21H20O12

10.

Nimbafalavone

C26H30O5

11.

Nimbandiol

C26H32O7

12.

Valasinin

C26H36O5

13.

Kaempferol-3-o-rutinoside

C27H30O15

14.

Rutin

C27H30O16
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15.

Nimbolide

C27H30O7

16.

Nimbinene

C28H34O7

17.

Nimbin,6-deacetyl

C28H34O8

18.

Nimocinol

C28H36O5

19.

Nimocinolide

C28H36O7

20.

Zafaral

C29H40O6

21.

Stigmasterol

C29H48O

22.

Nimbin

C30H36O9

23.

Nimbocinone

C30H46O4

24.

Nimbocinolide

C32H42O10

25.

Azadirachtin

C35H44O16

Chemical ingredients in neem
Neem leaf is rich in fatty acids and amino acids, mainly glutamic acid, tyrosine, alanine,
glutamine and cysteine (Dasgupta et al., 2004) ascorbic acid (Gupta et al., 2015). Neem leaf
extracts (NLEs) and its constituents exhibit antibacterial (Sikder et al., 2014), anticarcinogenic
(Paul et al., 2011, Subapriya and Nagini, 2003), antihyper-glycemic (Niture et al., 2014,
Sunarwidhi et al., 2014), anti-inflammatory (Schumacher et al., 2011, Jagadeesh et al., 2014,
Soare et al., 2014), antimutagenic (Hwang et al., 2014), antinociceptive (Khosla et al., 2000),
antioxidant (Khosla et al., 2000) antiulcer (Ghimeray et al., 2009), cardioprotective (Malik et al.,
2011), hepatoprotective (Cho et al., 2016) and immuno-modulatory (Maity et al., 2009)
properties. Leaves contain ingredients such as nimbin, nimbanene, 6-desacetylnimbinene (Koul
et al., 2014-a), nimbandiol (Koul et al., 2014-b), nimbolide (Dudi and Meena, 2015), nhexacosanol and amino acid, 7-desacetyl-7- benzoylazadiradione (Mukherjee et al., 2014), 7desacetyl-7-benzoylgedunin (Narkhede et al., 2014), 17-hydroxyazadiradione (Sikder et al.,
2014) and nimbiol (Chirumbolo, 2010) (Table 4.2). Quercetin (Kim et al., 2015), ß-sitosterol (de
Oliveira et al., 2015), polyphenolic flavonoids (Bauri et al., 2015) were purified from neem fresh
leaves and were known to have antibacterial & antifungal properties (Sithisarn and Gritsanapan,
2005) and seeds hold valuable constituents including gedunin and azadirachtin (Yoshida and
Niki, 2003). Neem leaves are also used by the tribal peoples as antibacterial & antifungal
medicines and also as pathogenic nematicides (Justin and Vieira, 2010, Kala, 2015). Most of the
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region of Uttrakhand and Himalayan region, neem leaf extract is used to identify the snake bite,
whether poisonous or non-poisonous (Liu et al., 2015, Rautray et al., 2015).
Table (4.2) Chemical composition of neem (Azadirachta indica)
S. No.

Chemical composition

Unit as prescribed in parenthesis

1.

Moisture

59.40 %

2.

Calorific value

1290 (kcal/kg)

3.

Fiber

6.2 %

4.

Carbohydrates

22.90 %

5.

Fat

1.0 %

6.

Proteins

7.1%

7.

Calcium

510 (mg/100g)

8.

Minerals

3.4 %

9.

Iron

17 (mg/100g)

10.

Phosphorus

80 (mg/100g)

11.

Vitamin C

218 (mg/100g)

12.

Niacin

1.40 (mg/100g)

13.

Thiamine

0.04 (mg/100g)

14.

Carotene

1998 (µg/100g)

15.

Glutamic acid

73.30 (mg/100g)

16.

Aspartic acid

15.50 (mg/100g)

17.

Proline

4.00 (mg/100g)

18.

Tyrosine

31.50 (mg/100g)

19.

Alanine

6.40 (mg/100g)

20.

Glutamine

1.00 (mg/100g)

Antioxidant activity of neem
The potential antioxidant activity of the different neem crude extract have been studied
and evaluated in various capacities. The different crude extract was flowed in sequence as
chloroform – butanol – ethyl acetate extract – hexane extract – methanol extract (Hossain et al.,
2013). The performance of antioxidant activity using various extract suggested that chloroform
crude extract of neem could be used as natural antioxidant with great value (Priyadarsini et al.,
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2009). Other relevant result showed that concentration-dependent antiradical scavenging activity
and reductive potential in the manner that nimbolide > azadirachtin > ascorbate respectively
(Nahak and Sahu, 2011). Moreover, the antioxidant activity of the seed oils and flowers produces
highest free radicals with excellent scavenging activity (Kiranmai et al., 2011). The performance
of antioxidant activity from root bark extract also exhibited higher degree of free radical
scavenging. It has also been found that the antioxidant activity of root bark found to be
significant properties in comparsion to extracts from other tree parts (Ghimeray et al., 2009).
Medicinal importance of neem
Nowadays, formulation of neem product could be used as alternative source of medicine
for prevention of number of diseases (Eshrat and Ali, 2002). One of the important formulations
of neem oil has been effectively identified to control mosquito larvae in different breeding sites
under natural field condition (Rabiu and Subhasish, 2009). Azadirachta indica shows therapeutic
role due to the rich source of antioxidant and other
valuable active compounds such as azadirachtin,
nimbolinin,

nimbin,

nimbidin,

salannin,

and

quercetin. But the exact molecular mechanism in the
prevention is not understood entirely. Neem plays a
major role as free radical scavenging properties due
to rich source of antioxidant (Mordue and Nisbet,
2000). Clinical based studies confirmed that neem
plays a vital role in prevention of various disease and
treatment. The role of active ingredients of neem as
chemo preventive effect has been noticed in various tumours via modulation of numerous cell
signaling pathways (Mordue and Nisbet, 2000).
The detailed clinical trials study should be made based on animal to know the exact
mechanism of action in the disease management. Neem plays role as free radical scavenging
properties due to rich source of antioxidant. Azadirachtin and nimbolide showed concentrationdependent antiradical scavenging activity and reductive potential in the following order:
nimbolide > azadirachtin >ascorbate (Hossain et al., 2013). Neem ingredient shows effective role
in the management of cancer through the regulation of cell signaling pathways. Neem modulates
the activity of various tumour suppressor genes (e.g., p53, pTEN), angiogenesis (VEGF),
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transcription factors (e.g., NF- 𝜅B), and apoptosis (e.g., bcl2, bax). Neem also plays role as antiinflammatory via regulation of pro-inflammatory enzyme activities including cyclooxygenase
(COX), and lipoxygenase (LOX) enzyme (Sarmiento et al., 2011).
Anti-inflammatory Activity
Neem is one of the importance sources of reactive oxygen species (ROS) (Kaur et al.,
2004). Earlier findings showed immuno-modulator and anti-inflammatory effect of bark and
leave extracts and antipyretic and anti-inflammatory activities of oil seeds (Arora et al., 2011).
Experiment was made to evaluate the analgesic activity of neem seed oil on albino rats and
results of the study showed that neem seed oil showed significant analgesic effect in the dose of
1 or 2 mL/kg and oil has dose-dependent analgesic activity (Kumar et al., 2012). Another study
was made to investigate the anti-inflammatory effect of neem seed oil on albino rats using
carrageen an-induced hind paw edema (Biswas et al., 2002).
Anticancerous activity
Tumour suppressor gene (p53) play an important role in the in the inhibition of the
proliferation of abnormal cells in the way that inhibiting the progressive development of
cancerous cell in our body system (Arumugam et al., 2014). Nimbolide is one of the potent
phytochemical extracted from neem contributes excellent cytotoxicity (Cohen et al., 1996). They
also have potential to down regulate cell survival protein and other inhibitors of the apoptosis
protein (Gupta et al., 2011). Number of study confined that ethanolic fraction of the neem leaf
(EFNL) treatment effectively up-regulated the proapoptotic genes and associated protein p53,
Bcl-2-associated X protein (Bax), Bcl-2-associated death promoter protein (Bad) caspases,
phosphatase and tensin homolog gene (pTEN) and c-Jun N-terminal kinase (JNK) (Subapriya et
al., 2006). Furthermore, ethanolic neem leaf extract enhanced the expression of proapoptotic
genes, such as caspase-8 and caspase-3, and suppressed the expression of Bcl-2 and mutant p53
in the 7,12- dimethylbenz (a) anthracene-induced cancer cells (Subapriya et al., 2005).
Inactivation of pTEN has been noticed in various types of tumour (Li et al., 1997). A study
confirmed that ethanolic fraction of neem leaf treatment significantly increased the expression of
pTEN, which could inhibit mammary tumourigenesis through its inhibitory effect on Akt (Khan
et al., 2004).
Hepatoprotective effect
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The active constituents of the neem tree play vital role in the hepatoprotective under
adverse complications. Numbers of studies have been performed to investigate the
hepatoprotective role of the neem phytochemicals (Ilango et al., 2013). One of the important
roles of neem derived chemicals with carbon tetracycline observed as dependent dose as
protective role against hepatoprotective effects. However, the results from these studies show
that pretreatment with azadirachtin-A at the higher dose levels moderately restores the rat liver to
normal (Baligar et al., 2014-a). Another important study was performed to investigate the active
constituents of neem such as nimbolide for the evidence of acute toxicity and its protective
effects against carbon tetrachloride (CCl4) induced liver toxicity in the rats (Naik et al., 2014).
The results of their study suggest that nimbolide possess hepatoprotective effect against CCl4
induced liver damage in rats with efficiency similar to that of silymarin standard (Baligar et al.,
2014-b). Another study was performed on neem plants it reveals that aqueous leaf extract of A.
indica was found to have protection against paracetamol induced liver necrosis in rats (Bhanwra,
2000).
Wound healing and antiulcer effect
Numbers of plant have been identified for their wound healing property. Neem is one of
the important tree plants with wonderful wound healing property and has been used by the
peoples since ancient era (Barua et al., 2010). Paste and powder of neem bark and leaf have
wound healing property in both excision and incision condition of the wound (Ofusori et al.,
2010). It has been observed that the incision wound and strength of the healing tissue can be
recovered employing the past of neem leaf and bark within in a week. However, in the case of
diabetic patient neem bark and leaf past take some time in the healing of deep wound (Osunwoke
Emeka et al., 2013).
Antidiabetic activity
The root bark extract using 70% ethanol from neem showed significant result on diabetes
(Patil et al., 2013). Other pharmacological experiment based on hypoglycemic action of
Azadirachta indica in diabetic rats shown that glucose tolerance test with neem extract
250mg/Kg demonstrates glucose levels were significantly reduced as compared to the control
group and Azadirachta indica significantly reduced glucose levels at 15th day in diabetic rats
(Dholi et al., 2011). Another important study suggested that leaves extracts of Azadirachta
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indica have significant antidiabetic activity and could be a potential source for treatment of
diabetes mellitus (Akter et al., 2013).
Antimicrobial effect
Neem and their derived ingredients play inhibitory role in the growth and development of
microbes up to extreme level. Neem derived ingredients are usually very powerful for the
inhibition of fungal and bacterial pathogens. Most important role of the need based products in
the prevention of viral, bacterial, fungal and other microbes are described individually as
follows:Antiviral activity
Neem bark and their paste significantly show positive response against viral entry in the
body through blocking the entry of virus strain at cellular level. The concentration of neem bark
extract ranging from 50 to 100 μg/ml are potentially block the entry of HSV-1 virus in to the cell
of living organism including human (Yerima et al. 2012). However, the blocking activity of the
neem based extract was several timers noticed that when extract was incubated with virus strain
but not with targeted cell as a direct anti-HSV-1 (Tiwari et al., 2010). Another extract of neem
i.e. leaf based neem extract have been potential to prevent the viral infection in the body cell and
also in the blood. Neem leaf based extract have ability to prevent the entry of coxsackie virus B4 through inactivation of the viral strain up to certain level (Badam et al., 1999).
Antifungal effect
It has been observed that the past of neem leaf has ethno-veterinary effect on the human
and animal skin infection caused by fungus (Rautray et al., 2015, Shrivastava and Swarnkar,
2014). Several studies have calming that aqueous and alcoholic extract of the neem leaf acts as
growth inhibitors for the seen born fungus Aspergillus and Rhizopus (Mondall et al., 2009;
Mahmoud et al., 2009, Bohora et al., 2010). Moreover, the ethyl acetate based extract from the
neem leaf have also been observed in the inhibition of human fungal pathogens like Aspergillus
flavus, A. fumigates, A. niger, A. terreus, Candida albicans and Microsporum gypseum. Another
finding showed the antimicrobial role of aqueous extracts of neem cake in the inhibition of spore
germination against three sporulating fungi such as C. lunata, H. pennisetti, and C.
gloeosporioides f. sp. mangiferae (Anjali et al., 2013) and results of the study revealed that
methanol and ethanol extract of Azadirachta indica showed growth inhibition against Aspergillus
flavus, Alternaria solani and Cladosporium (Shrivastava and Swarnkar, 2014).
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Antibacterial effect
The antibacterial efficacy of the neem products have been successfully analyzed for their
preventative nature against bacterial infection in the body (Ghonmode et al., 2013). Moreover,
the leaf extract of neem showed significant role in the inhibition of bacterial zone using 3%
sodium hypochlorite in the neem leaf paste. The neem leaf based extract and neem leaf paste
have been analyzed and experimented up to more than twenty strain of the food borne bacterium
(Yerima et al., 2012). The output of the study suggested that neem leaf based extract and neem
leaf paste possess phytochemical containing antibacterial properties that can significantly useful
to control the foodborne pathogen and other spoilage containing organism (Mahfuzul Hoque et
al., 2007).
Procedure of neem oil extraction
Neem oil is a demanded and most commercially product in agriculture mainly in the form
of

urea

insecticides

coating
in

and

fertilizer

industries. In composition, it
is, like other vegetable oils,
composed
triglycerides

mainly
of

of
oleic,

stearic, linoleic and palmitic
acids. The main part of
neem oil is the neem seed
which is known as kernels.
For the extraction of neem
oil, the seeds are first broken and kernels separated. The kernels are then pressed in industrial
expellers or in a hand or bullock-operated wooden presses (ghani). The Kernels contain about
50-60 % oil. This “cold-pressed oil” is mainly used in lamps, soaps and other inedible products.
Neem oil generally dark in colour, bitter in test and it contains sulphur compounds. A large
industry in India extracts the oil from the seed cake using hexane and this solvent-extracted oil is
not as high quality as cold-pressed oil.
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Various methods are employed for extracting the neem oil from the neem kernels. These
range from simple to complex techniques depending on the resources available. Neem oil
extraction is done by mainly following three different types of technologies available are
mechanical pressing, steam pressure extraction and solvent extraction.
In India mechanical process is mainly used and recover 50-60% oil form the neem kernels.
Steps of the process: The steps involved are as follows
Collection of seed
Once the neem seeds are matured, seed are collected from orchards for this purpose,
generally the flouring of the ground neat & clean so that the kernels easily can be collected
without dirt and leaves.
Cleaning, drying and sorting of seeds
The collected ripe seeds are cleaned and remove the skin. After this the seeds are dried by
spreading in the sun light. Drying is reduced their moisture content and makes them very easy to
remove the outer skin. Other material like stones and dirt are removed by hand.
Oil extraction using the pressing machine
This method is one of the methods of oil processing. The seeds are placed in a tub or
container and the form of a press or screw is used to squeeze the seeds until the oil is extracted.
Mechanical extraction of neem seeds is done using hydraulic pressing equipment.
Steam pressure extraction
This method uses steam and high pressure to extract the oil. The neem seed (kernels) are
heated with steam and then squeezed under high pressure to increase the flow of oil. Most of the
oil is extracted from the kernels. After the steam treatment causes the seeds to swell, which
makes it easier to extract the oil from the kernels. The process of steaming takes place in a boiler
with increased pressure which extracts the oil from the kernels without any pressure.
Solvent Extraction
Seed Preparation


The seeds are cleaned and remove the dirt and other impurities and subsequently dried in
oven at 500C before the oil extraction so that the moisture content removed from seed.



The cleaned kernels are then ground using a mortar and pestle to obtain a fine mesh.



The ground sample is filtered through a very fine sized sieve to obtain a fine greenishbrown powder.
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Oil Extraction
After completing the seed preparation steps, oil is extracted from the ground seeds of neem.
Extraction involved the use of a Soxhlet extractor and extraction solvents. Soxhlet extraction is a
solid-liquid process commonly used to obtain oil from seeds and other plant components
(Evbuomwan et.al. 2015) (Fig.4.2).

Fig. (4.2) Soxhlet extraction apparatus
Conclusion
Neem tree have therapeutic properties and have been used traditionally since ancient
times around the world especially in the India. The whole plant can be used as a good source of
natural products and especially derived for its antioxidant properties, its role in treating and
preventing diseases is increasing worldwide due to its low side effects properties.
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Neem, Azadirachta indica A. Juss. (Meliaceae), is an evergreen, multipurpose tree native
to the Indian Sub-Continent and South-East Asian countries, where it has been traditionally used
for centuries. Despite the widespread use of neem, programs for the evaluation and improvement
of the genetic resources of the species were not had, until recently, not been carried out in a
systematic way, mainly because of seed storage and transport problems which placed a serious
constraint on seed collection and transfer. As a result, the genetic material presently used in
plantations is generally thought to have been originally chosen in a random manner, and their
genetic base is frequently likely to be very narrow, particularly in countries located outside the
natural range of the species. Neem decline is presently affecting many Sahelian countries; it is
likely to be caused by a number of interacting environmental and genetic factors (including
adverse effects of the narrow genetic base used, i.e. lack of genetic variation and subsequent
inbreeding), possibly aggravated by pathogens.
In the first Consultation on Neem Improvement, Bangkok, 18–22 January 1993,
participants from 20 countries, including the main countries of the natural range of the species,
agreed to undertake an international neem improvement programme. Pilot activities was
undertaken in a preliminary phase (1993–1994), to test and improve procedures for provenance
seed collection, handling and exchange for international trials. In 1993, a total of 23 provenances
were collected in India, Nepal, Pakistan, Sri Lanka and Thailand, and dispatched to 14
collaborators in 10 countries of Africa, Asia and Latin America. The Second Consultation on
Neem Improvement, held in Jodhpur (India), 28th February -4th March 1994, examined the
results of these pilot activities which confirmed that neem provenances can be successfully
collected and exchanged for international trials, provided optimal procedures for seed collection
and handling are carefully followed, and despatches to trial sites are quick and well coordinated.
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Based on these findings it was decided to undertake a full scale programme (“the International
neem Network”). The Network is coordinated by a panel formed by CIRAD-Forêt (France),
DANIDA Forest Seed Centre (DFSC, Denmark), FORTIP and FAO. Global coordination is
entrusted to FAO to facilitate inter-regional cooperation and exchanges of information and
genetic material (FAO, 1994).
In 1994 additional pilot collections were carried out in India, Myanmar, Senegal,
Bangladesh, Sri Lanka and Thailand. In addition, a regional training course on neem collection,
handling and despatch was held in Coimbatore in June 1994, organized within the framework of
the Network. Exploration, identification and documentation of seed sources are under way in
each country in the natural range and among landraces. The data on provenance/population
characteristics will eventually be transferred to a database. These data will be the basis for the
selection of seed sources to be included in subsequent international provenance trials. A meeting
of the coordinating panel is planned in December 1994 to elaborate the specific plan for seed
collection and distribution. Seed collection for the full scale international provenance trials will
take place in 1995 and trials will be established in 1996 according to an agreed “Trial
Establishment Manual”. The assessment of the international trials will also be done following
common procedures and schedules. In a further phase, ex situ conservation stands and seed
production stands will be established to ensure the availability of seed of improved genetic and
physiological quality, and to conserve some of the provenances which have performed well in
the international provenance trials (FAO, 1994)
Objectives and Methods
Breeding strategies differ considerably with the aims and objectives of the tree
improvement program. The neem can be bred for many purposes such as higher fruit yield and
other desired agronomic traits. The first category includes the uses as medicine, pesticides,
fungicides, nematicides, cosmetics, fodder and organic manure. The latter category includes
timber and fuelwood, agroforestry species, shelterbelts, avenue trees, drought and disease
resistance. Multiple stems that produce high biomass, high wood density, and large quantities of
fruit with high limonoid and oil content, should be the criteria for selecting provenances for fuel
wood production, charcoal, pharmaceutical and pesticide industries. For early establishment of a
plantation, especially in dry areas, provenances of neem that show high survival rate and fast
growth may be the best choice. In the long-term for utilization as timber, provenances that have a
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straight stem and more promising intraspecific hybrids could be among the selection criteria. For
agroforestry species, a narrow crown with deep-rooted habits; for shelterbelts, resistance to high
wind-run and persistent leaf habits; for avenue trees, a larger crown with evergreen features
could be selection criteria.
Net photosynthesis is also an important trait affecting yield. Leaf and leaf stomatal
characters, stomatal density, and total guard cell length per unit leaf area, as reliable indicators of
stomatal conductance, were suggested as important components for yield. Leaflet ratio, shoot:
root ratio, and leaf area could be easily measured traits in breeding for drought tolerant neem.
The strategy to improve several characters simultaneously depends on whether they are
controlled by a single major gene or groups of genes. If the characters are positively correlated,
improving of one character would improve the other and selection becomes efficient.
Independent characters could be selected successively or simultaneously. Strongly negatively
correlated traits should be carefully estimated, since improving one character always amounts to
lowering the level of other(s). To improve several characters simultaneously, index selection is
probably the best choice.
In neem breeding, most of the characters mentioned are probably quantitative in nature.
The recent studies indicate that seed diameter, leaflet ratio, and leaflet area were all independent.
These traits could be improved without having negative effects on other. In the preliminary
studies, no significant negatively correlated traits were observed. The economic traits of interest
in this species could be growth, straight bole, crown form, and seed oil, including limonoid
contents.
Breeding Methods
Hybridization
A natural hybrid (A. siamensis × A. indica) found in Thailand indicates that hybridization
among related species is possible and promising for further neem improvement. Natural or
artificial hybrids could be introduced both in long and short term breeding programs. When
breeding neem for biochemicals it may be advantageous to advance to the F2 generation and
select in the recombinant generation.
Polyploidy
The usefulness of polyploid and mutation breeding in neem are still questionable. Gene transfer
techniques could be useful for producing transgenic neem (Naina et al., 1989). Genes that
58

control drought tolerance and genes for high 'azadirachtin-A' contents could be usefully
exploited.
The establishment of seed production areas (SPO) from provenance trials is featured as
the most effective and time-efficient strategy for short-term neem improvement. For long-term
sustainable tree production as well as fruit yield, seed orchards (SO) are suggested.
Neem improvement requires understanding of the genetic nature of wild populations,
their development and utility of genetic variability. The effective exploration, identification,
documentation and use of genetic resources of neem are imperative for its efficient use. Breeding
neem for bioactive compounds or other multiple uses has not yet started systematically. A
program on provenance trials for the International Neem Network has initiated the evaluation
and improvement of genetic resources of the species in 1996, co-ordinated by the FAO (Anon
1998). Breeding objectives must be set on the basis of present and future needs. Thereafter,
short, medium, and long term breeding programs need to be established (Kundu and Luukkanen,
2003). Genetic diversity includes all levels of variation harboured by plants, from morphology,
physiology and biochemical to genes or to DNA sequences. Genetic variations of in neem have
been investigated using morphological, physiological and biochemical traits (Kundu and
Tigerstedt, 1997; Kundu et al., 1998; Kundu, 1999a; Kundu and Tigerstedt, 1999; Kundu, 2000).
Provenance variation
Growth chamber and field investigations were conducted on the materials involved in the
international provenance trials (Kundu and Tigerstedt, 1997; Kundu et al., 1998; Kundu, 2000).
Provenance variations in seed and plant traits were recognised in neem populations. Seed size,
plant height, collar diameter, leaf area, leaflet ratio, and shoot:root survival rate were important
and easily measured traits for an early evaluation of seed sources and indicated a potential for
selection and breeding.
Clonal variation
Clonal variation along a humidity gradient was observed in the growth chamber
experiment for shoot: root ratio, and number of leaves. Latitudinal clines were detected both in
the growth chamber for leaflet ratio, as well as for collar diameters and survival rates in the field
experiments. A regression analysis indicated a significant amount of variation for collar
diameters due to the effect of latitude. Significant correlations between leaf number and shoot:
root ratio with Mean Annual Rainfall (MAR) found indicated adaptation to water availability.
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These parameters were suggested for selection and breeding drought tolerance. The observed
clonal variations provide a guideline for transfer of seeds and plant materials.
Physiological yield parameters
Yield is determined by the interaction of many physiological and biochemical processes,
which could be manipulated through plant breeding and genetics. The higher dry matter
productions in some provenances in neem were probably the results of high stomatal density.
Nevertheless, the positive relationships between stomatal density or the total guard cell length
per unit leaf area on the one hand and net photosynthesis, stomatal conductance, leaf area and
whole-plant dry weight on the other hand, shed light on the possibility of using these
physiological characters as early selection criteria (Kundu and Tigerstedt, 1999).
Isozymes variation
Isozyme techniques have been widely used in plants as genetic markers for studying the
population structure and genetic diversity, and for identifying species or genotypes. They are
particularly useful for detecting genetic variation within and between populations, geographical
or ecological races, clines, phylogenetic relationships, pollen neighborhoods, estimating mating
system, and other genetic characteristics at the population level (Nevo, 1978; Hamrick et al.,
1979; Loveless, 1992; Muona, 1990). Recently, isozymes variations have been reported in neem
(Kundu 1999a). Allelic differences were clearly marked between the populations. The
Maletdehydrogenase (MDH-4) and 6-phosphogluconate dehydrogenase (6PGD-1) were
suggested as useful marker loci for identifying genotypes or provenances. The total genetic
diversity was high (HT = 0.57) in comparison with other forest trees.
Strategies for long-term breeding
Breeding strategies are normally evaluated in terms of genetic gain expected for traits of
importance, usually over a period of time. Expected gain could be utilised by a proposed
selection and propagation system. Several long-term breeding strategies are now available,
which are designed to retain sufficient genetic variability to counteract the risks of inbreeding in
future generations. In recent years, different strategies and methods have been proposed and used
to widen the genetic base of breeding populations for long-term breeding. The Multiple
Population Breeding Systems (MPBS) and Hierarchical Open Ended systems (HOPE) have been
suggested for breeding allogamous tree species (Namkoong, 1989). In the former, intensive
recurrent selection is practiced within multiple independent populations, to create broad
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differences among them in relation to their source germplasm, their traits and adaptibilities. The
latter case, HOPE, is maintained as a very large base population, which is open-ended as far as
receiving new materials is concerned. MPBS may be the better choice for neem because it is
better suited for combining the highest possible genetic gains and highest possible genetic
diversity. It also gives the breeders more options for shifting breeding goals with changing
environments and demand (Namkoong, 1989; Eriksson et al., 1993).
Tree breeders evaluate the genetic resources available for improvement, and select genes
of great utility and economic importance and package them in genotypes that can be used to
establish commercial plantations (Libby, 1973). Tree breeders also identify superior genotypes in
existing provenances and propagate them clonally to tap both additive and non-additive genetic
effects governing commercial traits. In the study of Kundu 1999b, the neem tree has been shown
to be an allogamous species. For long-term progress in neem breeding, a general flow chart may
be suggested (Fig. 1). The following major approaches may be included in a long-term
improvement program.
1. Introduction of provenances (40-50 trees/provenace)
2. Establishment of seed production areas (SPA)
3. Genetic testing and establishment of seed orchards (SO) include
a) Selection of plus trees in the provenances
b) Progeny testing of plus trees and
c) Establishment of seed orchards for long-terms genetic gains
4. Clonal strategies include
i) Clonal propagation for selected plus trees for large genetic gains
ii) Establishment of clone trials and clone banks
Conservation of genetic diversity
From the above long-term breeding population, short-term breeding populations (5-100
individuals) could be drawn, which are adapted to the local climate having the desired traits.
Some promising genotypes may be possible to select for clonal tests directly (Fig 1). The longterm and short term breeding populations will be maintained by continuous population
improvement, which would ensure a wide genetic base and long-term progress in neem breeding.
The essential features of this long-term breeding population are that the improvement will result
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from mild selection, which increases the frequency of desirable genes without the loss of neutral
genes.
Germplasm
The purpose of conserving plant genetic resources for food, agriculture and forestry is to
make these resources available for utilization in plant or tree improvement programs. The
improvement potential in tree productivity, quality characteristics, resistance to diseases and
pests, and adaptation to climatic and edaphic stress are all based on the existing genetic
variability. The existing genetic variability could be used to produce new gene combinations that
add to increased genetic diversity. More genetic variability is expected to occur in neem in its
natural distribution-range. This diversity needs to be assessed, including its southward extension
into drier parts of the peninsular and eastwards to the upper Irrawady valley in Myanmar (Arora
1993). Emphasis should be paid to the species diversity and intraspecific variability prevalent in
the natural range of A. indica, which is widely distributed, and the species A. siamensis, which is
more confined to Indo-China and Thailand. Ecogeographic survey and study of such regions may
lead to identification of more variable types and natural hybrids. A variant individual tree
showing narrow serrated leaflets has been identified and grown at the Arid Forest Research
Institute (AFRI), Jodhpur (India). Several Melia species possess a dwarf habit, short stem, wellbranched canopy, good flush etc. Such variability may need to be studied for its potential use.
Field gene banks (in situ) of representative diversity needed to be established, particularly
at the area of diversity. Some of these conservation areas should be kept free of human
interference to allow the plant populations to undergo evolution in line with environmental
changes. Other conservation areas may be managed to some extent to prevent their shrinking due
to competition from other species.
For ex situ conservation, sampling from the populations should maintain the maximum
level of genetic diversity. Studies have indicated enormous genetic variation in neem at the
species, population and individual levels. Germplasm conservation should concern all levels of
genetic diversity. Clinal variations in some traits suggest that germplasm sampling should get
more attention for populations along the latitudinal and humidity gradients.
It would appear best to integrate ex situ germplasm conservation into breeding programs through
the management of long-term breeding populations. This would help to reduce the cost and
promote the efficient use of available resources. Future research is needed on seed storage (both
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cryogenic and normal) to enable it to retain its viability for a longer period because neem seeds
are recalcitrant.
In-vitro propgation
Seeds of neem were inoculated in WPM (Wood Plant Medium) containing different
concentrations of gibberelic acid (GA3) (0, 3, 6, 9, and 12 mg L -1). After 30 days, cotyledons
were inoculated in WPM supplemented with 0.0; 1.0; 2.0 and 3.0 mg L-1 acid 2,4-phenoxyacetic
acid (2,4-D) and/or 0.0; 1.0; 2.0 and 3.0 mg L-1 6-benzylaminopurine (BAP). The cultures were
kept in the dark at 28oC. Differentiated calli were evaluated based on their coloration and texture,
and three subcultures were carried out on a monthly basis in WPM medium with 2.0 mg L-1
BAP, in the presence of light. Every 30 days, the number of differentiated shoot-buds was
evaluated. WPM medium lacking GA3 promoted the highest in vitro seed germination indexes.
Cotyledonary-derived explants cultured in WPM medium with 2.0 mg L-1 BAP yielded calli with
high morphogenic potential. When those calli were transferred to medium with similar
composition, a high shoot formation was achieved up to the third subculture (Rodrigues et al.,
2009)
Biotechnology
Randomly amplified polymorphic DNA (RAPD) analysis was employed to assess genetic
divergence among 29 neem accessions collected from two agro-ecological regions of India (11
agro-climatic sub-zones), which cover three states, Punjab, Haryana and Rajasthan. Out of 24,
10-mer random primers used for studying genetic divergence, 14 were polymorphic, generating a
total of 73 amplification products with an average of 5.21 products per polymorphic primer and
estimated gene diversity of 0.49. Genetic relationships among accessions were evaluated by
generating a similarity matrix based on Jaccard’s coefficient, ranging from 0.70 to 0.96. The
phenetic dendrogram generated by UPGMA analysis grouped accessions into five clusters.
RAPD performed within accessions (individual seedlings collected from the same mother plant)
showed no variation indicating homogeneous population within accessions. Primers OPA-18,
OPC-08 and OPI-03 were found most informative based on their resolving power. The degree of
genetic variation detected among the 29 accessions with RAPD analysis suggests that RAPD can
be used for studying genetic diversity in neem. The study also demonstrated that neem
germplasm collected from northwestern plains of India shows no eco-geographical isolation
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based on sub-zones because accessions collected from different sub-regions are grouping
together in the genetic tree(Deshwal, et al.2005).
Da Silva et al. (2013) evaluated the ,genetic diversity of 54 accessions from Germplasm
Bank (GBN) of Embrapa Coastal Tablelands (Sergipe, Brazil) using random amplified
polymorphic DNA (RAPD) markers. The accessions were analyzed using a model-based
Bayesian procedure (Structure), molecular variance analysis (AMOVA) and Jaccard coefficient
was estimated. The marker data indicated that GBN have three independent genetic groups,
confirmed by genetic structure and genetic variability, enabling the formulation of appropriate
strategies for management and use of GBN.
Genomic Study
Kuravadi et al. (2015) sequenced neem genomes and transcriptomes using next
generation sequencing technologies. Assembly of Illumina and 454 sequencing reads resulted in
267 Mb, which accounts for 70% of estimated size of neem genome. They predicted 44,495
genes in the neem genome, of which 32,278 genes were expressed in neem tissues. Neem
genome consists about 32.5% (87 Mb) of repetitive DNA elements. Neem tree is
phylogenetically related to citrus, Citrus sinensis. Comparative analysis anchored 62% (161 Mb)
of assembled neem genomic contigs onto citrus chromomes. Ultrahigh performance liquid
chromatography-mass spectrometry-selected reaction monitoring (UHPLC-MS/SRM) method
was used to quantify azadirachtin, nimbin, and salanin from neem tissues. Weighted Correlation
Network Analysis (WCGNA) of expressed genes and metabolites resulted in identification of
possible candidate genes involved in azadirachtin biosynthesis pathway
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Neem (Azadirachta indica) tree is an integral and valuable constituent of the Indian
ecosystem. This is spread on ~70-75% our country’s geographical area and a native to Indian
sub-continent. It is estimated that ~17 million neem tree is available in India (Ketkar, 1976), that
found alongside road, boundaries of field, around houses and temples, or in village centres. It has
a wide distribution i.e., Australia, throughout south and southeast Asia, Africa, central and south
American countries viz., Puer to Rica, Carribean and Virgin Islands (Radwanski, 1977; Ahmed
et al., 1989; Bosselmann, 1993; Ram Mohan and Nair, 1993). Neem tree has various medicinal
values and insecticidal properties due to which it has high repute. Some of uses out of many uses
are medicines, mosquito repellents, bio-pesticides, fertilizers, soaps, diabetic foods, lubricants,
agriculture implements, gums, tooth sticks, tooth paste, contraceptives etc. which is receiving
worldwide recognition for its variety of bio-active principles. It can be successfully grown in
wide-ranging climatic i.e., arid, semi-arid, wet tropical and sub-tropical climates. Neem tree is
vulnerable to extreme frostiness and water logging environments; however is high temperature
(upto 49oC) tolerant (Hegde, 1993). It performs well in hot and dry regions with low annual
rainfall of 500 mm or less even without irrigation and can be established well on poor, shallow,
stony or sandy soils.
Bundelkhand Region
The estimates suggest that for livelihood ~27% of our country’s population and for
grazing ~ 50 % of the country’s livestock population depends on forest. Out of total geographical
area of India 123.4 M ha (37.6%) is categorized as semi-arid climatic environment (Ajai et al.
2009). Bundelkhand region is located in the center of the country comprising 13 districts of
Uttar Pradesh (7) and Madhya Pradesh (6). The total forest area of Bundelkhand is 1.24 m ha,
about 17.62% of the total geographical area of the region. It falls under arid and semiarid
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ecosystem of India (Fig. 6.1). The forest area in Bundelkhand region of UP is 6.72% and that of
MP is 25.41% of the total geographic area (Fig. 6.2). It is endowed with hundreds of tree species
besides forest widely used by local communities for livelihood especially by poor people. Nearly
82 non-timber forest species of medicinal value are abundantly utilized for income generation in
Bundelkhand. For rural–tribal populations these natural resources are deliberated as the ‘treasure
trove’ of livelihood.

Fig. (6.1) Arid and semi-arid region of India
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Fig. (6.2) Semi-arid region of Bundelkhand, Central India
Plantation and management of neem
Neem is difficult to grow in pure stands (Benge, 1988) due to competitive nature.
However, since 1936 in Nigeria it has been grown as a plantation (Radwanski, 1977) to meet
local demand for firewood and timber. The pure neem stands development and management in
Saudi Arabia (Ahmed et al., 1989) and neem plantations site adaptation in Australia
(Bosselmann, 1993). Mixed plantation stands of neem with leguminous trees like Leucaena
leucocephala, Albizzia lebbeck and Acacia nilotica (Benge, 1988) and it will be benefitted from
legume trees nitrogen fixing abilities. Neem plantation management and its rotations are
governed by plantations raising objective (Bahuguna, 1997) as per need of products i.e., fuel,
timber or seeds (Parmar and Ketkar, 1993) recommended that ensuring one product need does
not jeopardise others. Bahuguna (1997) suggests that for a range of uses still we need to develop
appropriate silvicultural management practices. Some of the management strategies for timber
are felling at 35-40 years after planting (Hegde, 1993) and felling at 20 years after planting
(Vivekanandan, 1998). Similarly, for firewood are simple coppicing after 8 years (Benge, 1988)
and clear felling at 8-10 years (Benge, 1988). Likewise, for seeds are improved varieties and
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adequate moisture supply at fruit formation (Hegde, 1991) and for poles is coppicing on an 8
year rotation (Radwanski, 1977).
Neem and afforestation of degraded lands
In India a wide-ranging overview has been given about plantations of neem and its
use in afforestation (Chaturvedi, 1993). Its capability of drought and saline tolerance make it a
good candidate tree for land restoration, soil and moisture conservation (Tilander and Bonzi,
1997). The neem leaves can be used as fodder and income generation is done through sell of seed
and pesticidal products and these attributes also favour its plantation by marginalized people
besides restoring degraded lands. Soil salinity and sodicity are global problems since both
promote the physical, chemical and biological degradation of soil, jeopardising the productive
capacity of agricultural fields. The organic inputs, despite increasing the soil salinity and sodicity
in the interval between washing and cutting, stimulated biometric growth and biomass formation
in saline-sodic soil (Rodrigues et al., 2017)
Agroforestry
Under various agroforestry systems neem tree is the utmost perfect and successful tree.
This tree provides seeds, leaf and bark that farmers can convert into fertilizer for crops and
material for pest control and livestock medicine. Neem can be planted at anywhere space is
unoccupied like boundaries of farm/field, sides of road, banks of canal and river. “Neem
catalogue” is a publication that has information on neem germplasm of different Indian states
and their critically evaluated significant characters (Gupta et. al. 2011). Comprehending good
adaptableness in broader climatic and land situations in India and in world market neem products
economic potential, neem based agroforestry can be an alternative sustainable and remunerative
farming in semi-arid ecosystems of India.
Agroforestry is the integration of the woody perennials and annual crops on the same
piece of the land for obtaining improved production. In India, as per Dhyani et al. (2014) 25 M
ha are is under agroforestry that supports nearly fuel-woods half of the demand, small timbers
two third, plywood industry 70-80% wood, paper pulps 60% raw material and livestock’s 9-11%
of green fodder requirement.
Bundelkhand region is dominates the fragile agro-ecosystems therefore urgent attention is
required for maintaining the sustainability and productivity to enhance income for that a
paradigm shift is required. Hence, in this scenario agroforestry is an answer to address these
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issues of sustainability and food security in the region. Trees are known to conserve soil and
moisture and add to fertility besides offering provisioning, supporting, regulating and cultural
services to the society. In India, agroforestry is practiced in various ways like tree on field
boundary, block plantation; alley cropping, scattered trees in field, home gardens and homestead
gardens etc.
These Agroforestry systems are key to sustainability of farming enterprise in drought
prone Bundelkhand Region as they ensure food, fodder, fuel and timber. Minor forest produce
from these plants are source of nutrition. They support alternate livelihood system (gum & raisin,
honey, basket, mat broom making industry) and offer employment. They check land and water
degradation and combat climate change through higher carbon sequestration. Studies have shown
that Agroforestry has higher carbon sequestration potential than sole cropping. Research
evidences have shown that Agroforestry has higher potential to decrease run off & will loss as
compared to sole cropping. Tree component under Agroforestry system offers various
provisioning, regulating, supporting and cultural services. It helps to mediate microclimate which
is more prominent during summer and rainy season. They are better suited for organic farming
due to nutrient recycling through leaf litter decomposition and their ability to draw moisture and
nutrients from deeper soil layers. Land equivalent ratio of Agroforestry system is always higher
than sole cropping. Thus, Agroforestry land-use ensures efficient use of land for biomass
production.
Neem in Agro-forestry
In Agroforestry sub-mission of India neem tree is incorporated have exemption from
cutting and transportation regulations by the states as a result of National Agroforestry Policy.
Neem agroforestry supports tree cover, generates employment via industrial raw material, carbon
sequestration to strive changing climate (Singh, 2014). It has attributes of multi-use and multifunction that makes it is paramount ideotype tree for agroforestry (Gupta, 1994). Neem tree
integration in farming reduces the risk of failure of intercrops due to its ability to maintain
temperature water regulation and soil conservation especially in arid and semi-arid rainfed
ecosystems. Therefore, wider adaptability, multipurpose nature, alternate source of income to
farmers (Hegde, 1995) makes it suitable tree for agroforestry particularly to India that has a rich
heritage of neem tree and has started its rejuvenation (Bijalwan et al., 2017).
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In agroforestry systems Neem is considered a potential tree (Tilander, 1996), as it is a
good coppicer (Chaturvedi, 1993) and its use in intercropping and silvipastoral systems (Gill and
Roy, 1993). Neem is weedy in nature (Radwanski and Wickens, 1981) and considered as
naturalized or an environmental weed (Randall, 2002 and Richardson et al., 2004) like in Ghana
in farmers field it becoming invasive (Childs, 1999; Chamberlain, 2004), in Australia (Csurhes
and Edwards, 1998).
Intercropping with neem
The use of neem leaves as a mulch is among one of the species most important potential
uses. Neem tree leaves act as mulch that reduce loss of water and temperature of soil and
combined application of neem leaves mulch and compost increased sorghum yield (Tilander and
Bonzi, 1997). Neem is favoured for nutrient content and good leaf decomposition rate as
compared to other agroforestry species such as Leucaena leucocephala, Albizzia lebbeck and
Acacia holocericea. These conservation of moisture and increase of nutrient in soil attributes are
especially relevant to semi-arid areas where growth is often limited (Tilander and Bonzi, 1997).
In intercropping systems, the density of neem tree varies from 150 to 200 individuals/hectare
(Chaturvedi, 1993; Hegde, 1993; Vivekanandan, 1998).
IFGTB (Coimbatore, India) concluded that neem could be economically cultivated as an
agroforestry species. Neem was compared to Albizzia amara, Gliricidia maculata and
Eucalyptus tereticornis. Three month-old seedlings of all species were planted at a spacing of 5
m within rows and 12 m between rows to give an average of 160 trees per hectare. Agricultural
crops such as sorghum, black gram and groundnut were grown in the field as per traditional
practices. After three years there was no significant reduction in yield due to the introduction of
trees and the biomass of neem was greater than for other tree species. After five years, the
groundnut yield was reduced, but the smallest reduction occurred under neem. The Forest
College and Agriculture Research Institute of TNAU (Coimbatore, India) studied the interactions
of three and four year-old neem trees and four agricultural crops: cowpea, sesame, horsegram
and sorghum. Their research determined that cowpea was the most suitable crop for a neembased agroforestry system, showing the least reduction in yield (15% and 16% under three and
four year-old trees respectively) compared to pure agricultural crops. The studies also revealed
that under neem-based cropping systems available soil nutrients (N, P, K, Ca and Mg) were
higher than with pure agricultural crops (Palani, 1997).
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Vivekanandan (1998) described a successful agroforestry system from a village in
southern Tamil Nadu, India, whereby crops such as sorghum, cotton, millet, black gram, green
gram, coriander and sunflower are sown between the neem trees that feature prominently in all
farmers’ fields. Trees are randomly sown or naturally regenerate, hence spacing is irregular.
Farmers generally aim for about 86 trees per hectare as if the density is greater than this, not only
are ploughing affected, but there is also a risk of too much shade which reduces crop yields. To
facilitate farming and encourage growth, trees are pruned so that there are no branches or leaves
up to a height of about 3.5 m. Previously tamarind was a favoured tree in this region, but has
been largely replaced by neem over the last 30 years as neem competes less with annual crops.
Vivikanandan (1998) also reported that peerkai grows up neem trees with approximately 20-30
pods per plant being harvested annually.
Advantages of neem in agroforestry


Neem coppices well with low mortality and may become invasive on fallow
agricultural land. It provides a variety of products including mulch, fodder, shade,
medicines, pesticides, fertiliser, firewood, and timber.



Mulch – favourable decomposition rate, conserves soil moisture, improves soil
nutrient status, neem retains its leaves during dry periods.



Fodder – fodder availability increased.



Firewood – good source of fuel although somewhat smoky.



Timber – comparable in quality and durability to teak.



Suitable for the afforestation of degraded land.



Provides a source of income generation.

Farmers can increase production intensity and system stabilization with addition of tree
crops to the farm (Raintree, 1986) as agroforestry operates the favorable microclimate for
production. A well-designed windbreak protects from wind erosion to soil (Beets, 1990; Baumer,
1990). Neem improved red sandy acid soils in Nigeria and more nutrients were supplied to
understory crops (Radwanski, 1969). Windbreaks of neem increased ~20% millet yield that
planted around millet fields in Majjia Valley, Niger (Long and Persaud, 1988). Neem trees and
stands were established in this manner in Africa, India and Haiti individual (Maydall, 1990;
Benge, 1986; Sahni, 1998).
Neem Based Agroforestry
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North-eastern dry zone of Karnataka
The performance of neem based agroforestry system was studied by Doddabasawa
et al. (2020) under rainfed ecosystem on farmers’ fields on participatory mode in Yadagir
district in the North-eastern dry zone (Zone II) of Karnataka. Grain and biomass yields and
harvest index of pigeonpea did not vary significantly among the agroforestry systems.
However, significantly lower grain (1192 kg ha-1) and biomass (5563 kg ha -1) yields of
pigeonpea were recorded at 5 m distance away from the neem tree line (P=0.05) compared
to the distances of 10 m ( 1450 and 6942 kg ha -1, respectively) and 15 m (1449 and 6720 kg
ha-1, respectively) away from the tree line. Significantly higher grain yield (1520 kg ha -1)
was observed in control without any proximity of trees compared to the agroforestry
systems which accounted for a mean reduction of 11 per cent in yield. Among different
agroforestry systems, significantly higher tree height was recorded in bund planting (7.61m)
followed by boundary planting (7.38 m) and scattered planting (6.46 m) whereas the crown
spread recorded was significantly lower in bund planting (6.27 m) followed by scattered
planting (6.38 m) and boundary planting (6.68 m). There also existed non-significant
difference in girth, volume and biomass of neem trees grown in different agroforestry
systems. Further, the physicochemical properties of soil were found improved in
agroforestry systems compared to control and the trend varied among the different
agroforestry systems.
Tamilnadu
IFGTB (Coimbatore, India) concluded that neem could be economically cultivated as an
agroforestry species. Neem was compared to Albizzia amara, Gliricidia maculata and
Eucalyptus tereticornis. Three month-old seedlings of all species were planted at a spacing of 5
m within rows and 12 m between rows to give an average of 160 trees per hectare. Agricultural
crops such as sorghum, black gram and groundnut were grown in the field as per traditional
practices. After three years there was no significant reduction in yield due to the introduction of
trees and the biomass of neem was greater than for other tree species. After five years, the
groundnut yield was reduced, but the smallest reduction occurred under neem.
The Forest College and Agriculture Research Institute of TNAU (Coimbatore, India)
studied the interactions of three and four year-old neem trees and four agricultural crops:
cowpea, sesame, horsegram and sorghum. Their research determined that cowpea was the most
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suitable crop for a neem-based agroforestry system, showing the least reduction in yield (15%
and 16% under three and four year-old trees respectively) compared to pure agricultural crops.
The studies also revealed that under neem-based cropping systems available soil nutrients (N, P,
K, Ca and Mg) were higher than with pure agricultural crops (Palani, 1997).
Jhansi, Uttar Pradesh
Pandey et al. (2010)

studied tree-crop interface at National Research Centre for

Agroforestry, Jhansi in an 8-yearold neem (Azadirachta indica A. Juss) plantation to know
growth performance and productivity of neem and understorey crop black gram (Phaseolus
mungo). They observed that photo synthetically active radiation (PAR) was highly correlated
with vegetative growth and yield attributes of the crop. PAR decreased with increase in the age
of the trees and reduction was 58%, 61% and 84% in 1997, 1998 and 1999 respectively as
compared to 100% in the open. The reduction in grain yield was 60%, 71% and 80% in 1997,
1998 and 1999, respectively under the tree canopy which indicated that tree canopy management
of neem was required to enhance PAR and crop yield. Although crop yield under the tree canopy
decreased but the increased wood volume and fruit yield of neem trees gave higher economic
returns than reduced yield of under storey crop. Neem trees attained mean current annual
increment (CAI) of 65.04 cm for tree height, 2.07 cm for CD, 1.77 cm for DBH and 44.99 cm for
crown diameter during March 1998 to March 2000. The mean annual litter fall by neem trees
was 6059 kg ha-1 at the density of 400 trees ha-1 with potential return of 98, 2.25, 32 and 131 kg
ha-1 of available nitrogen, phosphorous, potassium and calcium.
Semi-arid and rainfed condition of Rajasthan
Analysis of variance for growth and morphological traits revealed that at the age of 2.5,
3.5, 4.5 and 5.5 years there was significant difference among the neem strains for growth
parameters viz. tree height, stem diameter and leaf biomass production. Canopy diameter at the
age of 2.5 and 3.5 was significant but at the age of 4.5 and 5.5 years it showed non-significant
difference. Most of promising strains gave higher growth rate as compared to local strain for
most of the parameters. On the basis of growth parameters observed during four years (2011-14)
strain-5 found best followed by strain-3. The average per year growth rate of strain-5, strain-3
and local strain for tree height was 1.43, 1.37 and 1.07 m for DBH 3.77, 3.90 and 3.10 cm for
leaf biomass production 18.6, 18.5 and 15.0 kg/tree, respectively.
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Morphological traits viz. number of primary branches and width of leaflet showed
significant difference, while leaf length, number of leaflet per leaf and leaflet length were not
significantly differed. The seed of best strains will be collected and supplied to Forest
Department for propagating through its nurseries. The fodder and grain yield of pearl millet and
clusterbean under different neem strains was not significantly different up to the age of 4 years,
while at the age of 5 years the fodder and grain both decreased significantly irrespective of neem
strains as compared to control (crops without neem trees). The reduction in productivity of crops
is believed to be due to shading effects. Clusterbean crop is highly sensitive to the shade as it
was severely affected by powdery/downy mildew disease under shade. On the other hand pearl
millet crop become highly vulnerable to bird damage due to dense neem plantation. Cultivation
of the pearl millet and clusterbean crops under neem tree is not economic after five years age of
neem trees with the plant geometry of 6x6 m. Clusterbean crop is highly sensitive to the shade as
compared to pearl millet (Meena et al., 2015).
Rainfed condition in North-Eastern Karnataka
The study was carried out by Honnayya et al. (2020) during 2018-19 to evaluate energy
efficiency and economic benefits of pigeonpea [Cajanus cajan (L.) Millsp.] – neem (Azadirachta
indica A. Juss.) based agroforestry system in under rainfed condition North-eastern part of
Karnataka, India. Among the directions, the energy use efficiency was non-significant. However,
significantly lower EUE recorded with closer to tree line (2.20) and was increased as one moved
away from the tree line and this was highest far away (3.31) from tree line. The gross returns
were the maximum (₹55583/- ha-1 year-1) with pigeonpea on southern side at a distance of 10.8
to 16.2 m other directions at similar distances were comparable, while those planted near the tree
line at < 5.4 m on the western side recorded the lowest gross returns (₹31029/- ha-1). Similar
were the trends in net returns and B: C. The net returns and B: C were the maximum (₹40166/ha-1 and 3.88, respectively) on southern side at 10.8 to 16.2 m, while those planted near the tree
line at < 5.4 m on the western side of the tree line recorded the lowest net returns and B: C
(₹15612/- ha-1 and 2.33, respectively). Sole crop of pigeonpea had gross and net returns and B: C
of ₹45259 and 29842/- ha-1 and 2.97 respectively. Interestingly the agroforestry system of
pigeonpea + neem with pigeonpea at > 10.8 m irrespective of direction of planting recorded
higher returns and B: C than sole pigeonpea. In all, the economics followed crop yield and
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economic returns obtained from the tree component. Crop at > 10.8 m distance from neem have
maximum EUE and economically profitable than sole crop.
Honnayya et al. (2020) was carried out an investigation to assess the directional and
spatial influence of bund planted neem trees on pigeonpea grown in association during 2018–19
in semi-arid tropics of Karnataka, India. At short distance from the tree lines, growth attributes of
pigeonpea were significantly reduced on western and eastern directions of North–South tree line
compared to northern and southern directions of East–West tree line, while significantly higher
number of pods per plant, seed yield per plant, seed yield and stalk yield (74.00, 24.80 g plant−1,
780 kg ha−1 and 1970 kg ha−1, respectively) were recorded in control without trees. The
magnitude of reduction followed southern–northern > eastern–western directions. However at
12.8–18.2 m from the tree lines, growth attributes were not different from control in any
direction. Further, significantly lower number of pods per plant (43.33), seed yield per plant
(14.36 g), seed yield (376 kg ha−1 ), stalk yield (1283 kg ha−1 ) and harvest index (0.23) were
recorded closer to the tree line (D1 -2–7.4 m distance), but increased and reached the highest
(70.94, 22.30, 761, 1921 kg ha−1 and 0.28, respectively) at 12.8–18.2 m away from tree line and
were comparable to control irrespective of directions of planting. Overall, at latitude 160 N it
was found that east–west tree planting had lower inhibitory interference on associated pigeonpea.
The performance of neem based agroforestry system was studied by Doddabasawa et al.
(2020) during 2016-17 under rainfed ecosystem on farmers’ fields on participatory mode in
Yadagir district in the North-eastern dry zone (Zone II) of Karnataka. Grain and biomass yields
and harvest index of pigeonpea did not vary significantly among the agroforestry systems.
However, significantly lower grain (1192 kg ha-1) and biomass (5563 kg ha-1) yields of
pigeonpea were recorded at 5 m distance away from the neem tree line (P=0.05) compared to the
distances of 10 m ( 1450 and 6942 kg ha-1, respectively) and 15 m (1449 and 6720 kg ha-1,
respectively) away from the tree line. Significantly higher grain yield (1520 kg ha-1) was
observed in control without any proximity of trees compared to the agroforestry systems which
accounted for a mean reduction of 11 per cent in yield. Among different agroforestry systems,
significantly higher tree height was recorded in bund planting (7.61m) followed by boundary
planting (7.38 m) and scattered planting (6.46 m) whereas the crown spread recorded was
significantly lower in bund planting (6.27 m) followed by scattered planting (6.38 m) and
boundary planting (6.68 m). There also existed non-significant difference in girth, volume and
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biomass of neem trees grown in different agroforestry systems. Further, the physicochemical
properties of soil were found improved in agroforestry systems compared to control and the trend
varied among the different agroforestry systems.
Study at Jhansi, Uttar Pradesh
Pandey et al. (2011) conducted study on tree-crop interface at National Research Centre
for Agroforestry, Jhansi in a 4-yearold neem (Azadirachta indica A. Juss) plantation to examine
growth performance and productivity of neem trees and associated understorey crop-gram (Cicer
arientinum) over two years. The availability of photosynthetically active radiation (PAR) was
highly correlated with vegetative growth and yield attributes of the crop. PAR decreased with
increase in the age of the trees as reduction was 33% in 1998 and 48% in 1999 as compared to
the open. The reduction in grain yield was 29% in 1998 and 40% in 1999 under the tree canopy
which suggested that canopy manipulation of neem was required to enhance crop yield. Soil
water and nutrients were not limiting factors for crop performance however crop growth and
yield was lowest near to the tree base. Although crop yields under the tree canopy decreased but
the increased wood volume and fruit yield of neem trees was more than reduced yield of
understorey crop in term of money. Neem trees attained mean current annual increment (CAI) of
55.19 cm for tree height, 2.06 cm for dbh and 58.73 cm for crown diameter. The mean annual
litter fall by neem trees was 2976 kg ha-1 at the density of 625 trees ha-1 with potential return of
50, 1.11, 13.18 and 58.33 kg ha-1 of available nitrogen, phosphorous, potassium and calcium,
respectively.
In central India Neem is observed to be grown with crop like sorghum, black gram,
wheat, chickpea etc. as multipurpose tree. Solanki et al. (1998) planted Neem on farm boundary
has observed no any harmful effect on wheat productivity, and only 4.1% effects have seen in the
production of wheat while Acacia nilotica and Dalbergia sisso retarded the wheat crop
significantly. Puri and Bangarwa (1992) observed that Neem tree reduces the competition for soil
moisture between the tree and crop. Pandey et al. (2010) studied eight year old Neem plantation
with understory crop black gram (Vigna mungo). Though black gram yield under the tree shade
reduced but there was increase in the wood volume and fruit yield of neem trees. But the overall
economic return for neem and black gram combination was higher. The study was conducted at
National Research Centre for Agroforestry, Jhansi.

78

In a study conducted by Faruk et al. (2008) performance of sunflower in Neem based
road side agroforestry system has been calculated and found that the productivity parameters
(Seed weight, seed yield, etc) of sunflower was not significantly affected by the interaction effect
among tree, cow dung and irrigation treatment combination. Sunflower with Neem and Melia
dubia was also studied/reported by (Panneer Selvem, 2003). He reported that sole sunflower
performance was better the sunflower with neem. Neem compared with favourably agroforestry
species such as Leucaena leucocephala, Albizzia lebbeck and Acacia species due to the high
nutrient content of the leaves and the appropriate decomposition rates. In the tropical plains the
agri-silvi-horticulture system of Neem is found in association of crop like groundnut, pearl
millet, cotton, sorghum, horsegram, mung bean, cowpea, and vegetables (Kumar, 1999).
Silvipastoral
In a silvipastoral system, neem can have favorable effects on the soil moisture
conservation and status of nutrients, and have provision of shade, fodder supply in the dry season
and medicines to animal. In India productivity of fodder increased upto 8.5 t/ha a semi-arid
silvipastoral system with inclusion of neem, along with other tree species (Gill and Roy, 1993).
In arid regions of India silvipastoral systems study reported that the inclusion of suitable grasses,
legumes and trees, including neem increased forage production from 0.05 to 3.6 tons per hectare
(Harsh et al., 1992).
The leaves of the multi-purpose tree Azadirachta indica (neem) are widely used as a dry
season fodder in India and other parts of Asia, however, neem seed cake has not proved
successful as a feed and its use is not recommended until further work on detoxification and
processing has been completed (Shukla & Desai,1988). Neem leaves are high in crude protein
(17.5% and 18.7%) (Bais et al., 2002; Bhowmik et al., 2008). Variation in crude protein content
has been observed by some workers e.g. Ramana et al. (2000) reported crude protein content of
neem leaves as 9.7% whereas Ogbuewu et al. (2011) reported a higher value of 20.9%. The
variation in crude protein values may be due to varietal differences in the neem plant. These
values are higher than the range of 10% to 15% given as the range of crude protein concentration
in leaves of non-leguminous fodder trees (Ganguli et al., 1964). Available reports indicate neem
leaves have low fibre content.
Neutral detergent fibre (NDF) and acid detergent fibre (ADF) levels of 38.0% and 27.0%
respectively have been reported (Ramana et al., 2000). Similarly, Bhowmik et al. (2008)
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reported a crude fibre level of 11.3% for neem leaves. These are low compared with NDF and
ADF ranges of 27.40 to 55.23 and 18.87 to 46.30 respectively for 15 tropical fodder trees
(Kumar and Sharma, 2003). Low fibre content of neem, coupled with the reported high nitrogen
free extract (NFE) level of 53.9% (Bhowmik et al. (2008) may make it an important source of
readily fermentable carbohydrates in ruminant feed.
Table (6.1) Mineral profile of neem leaves
Minerals

Value
Bhowmik

et Ansari et al. (2012)

al.( 2008)

Ngamsaeng

Niranjan

et al. (2006)

(2008)

et

al.

Macro-minerals (% DM)
Ca

1.48

0.71

1.47

1.53

P

0.11

0.28

0.12

0.25

Mg

1.26

0.75

0.40

-

Micro-minerals (ppm in DM)
Cu

5.24

34.0

8.90

Fe

-

745

566

Mn

30.4

60.0

23.5

Zn

47.7

18.0

-

Co

-

10.0

-

Cr

-

0.80

-

There are few reports on the mineral content of neem leaves. Some available data on
minerals reported in the literature are summarized in table (4.2). The content of calcium, which
ranges between 1.48 to 1.53 %, is similar to the value of 1.51% reported for sesbania leaves
(Ngamsaeng et al. 2006). Neem leaves are reported to be deficient in copper, manganese
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(Niranjan et al., 2008), zinc and phosphorus (Rao et al., 2011). Levels of minerals, especially
trace minerals, are expected to vary widely due to differences in the mineral content of the soil in
which the trees grow (Table 6.1).
Acceptability of Neem leaves by livestock
Neem biomass yield is estimated to be 0.35 tonnes per mature tree per annum (Panhwar,
2005) and 5 to 50 tonnes/ha (Girish and Shankara, 2008). Neem leaves can therefore be a
potentially valuable alternative feed resource for small holder ruminant producers. However,
there is a widely held perception that neem leaves are not accepted by ruminants (Nanang et al.,
1997) because of their bitter taste. Some reports indicate a contrary view. Leaves of the neem
tree are reported to be fed to ruminants in India and other parts of Asia during the dry season
(Shukla and Desai, 1988). The neem tree is listed among fodder trees in India (Singh, 1982) due
to its use in animal feeding. Neem leaves are reported to be palatable to sheep (Chandrawathani
et al., 2006) and goats (Seresinhe and Marapana, 2011).
Anti-nutritional factors in neem leaves
The presence of some anti-nutritional factors such as tannins, phenolic compounds and
oxalates have been identified in neem leaves (Table 6.2). The concentrations of these compounds
in neem leaves are similar to what have been reported for other ligneous fodder species. For
instance, tannin concentration in neem leaves is less than in Leucaena leucocephala and below
the level that will depress feed intake (Niranjan et al., 2008). Lignin level in neem leaves fall
within the range of 4.2 to 11.7 reported for Leucaena (Garcia et al., 1996).
The bitter taste in neem leaves is conferred by the presence of triterpenoids, particularly
azadirachtin. However, ruminants, especially goats are known to tolerate bitter taste due to their
ability to detoxify secondary plant compounds through allelochemical-type reactions that take
place within them (Lu, 1988). Azadirachtin concentration in neem leaves varies with season and
ecotypes (Dhaliwal et al., 2004). Less bitter varieties may thus be available that may be palatable
to other ruminants.
Improved performance of ruminants fed neem leaves may be partly attributable to the effects
of the bioactive compounds in the leaves on intestinal parasites. There is abundant literature on
the effect of neem leaves and extracts on intestinal worms (Chandrawathani et al., 2006; Tiwary
and Pandey, 2010). According to Chandrawathani et al. (2006) Haemonchus contortus appears
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particularly sensitive to the intake of fresh neem leaves by the animal. Improved performance on
neem leaves has also been reported for poultry (Sonaiya, 1993)
Table (6.2) Some anti-nutritional compounds identified in neem leaves
Anti-nutritional factors

Concentration (%)

Source

Condensed tannins

9.38

Ramana et al. (2000)

11.4

Ngamsaeng et al. (2006)

Crude saponins

2.80

Ngamsaeng et al. (2006)

Oxalate

0.63

Niranjan et al. (2008)

Lignin

10.2

Ramana et al. (2000)

Azadirachtin

0.024

Radhakrishnan et al. (2007)

0.002

Ghimeray et al. (2009)

6.53

Ramana et al. (2000)

Total phenolics
Source: Adjorlolo et al. (2016)

Initiatives at RLBCAU, Jhansi
Neem plantation was established during 2019 at RLBCAU, Jhansi that falls under semiarid ecosystem. The soil is very poor in its fertility and they are red gravelly sand. The spacing of
the neem plants was 8.0 m x 6.0 m with 208 trees/ha. The neem trees have been established very
well with almost 100% survival rate and have very good growth rate. The intercrops grown
under two year old plantation were leguminous in nature and these were: jackbean (Canavalia
ensiformis), favabean (Vicia faba), grass pea (Lathyrus sativus), lentil (Lens culinaris), chick pea
(Cicer arietinum)), field pea (Pisum sativus) and fenugreek (Trigonella foenum-graecum).
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Neem + Faba bean

Neem + Jackbean

Neem + Lathyrus

Neem + Chick pea

Neem + Methi

Neem + Field pea
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Neem + Lentil

Neem + Legume crops
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Introduction
Today, India has attained self-reliance in food-grain production and able to feed the
130 crores of population by itself not only these it has become the world’s second largest
producer of wheat and rice respectively; while largest exporter of rice during 2019-20 (USDA,
2019). This crop production has achieved by using high-yield varieties, pesticides and fertilizers,
as well as farm machinery and irrigation systems, a combination of intensification (increased
yields per unit area of land) and extensification (cultivation of more land), which increased the
cost of agriculture. Over the years, this resulted in several negative impacts related to ecological,
economic and existential aspects of agriculture. This includes declining soil fertility and food
diversity, increase in farmers' debt, dependence on agro-chemicals, and pest resistance.
Chemical-intensive agriculture also has a negative impact on both human and animal health.
According to recent WHO reports, over half of all foods contain naturally carcinogenic
chemicals (Prasad, 2016). However, intensification of agriculture had led to considerable adverse
environmental impacts, soil degradation, eutrophication of land and water bodies, greenhouse
gas (GHG) emissions and biodiversity losses (Evenson and Gollin, 2003; Canfield et al., 2010;
Smith et al., 2013; IAASTD, 2009; Pingali, 2012).
Climate change has already reduced food production in India by ~0.8% between 1974
and 2013. In India, only 16% of the land area for potential conversion is left for agriculture, and
much of it is unsuitable for farming (for example mountainous or urban) as of 2005, 48% of
India's land area is already lost. The annual cost of 2009 compared to 2001 was estimated at US$
5.35×109. The decrease in the population of rural areas has resulted in a decrease in agricultural
production, and it is projected to be ~12% up to 2050 (Smith et al., 2020). The combination of
intensification and expansion has, over the years, caused many negative effects on the ecological,
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economic and even survival of farming. These negative impacts have been widely considered
over the past few decades and as a result, the agriculture movement has begun to gain
momentum with the government passing its first policy on organic farming in 2005 (CSE,
2022).
However, conversion of conventional systems to organic agriculture can result in a
reduction in yield (Ponisio et al., 2015) and lower temporal yield stability (Knapp et al., 2018).
This will have obvious implications for food security and raises the question whether organic
farming can feed the world without expansion of croplands into natural ecosystems (Kirchmann
et al., 2008 and Röös et al., 2018). In addition, socio-economic impacts associated with
conventional farming may not be alleviated by organic farming in India. The involvement of
agribusiness companies in controlling the market for organic food, fertilisers, and seeds reduces
the potential socio-economic benefits of organic farming over conventional systems
(Bhattacharya, 2017). Along with becoming codified in regulatory and third-party certification
(Meek and Anderson, 2020), agribusiness in farming has favored larger farming enterprises,
often leaving smallholders disadvantaged due to access or cost (Panneerselvam et al., 2011).
Perhaps for all these reasons, over the past two decades, government action to enhance agroecological practices has been severely limited. This has been largely due to the limited consensus
among the scientific community in favor of organic farming and yield-only approaches to assess
this non-chemical farming practices. This has attributed to the limited evidence that had been
building up over the past two decades but failed to attract the attention of policy makers. As a
result, only 2.7 percent (3.8 million hectares) of the net sown area (140.1 million hectares) in
India is under organic and natural farming as part of various policies. This includes 0.41 million
hectares of natural farming (khurana and kumar, 2020).
In a recent change, the government has started talking publicly in favor of organic and
natural farming. Highlighting the ill-effects of chemical based farming, the Prime Minister
recently appealed to make natural farming a mass movement in the country (khurana et al.,
2022). It is promoted as ‘Bharatiya Prakritik Krishi Paddhati’ (BPKP) under the centrally
sponsored scheme Paramparagat Krishi Vikas Yojana (PKVY). BPKP aims at promoting
traditional indigenous practices— which are largely based on on-farm biomass recycling with an
emphasis on mulching and use of cow dung and urine formulations. It excludes all synthetic
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chemical inputs. Currently several states are undertaking Natural farming through central
programmes like RKVY, PKVY, BPKP and others state specific programmes.
Natural farming and its Principles
Natural Farming (NF) is a unique chemical-free farming method that is considered to be
agroecology-based diversified farming system, which integrates crops, trees and livestock,
allowing functional biodiversity (LVC, 2010; Rosset and Martinez-Torres, 2012). Natural
farming was established by Masanobu Fukuoka (1913–2008), a Japanese farmer and
philosopher, introduced in his1975 book “The One-Straw Revolution”. It is also referred to as
"the Fukuoka Method" or "The Natural Way of Farming" or "Do nothing Farming". The title
refers not to lack of effort, but to the avoidance of manufactured inputs and equipment. Natural
farming philosophy is working with nature to produce healthy food, to keep ourselves healthy,
and to keep the land healthy and distinguished from biodynamic agriculture. Fukuoka distilled
the

natural

farming

mindset

into

five

principles:

No tillage,

No fertilizer,

No pesticides or herbicides, No weeding and No pruning.
There are many working models of natural farming all over the world. The zero budget
natural farming (ZBNF) is the most popular model in India. This concept was pulled into the
light by Shri Subhash Palekar, for which he was honored with Padma Shri in 2016 (Khadse et.
al., 2017; Mishra, 2018; Niyogi, 2018; Economic Survey, 2019). Subhash Palekar’s Zero Budget
Natural Farming is a unique method of farming which requires absolutely no monetary
investment for purchase of key inputs like seeds, fertilizers and plant protection chemicals from
the market. The farmer can grow hardy local varieties of crops without application of fertilizers
and pesticides. Since it is budget zero farming no institutional credit would be required and
dependence on hired labour is also reduced to bare minimum. The Economic Survey (2019)
emphasized the importance of Zero Budget Natural Farming (ZBNF) as one of the alternative
farming practices for improving the farmers’ income, in the backdrop of declining fertilizer
response and farm. It also highlights that the main aim of ZBNF is elimination of agro-chemical
and to sustain agricultural production with eco-friendly processes in tune with nature. Through
ZBNF, soil fertility & soil organic matter is restored, less water is required, and it promotes
climate-friendly agriculture system.
Over six years of dedicated research, Palekar revealed that:
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1. Only, the dung from local, Indian cows is effective in the re-enrichment of the barren
soil. Dung from Jersey and Holstein cows is not as effective. If one is falling short of
dung from local cows, one may even use the dung from bullocks or buffaloes.
2. Dung and urine of the black colored Kapila cow is believed to be miraculous.
3. To get the most out of the cow dung and urine, ensure that the dung is as fresh as possible
and that the urine is as stale as possible.
4. An acre of land requires 10 kilograms of local cow dung per month. Since the average
cow gives 11 Kilograms of dung a day, dung from one cow can help fertilize 30 acres of
land per month.
5. Urine, jaggery and dicot flour can be used as additives.
6. The lesser milk the cow gives, the more beneficial its dung is towards reviving the soil
(Babu, 2008).
“ZBNF IS SELF-NOURISHING AND SYMBIOTIC IN NATURE.”-SUBASH PALEKAR
(PALEKAR, 2014)
Subhash Palekar’s Approach of ZBNF
ZBNF is based on 4 wheels/non-negotiable guidelines/principles or package of farming
practices that would increase soil health and crop yields at zero external inputs or costs (Table
7.1). These include: (i) Jiwamrita (life tonic); (ii) Bijamrita (seed protection tonic); (iii).
Acchadana (mulching) and (iv). Waaphasa (soil aeration/ moisture); (Palekar, 2005; 2006; 2016;
Devarinti, 2016; Bishnoi and Bhati, 2017). Jivamrita acts as a catalytic agent that enlivens the
soil, increasing microbial activity and organic matter. Jivamrita also helps to prevent fungal and
bacterial growth and increases earthworm activity. Bijamrita protects seedlings from seed or soil
borne diseases, as well as young roots from fungus. Acchadana enhances decomposition and
humus formation through the activity of the soil biota activated by jivamrita (Palekar, 2006).
Whapasa (moisture) is the condition in which there are both air molecules and water molecules
present in the soil. There are also a number of pest management measures such as neemastra,
agniastra and brahmastra – which are homemade preparations used for insect and pest control
(Palekar, 2005).
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Table (7.1) Basic Pillars of ZBNF
Methods

Preparation

Benefits

Jivamrita/

It is composed of the cow-dung

It provides nutrients, but most importantly,

Jeevamrutha

(20 kg), urine (5-10 l), jaggery

acts as a catalytic agent that promotes the

(20 kg) and puls flour (2 kg)

activity of microorganisms in the soil, as

Add a handful of soil from the

well as increases earthworm activity.

bund of the farm and is applied

Jeevamrutha also helps to prevent fungal

to the crops with each irrigation

and bacterial plant diseases. That

cycle OR directly to the crops.

Jeevamrutha is only needed for the first 3
years of the transition, after which the
system becomes self sustaining.

Bijamrita

It is basically made up of water

Bijamrita is a seed treatment, equipped in

(20l), cow

protecting young roots from fungus as well

dung (5kg), urine (5l), lime

as from soil-borne and seed-borne diseases

(50gm) and just
a handful of soil.
Acchadana-

It could be done by soil mulch,

It conserves soil moisture, by reducing

Mulching

straw mulch

evaporation

or live mulch
Whapasa –

The irrigation should be reduced

Palekar challenges the idea that plant roots

moisture

and

need a lot of water, in-fact, what roots

irrigation should be practiced

need is water vapour, and therefore,

only at noon,

Whapasa is the condition where there exist

in alternate furrows.

both air molecules and water molecules
present in the soil.

Source: Bishnoi and Bhati (2017)
Plant Protection in ZBNF
According to ZBNF-adopter farmers, when chemical fertilizers are applied to the crops,
the vegetative growth of the crop is very good and lush green. This attracts the insects/ pests to
the crops. While in case of Jeevamritha, the leaves colour is not that much green and therefore,
menace of pests is limited. However, when infestation occurs, the farmers prepare different types
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of formulations made up of locally available plant materials to control the pests. Some of these
are:


Brahmastra is prepared from five types of bitter leaves. Neem leaves are used along
with the other bitter tasting leaves, like custard apple, chillies, etc. Around 20-30 litres of
cow urine is used and is boiled for about 2-3 hours. The solution is cooled for about 12
hours and is filtered using fine cloths. The solution is further diluted with about 15 litres
of water for every 1 litre of Brahamastra. The farmers are using 10-20 litres of cow urine
and 5kg of neem leaves in preparing Brahmastra.



Agniastra is prepared by adding 5 kg of neem paste with around 1 kg of tobacco leaves,
0.5 kg of chillies and 0.5 kilo of garlic paste. These are added in about 25- 30 litres of
cow urine and is cooled down for about 24 hours. The solution is then filtered and used.
The solution is diluted before applying in the field for every half litre of Agniastra about
15 litres of water is added. Agniastra is considered to be effective against insects like like
Leaf Roller, Stem Borer, Fruit borer, Pod borer.



Neemastra is the most commonly used pest controlling solution which is prepared by the
farmers. Cow dung, cow urine, neem leaves, and water are used for preparing the
neemastra. The neem leaves are grinded into paste and added with water. The solution is
directly applied to plants without any further dilution. For this, 5 kg of neem paste is
added with around 2-3kg of dung, 10-20 litres of cow urine, handful of soil. The solution
is fermented for about 48 hours. It was found that the farmers are making the solution
ranging from 100-200 litres depending upon their usage and crops grown.
Zero Budget Natural Farming systems advocates adopting the so-called input substitution

approach remain intensive and highly specialized and not necessarily able to significantly
improve their sustainability. This would require system diversification and redesign of the
agroecosystem to increase the spatial and temporal diversification of all its components and
promote positive ecological relationships between them cultivation of diverse species of crops
depending on site specific agro climatic conditions. It is an important practice in ZBNF in which
there is a close association between the crops and trees growing on the farm. According to
Palekar this crop and tree association works well for the south Asian context.
Agroforestry is an agricultural approach based on the diversification of the
agroecosystem production components (woody perennials, such as trees or shrubs, plus crops
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and/or livestock) and on the intensification of the agroecological relationships between these
components (Ramanan and Arunachalam 2021). As such, it has transformative potential,
providing an opportunity for increasing the sustainability of organic farming.
Agroforestry for Zero Budget Natural Farming
As a result of green revolution Indian agriculture experienced a tremendous
growth especially in food grain production. Although the green revolution has been a huge
success, and India has achieved incredible food production, than to in the 2021 Global Hunger
Index (GHI), India ranks 101st out of the with a score of 27.5, India has a level of hunger that
is serious. As demonstrate in this report of GHI, that we now require not only food security but
also nutritional security, both of which can be obtained through a more diverse food system.
Agroforestry helps to facilitate this kind of system diversification. Agroforestry is an
agroecological approach based on the diversification of the agroecosystem production
components (trees/shrubs, crops and/or livestock) and on the intensification of the agroecological
relationships that exist between these components in space and time. Basically agroforestry is a
land use system that integrates trees, crops and animals in an approach that is scientifically
sound, ecologically desirable, practically feasible and socially suitable to the farmers (Nair,
1979; Nair, 1985).
Nature-based agriculture is a subset of sustainable agriculture that includes organic
farming, agroforestry, ecoagriculture, permaculture and biodynamic farming. Agroforestry is a
biodynamic and sustainable land management system of deliberately growing woody perennials
along with agricultural crops on farmlands to secure both tangible and intangible benefits to the
farmers (Verma et al., 2017). Depending on the fertility and depth of soil and moisture
availability, different tree species can be introduced. It is fundamentally believed that integrating
woody perennials in agricultural land will harness the ecosystem services provided by the
perennials and also sustainably increase the productivity of the farm (Anderson and Sinclair,
1993). Overall, it has the potential to restore degraded lands which is significant in the context of
the UN decade on Ecosystem Restoration (2021-2030) (Crossland et al., 2018).
Recently coined terminologies such as regenerative agriculture, ecological/organic
agriculture, climate-resilient agriculture etc. are indications of transformation from conventional
agriculture and intensive agriculture to a more holistic agroecological system. Among the many
connections and relevance of agroforestry to agroecology, Ramanan and Arunachalam (2021)
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emphasised that agroforestry is a futuristic land-use system that can be used for food, nutrition,
income, resilience, and regenerative agriculture. According to them, agroforestry can be
described in terms of its transformational characteristics, which are as follows:
Table (7.2) Transformational characteristics of Agroforestry
Features

Narrative

Intentional

In a typical agroforestry model, different components – crops, woody
perennials (trees) and/or animals are brought together in the same piece of
land. A typical agroforestry model intends to keep the interaction
positively because interaction can be positive or negative. So it is an
intentional manipulation

Intensive

Aimed at using land production potential intensively by incorporating
more components in the same piece of land yet more sustainably than
conventional agriculture

Intricate

Not all components can be brought together, so there need to be careful
choice and selection

Interaction

The components – crop, woody perennials (trees) and/or animals interact
with each other

Inclusive

Aims at inclusive approach for attaining sustainability

Inter- dependent

Even though, the components are inclusive and contribute beneficially,
yet the components are inter-dependent in most of the cases

Idealistic

Many studies have acknowledged agroforestry as a sustainable landuse
practice

Immeasurable

Proven to provide innumerable tangible and intangible benefits

Imitative

Some agroforestry models are more similar to a natural ecosystem

Impactful

Owing to both tangible and intangible benefits, the adoption of
agroforestry has created a huge impact on the livelihood of adopted
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farmers
Improvise

Over the period, the land under agroforestry practice is proven to be
nutrient-rich

compared

to

land

maintained

under

conventional

agroforestry practice
incomprehensible

The benefits of adoption and effective management of agroforestry are

Indefinite

infinite, indefinite and incomprehensible

Incomprehensive
Ingenious

This incredible landuse practice is ingenious and in many parts of the
world, there are traditional agroforestry practices. Recent agroforestry
models are the outcome of research based on inspiration from the
traditional practices to solve present-day issues

A natural solution based on agroforestry can help redefine, refine, and reform current
food systems in order to ensure food production sustainability and thus improve human
livelihoods. Agroforestry can be used as a future ecological tool to balance environmental
principles and various human needs for food, fuel, fodder, fibre, and fertiliser, as illustrated by
the above observations. Agroforestry is becoming increasingly popular but traditional ecological
knowledge and appreciation of the many uses and services of indigenous trees are dwindling in
rural societies around the world due to industrialization and the pursuit of greater profits (Pilar
Castro-Díez et al., 2021). Indigenous tree based agroforestry particularly important have been
contributing to the preservation of rural livelihoods through a wide range of products and
services. India is known for having a diverse range of such native plants that are both
traditionally used and have the potential to be commercialized, such as mahua, neem,
rhododendron, kachnar, moringa, gulmohar, palash, and others. Out of all these Neem is an
integral component of tropical thorn forests, dry deciduous forests, and tropical dry evergreen
forests. It establishes well even under severe biotic and edaphic conditions and is a hardy species
that can tolerate drought.
Potential of Neem based Agroforestry in Zero Budget Natural Farming
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Neem is occupying a novel place among the valuable plant for rural life as well as the
environment and economy of India. In India, Neem is also called ‘arista’ in Sanskrit- a word that
means ‘perfect, complete and imperishable’. The Sanskrit name ‘nimba’ comes from the term
‘nimbatisyasthyamdadati’ which means ‘to give good health’ (Sitasiwi et al., 2018; Lokanadhan
et al., 2012). Neem is recognized as a natural product which has much to offer in solving global
agricultural, environmental and public health problems. Researchers worldwide are now focusing
on the importance of neem in the agricultural industry. The magical tree and hundreds of its
active compounds are used to manufacture a number of products. Natural properties of neem do
not have any toxic reactions, so they are helpful in plant protection and management. All the
parts of neem like seed, flowers, bark, and leaf can be used to produce high quality product
(Lokanadhan et al., 2012).
During last three decades neem has been established as a multi-purpose tree that could be
used for agriculture, forestry, medicine and household purposes (Koul et al., 1990). Keeping the
multipurpose nature of neem tree as an adaptable tree species, this tree can be denoted as
“agroforestry tree of India” due to its wide adaptableness, manifold scope and moreover as an
alternate income source to the villagers/rural poor. Neem tree is also included in Agroforestry
sub-Mission of the country and has been exempted by the states from felling and transit
regulations as a sequel of having National Agroforestry Policy (Singh, 2014). Neem agroforestry
in India is an example of inclusive growth model, which integrates local – rural income
generating opportunities with the industry and has created multi- layer benefit strata:
employment and income of the poor, including farming community, substantial savings in
fertilizer use at the national level, and indirectly a positive impact on the environment. The
model provides a replicable template for such efforts in other global agriculture based economies
(Singh, 2014). Growing demand of industries has rejuvenated the neem based agroforestry
system in India, as India is rich in neem trees heritage (Bijalwan et al., 2017)
Utility of Neem products in Zero Budget Natural Farming
Neem is recognized as a natural product which has much to offer in solving global
agricultural, environmental and public health problems. Researchers worldwide are now focusing
on the importance of neem in the agricultural industry (Jose et al., 2020). The magical tree and
hundreds of its active compounds are used to manufacture a number of products. Natural
properties of neem do not have any toxic reactions, so they are helpful in plant protection and
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management. All the parts of neem like seed, flowers, bark, and leaf can be used to produce high
quality product. Products derived from neem tree act as powerful Insect Growth Regulators
(IGR) and also help in controlling several nematodes and fungi. Neem products reduce insect’s
growth in crops and plants. Neem products are used as neem insecticide, neem pesticide, neem
pest fumigant, neem fertilizer, neem manure, neem compost, neem urea coating agent and neem
soil conditioner.
Neem plants contain several thousands of chemical constituents of special interest are the
terpenoids from different parts of the neem plant of its biological constituents the most active
and well studied compound is Azadirachtin. However, in most traditional preparations of neem
as pesticide or medicine a mixture of neem chemicals are present and provide the active
principles.
Utility of Neem products in ZBNF-Neem as fertilizer and manure
The use of inorganic chemical fertilizers in agriculture has resulted in negative
consequences for the natural ecosystem. A large number of beneficial resources have been
destroyed, either directly or indirectly, in soil and atmosphere. Soil and water pollution have
been caused by the haphazard application of inorganic fertilisers, resulting in the loss of
beneficial microorganisms and populations in the soil. With the help of natural resources, natural
farming is gaining traction today. The organic and inorganic compounds in neem plant material
have been shown to improve soil quality and increase the quality and quantity of crops when
used as a fertilizer (Usharani et al., 2019). Neem seed cake acts as a soil enricher, reduces the
growth of soil pest and bacteria, provides macro nutrients essential for all plant growth, and
helps to increase the yield of plants in the long run, bio degradable and Eco friendly.
Manure is any animal or plant material used to fertilize land especially animal excreta for
improving the soil fertility and thus promoting plant growth (Tiwari, 2002; Singh et al., 2006).
Neem manure is gaining popularity because it is environmental friendly and also the compounds
found in it help to increase the nitrogen and phosphorous content in the soil. It is rich in sulphur,
potassium, calcium, nitrogen, etc (Adeoye et al., 2008). Neem cake is used to manufacture high
quality organic or natural manure, which does not have any adverse effect on plants, soil and
other living organisms. It can be obtained by using high technology extraction methods like cold
pressing or other solvent extraction. It can be used directly by mixing with the soil or it can be
blended with urea and other organic manure like farm yard manure and sea weed for best results.
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As stated by Gajalakshmi and Abbasi in 2004, Neem, a potent nematicide, was initially thought
to be unpalatable to annelids, but the earthworms devoured it, converting up to 7% of the feed
per day into vermicompost. Indeed, the worms in the neem-fed vermireactors grew and
reproduced more quickly than the worms in the reactors fed with mango leaf litter. The waste
remaining after extraction of the oil from neem seeds (neem seed cake) can be used as a
biofertilizer, providing the macronutrients essential for plant growth (Ramachandran et al., 2007;
Lokanadhan et al., 2012).
Utility of Neem products in ZBNF-Neem as Soil Conditioner
Neem is a natural excellent soil conditioner that helps improve the quality of soil, thereby
enhancing the growth of plants and fruits. It not only helps the plants grow, but also prevents
them from being destroyed by certain pests and insects. Neem seed granules or powdered seeds
are used to manufacture the soil conditioner. It can be applied during sowing of plants or can be
sprinkled and raked into the soil. The process of sprinkling should be followed by proper
irrigation so that the product reaches the roots. It is a natural soil conditioner that helps improve
the quality of soil, thereby enhancing the growth of plants and fruits. Organic soil conditioner is
gaining popularity in agricultural industry, not only in Asian countries like India but also in
western counterparts such as USA, UK and Australia (Lokanadhan et al., 2012). Organic soil
conditioner is gaining popularity in agricultural industry. Because they are organic, they have no
harmful effects and are cheaper than the other soil conditioners. This natural soil conditioner is
also multi-functional and in the sub tropical regions. Neem soil conditioner application in
plantation crops is known to be a soil enhancer that helps to increase its fertility.
Utility of Neem products in ZBNF-Neem as fumigant
Neem is an ideal organic pest control for plant protection in natural farming, which
naturally protects the crop according to the principles of natural farming. If we give preference to
neem on agroforestry/farm boundary, then the pest control benefits from neem can be easily
obtained. According to studies undertaken, neem fumigant helps to protect stored rice grains
from pests. This natural fumigant not only kills pests but also affects them negatively by acting
as feeding and oviposition deterrence, mating disruption, inhibition of growth etc. (Benelli et al.,
2015) One of the major benefits of this organic fumigant is that pests do not develop resistance
to it (Grace, 1991). Neem fumigants are eco-friendly, do not harm other micro-organisms, are
non-toxic, and do not contaminate terrestrial and aquatic environment. Pests do not develop
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resistance to it, there are no negative effects, relatively less expensive, pest repellent and nourish
the soil and function as pest reproduction controller.
Utility of Neem products in ZBNF-Neem as insecticide and pesticide
Neem is a key ingredient in Agniastra, Bramastra, and Neemastra, all of which are
natural plant protection products in the ZBNF. Neem pesticides are generally water soluble and
help in the growth of the plants. It acts as pest repellent and pest reproduction controller. Neem
insecticides are used to protect both food as well as cash crops like rice, pulses, cotton, oils
seeds, etc. Great for use on all crops, trees, plants, flowers, fruits and vegetable round the home
as well as organic and commercial growers. Active ingredient Azadirachtin, found in neem tree,
acts as an insect repellent and insect feeding inhibitor, thereby protecting the plants. This
ingredient belongs to an organic molecule class called tetranortriterpenoids. It is similar in
structure to insect hormones called “ecdysones,” which control the process of metamorphosis as
the insects as the insects pass from larva to pupa to adult stage ((Mondal and Chakraborty, 2016).
It is interesting to note that neem doesn’t kill insects, but alters their life process. The major
parts/extracts of neem seed that are used for making neem insecticides (Table 7.3).
Table (7.3) Trace element composition of neem seed

Source: Okoye et al. (2010)
Neem oil or the neem seed oil is extensively used to manufacture insecticides used for
different crops (Table 7.4). Neem oil enters the system of the pests and obstructs their proper
working. Insects do not eat, mate and lay eggs resulting in the breaking of their life cycle.
Another interesting function of neem oil pesticides is that they do not harm the beneficial insects.
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The neem oil insecticides only target the chewing and sucking insects. Neem acts as a
biopesticide at different levels and in various ways. Primarily it acts as antifeedant i.e., when an
insect larva is hungry and it wants to feed on the leaf but if the leaf is treated with neem product,
because of the presence of azadirachtin, salaninand melandriol there is an antiperistalitic wave in
the alimentary canal and this produces something similar to vomiting sensation in the insect.
Because of this sensation the insect does not feed on the neem treated surface and ability to
swallow is also blocked. Secondly it acts as oviposition deterrent i.e., by not allowing the female
to deposits eggs comes in very handy when the seeds in storage are coated with neem kernel
powder and/or neem oil. It also acts as insect growth regulator. It is a very interesting property of
neem product and unique in nature, i.e., it works on juvenile harmonennn (Lokanadhan et al.,
2012).
Table (7.4) Recent research on neem essential oil for pesticidal potential in different
agricultural crops
Crop

Pathogen/Disease

Treatment

Reference

Mango

Powdery Mildew and

Neem oil (1%)

Ismail, 2016

Rodrigues et al., 2015

Mango Malformation
Cowpea

Spodoptera eridania

Neem oil (0.35% and

(Brazil)

(southern armyworm)

0.7%)

Brinjal

Shoot and fruit borer

Neem oil

Singh and Sachan, 2015

Cowpea

Maruka vitrata

Multinucleopolyhedroviru

Sokame et al., 2015

s+neem oil
Kinnow

Penicillium digitatum and

Neem essential oil

Jhalegar et al., 2015

mandarin

P. italicum

Cultivated

Helicoverpa armigere

Neem oil

Ahmad et al., 2015

Cotton pest

Beauveria bassiana +

Togbe et al., 2015

crops
Cotton

neem oil
Cabbage

Cabbage aphid

Neem oil (1%)

Pissinati and Ventura,
2015

Okra

Whitefly

Mineral oil+Neem oil

Sridharan et al., 2015

Western

Zootermopsis

Neem oil

Fatima and Morrell,
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white pine

augusticollis (Dampwood

2015

termite)
Cashew

Toxoptera odinae

Neem oil

Ambethgar, 2015b

Monilinia fructicola

Neem oil

Lalancette and

trees
Stone fruit

McFarland, 2015
Watermelon Aphis gossypii

Neem oil

Souza et al., 2015

Coconut

Neem oil (3%)

Balaji and Hariprasad,

Aceria guerreronis

2015
Jasminum

Eriophid mite

Neem oil 30 ml/l

Devi et al., 2015

Tomato

White fly and Leaf minor

Neem oil

Chavan et al., 2015

Cashew

Ferrisia virgata

Neem oil

Ambethgar, 2015a

Okra

Bemisia tabaci

Neem oil

Kumar et al., 2015

Tomato

Tuta absoluta

Neem seed oil

Salem and Abdel-

auriculatum

Moniem, 2015
Phaseolus

Bemisia tabaci

Neem oil

vulgaris

de Almeida Marques et
al., 2015

Conclusion
As a result of green revolution Indian agriculture experienced a tremendous
growth especially in food grain production. This crop production has achieved by using highyield varieties, pesticides and fertilizers, as well as farm machinery and irrigation systems, a
combination of and extensification. Chemical-intensive agriculture has a negative impact on both
human and animal health. There is a need of cost effective, biodegradable, potential, ecofriendly
and safe sustainable agricultural products alternating to the chemical fertilizers and pesticides.
Organic or Natural farming is a unique chemical-free farming method that is considered to be
agroecology-based diversified farming system, which integrates crops, trees and livestock,
allowing functional biodiversity. There are many working models of natural farming all over the
world. The zero budget natural farming (ZBNF) is the most popular model in India.
Although the green revolution has been a huge success, and India has achieved incredible
food production, than to in the 2021 Global Hunger Index, India ranks 101st out of the with a
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score of 27.5, India has a level of hunger that is serious. As demonstrate in this report of GHI,
that we now require not only food security but also nutritional security, both of which can be
obtained through a more diverse food system. Agroforestry helps to facilitate this kind of system
diversification. Agroforestry is an agroecological approach based on the diversification of the
agroecosystem production components (trees/shrubs, crops and/or livestock) and on the
intensification of the agroecological relationships that exist between these components in space
and time. Neem agroforestry in India is an example of inclusive growth model, which integrates
local – rural income generating opportunities with the industry and has created multi- layer
benefit strata: employment and income of the poor, including farming community, substantial
savings in fertilizer use at the national level, and indirectly a positive impact on the environment.
Neem acts as the most reliable source of pro-pesticide having no adverse effect on human and
animals. Thus, neem based products play a crucial role in organic and Natural Farming.
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India is witnessing a major change in infrastructure development vis-a-vis the
transportation network of the country; viz., the National Highways and State Highways. Various
highway improvement projects are being undertaken by different State Governments and
Government of India. Implementation of National Highway Development Project (NHDP) is the
major step in this direction. There is always a conflict between development and environment
and, therefore, a necessary balance between two is necessary. The first adverse consequence of
widening, from environmental point of view, is the inevitable felling of trees growing along the
highways. On the hill sides and other fragile environmental settings, much more adverse impacts
are expected on the surroundings. It is the responsibility of the road agencies to offset the loss of
trees and other changes resulted into the surroundings. There is a need to follow the approach of
"Corridor Development & Management", rather than "Highway Development". Apart from
mitigating the environmental losses, road agencies must plan to enhance the aesthetics of the
highway corridor from all possible angles. Highways should not be looked upon merely as a
means of transportation, but as a part and parcel of the environmental and socio-economic wellbeing. Tree plantation is the most effective, economical and useful remedy for control of
environmental pollution. Besides, it is the cheapest way of landscape improvement. Trees have
innumerable direct and indirect benefits of supplying timber and fuel at maturity. During their
life time, they supply fodder, fruits, seeds, help in controlling soil erosion and water
conservation, offer shade and are oxygen producing industries to combat ever increasing air
pollution. Big foliage trees also help in reducing noise and dust pollution.
Objectives of Tree Plantations
The main objectives of planting along the Highways are as follows:
•

To provide for aesthetic enhancement of the project corridors
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•

To reduce the impacts of air pollution and dust, as trees and shrubs are known to be
natural sink for air pollutants.

•

To provide much needed shade on glaring hot roads during summer.

•

To reduce the impact of ever increasing noise pollution caused due to increase in
number of vehicles.

•

To check the soil erosion at the embankment slopes.

•

Prevention of glare from the headlight of incoming vehicles.

•

Climatic amelioration,

•

Moderating the effect of wind and incoming radiation

•

To define the ROW (Right of Way) especially, to highlight sharp horizontal curves
during night

Selection of Tree Species for Landscaping
Trees have been used to enhance the soft natural ambience against harsh elements in most
of the enhancement schemes. The planting species are decided based on the physical growth
characteristics of trees, like form and shape, foliage pattern, growth rate, branching pattern, soil
characteristics and conditions of the strip like water logged areas etc. While selecting the species
of trees for landscaping, great care should be taken to choose the species, which already exist
along the project corridor.
The selection of plant types and planting arrangement should be based on the following
considerations:
•

Aim and objective of plantation

•

Shape (spread of the tree) and size

•

Texture and colour of foliage/flower/fruits in different seasons and stages of growth.

•

Adaptability and suitability to agro-climatic regions/zones

•

Growth rate (slow/fast) average age of maturity and replacement cycle

•

After-care and maintenance required for sustenance and growth

•

Economic and other social/recreational benefits

•

Drawbacks and demerits, if any, like prone to insects/pests disease, animal grazing
and human interference.
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Screening
•

Plantation of pollution resistant dwarf shrub species in the median to prevent glare
from the vehicles moving in opposite direction during night.

•

A mix of medium and large trees along roadside to screen the evening glare for the
traffic moving towards west-northwest.

•

Screen plantation as a visual barrier in schools, hospitals, residential colonies, etc.

Aesthetics
•

Provision of flowering trees in the urban sections and major crossings

•

Provision of flowering shrubs in the median

•

Softening of vertical surfaces of the retaining walls of grade separators and raised
sections of the carriageway by climbers.

Shade
•

One of the main objectives of Roadside Avenue is to provide shade. Large and
spreading shade trees, with thick foliage are proposed to provide much needed shade
on glaring, hot roads during summer.

•

Evergreen trees do not have substantial leaf fall, which avoid the nuisance of clogging
of lined drains.

Other considerations
•

Trees along the embankment slopes and near major water bodies play a major role in
the control of erosion. Similarly, green cover in the form of turfing stabilizes steep
slopes and high embankments.

Planting design
Different tree planting designs can be applied depending on the intended purpose of the
neem plantation as well as the availability of space. Randhawa and Mukhopadhyay (1986) have
recommended that only one species of trees should be planted for a long distance of the road.
This is because this setting is more beautiful, gives a wavy appearance to the skyline, and makes
the management and gap-filling of the trees easier. The same authors report that trees should be
planted 12 m apart in the row and at least 5-6 m away from the edge of the road so that they have
enough space to spread and not interfere with the traffic. If a road is as wide as 30 m or more,
double rows of trees should be planted, with rows spaced 10-12 m apart.
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Types of road Avenues
The different types of roadside tree planting designs are avenue plantations, greenbelt
plantations, and vegetative roadside barriers, as described in the subsequent sections.
1. Planting along avenues (avenue plantation)
Avenue plantation involves a straight path or road with a line of trees or large shrubs
running along each side. It helps in minimizing dust loads, gaseous pollutants, and noise
pollution from traffic. Evergreen and deciduous trees are effective in minimizing air pollution by
filtering, intercepting, and effectively absorbing pollutants for environmental improvement.
Neem is one of the best option for arid and semi-arid region for planting along roads (Table 8.1).
2. Greenbelt plantation
Greenbelt plantations are made up of species of trees and shrubs selected to reduce the
effect of pollutants. Neem is one of the best native species for planting in tropical and subtropical areas of India. According to Pokhriyal and Nautiyal (1991), the use of a green belt
resulted in a 27% reduction of dust particles in London (Hyde Park). Maher et al. (2013)
reported that more than 50% of particulate matter is reduced by roadside tree planting and even
more if the leaves are hairy. Characteristics of tree species for greenbelt plantation are
 Tree should be fast growing and tall in height
 Species should be native to area and have wide canopy
 The planting should be in suitable rows around the site to avoid lateral pollution
dispersion
 The trees should maintain local ecological balance and conform to soil and hydrological
conditions
3. Roadside vegetative barriers
The general guidance for row plantings is to plant larger trees at 3 to 5 m apart, larger
shrubs at 2.5 to 4 m apart, and smaller shrubs at 1.5 to 2.5 m apart. Single-row plantings should
only be used on higher-value land and where space is limited. When possible, it is preferable to
have plantings of two to four rows to protect a larger area. One- and two-row plantings are costeffective options but require a uniform and high survival rate. Rathore et al. (2018) found that
the highest APTI (Air pollution tolerance index) was recorded in Eucalyptus sp., followed by
Mangifera indica (Mango), Azadirachta indica (Neem), Ficus religiosa (Peepal) and Nerium
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indicum (Kaner). They suggested that for roadside plantation and polluted areas these species can
be used to trap the air pollutants to an extent.
Road Safety

Safety is the main concern for highways and streets, thus an important factor to
contemplate when designing roadside plantations is road safety. Trees can cause accidents, and
special mitigation measures are necessary at certain speeds to avoid those (Perez et al., 2016).
Trees near the road can present a fixed object hazard. Branches of trees can obscure or
limit a driver’s view of traffic control devices, approaching vehicles, wildlife and livestock, and
pedestrians and bicycles. Lower branches and drooping branches of tree should be pruned from
time to time.
Table (8.1). Shade Trees Recommended for Roadside Avenues
Soil

Local Name

Scientific name

Alkaline

Neem

Azadirachta indica [ at pH up to 8.5]

Karanj

Pongamia pinnata [ upto 9.0 pH]

Peepal

Ficus religiosa

Raker

Ficus infectoria

Shisam

Dalbergia sissoo

Botanical description

Azadirachta indica commonly known as neem, neem tree, Indian-lilac, margosa, nimtree
and margosier. The neem tree is native to the seasonally dry, tropical woodlands of north-east
India and perhaps parts of Asia. Neem is a member of the Meliaceae family. Neem is fastgrowing tree, generally 15–20 m tall (sometimes up to 40 m tall), with a crown diameter up to 20
m. Neem is evergreen but can shed most of its leaves under dry conditions. The compound
(pinnate) leaves are alternate, 20–40 cm long, with 20–30 dark green, serrated leaflets, each
about 3–8 cm long. The terminal leaflet is often absent. Young leaves are reddish to purplish in
colour. Petioles are 70–90 mm long. The bark is deeply fissured. Flowers are cream coloured,
perfumed and arranged in axillary clusters (each cluster is called an inflorescence). Each
inflorescence is 15–25 cm long and comprises 150–250 individual flowers. Each flower is about
1 cm in diameter with five petals, ten stamens and one style. Neem has a strong root system with
a deep tap root and extensive lateral roots.
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Concept of Plantation in Different Area
Medium sized, quick growing, drought resistant Tree of good size and stately presence,
ideally suited as an avenue tree. In summer months it is in thick leaf giving excellent shade.
Stands a dry climate, but not suitable for water-logged and frost susceptible areas. Yields good
timber
Landscape treatment for special areas
Suitability of Neem as road side plantation
Special attentions are paid while dealing with landscape treatment of roads passing
through industrialized belts, water-logged areas, sandy/desert tracts, forest areas and coastal
regions are dealt with in this Section. Neem may be considered a very suitable plant for road
Side Avenue in following area:
Landscaping Treatment of Neem Planting as Noise Receptors
All along the highway corridor certain sensitive receptors for noise should be identified,
like the Schools, residential colonies and Hospitals. Special treatment should be given to all these
sites in terms of landscaping and planting. A lot depends on the space available for providing
noise barriers. Within the limitations of the available space, physical noise barriers and
plantations can be combined to reduce the noise levels considerably. At these sites the first row
should be of tall shrub of 1.5-3 m height with dense foliage for the purpose of maximum possible
screening effect. In such noise prone area neem fits well. It can be planted in single row in alone
or in combination of other hardy tree species like Mango (Mangifera Indica), Shisham
(Dalbergia Sisso), Imli (Tamarindus indica), and Karanj (Pongamia sp.). The intermediate rows
may have flowering trees like Amaltas, Gulmohar, Kachnar etc. As far as possible, three rows of
plantation may be planted for reducing the noise levels.
Neem as Landscape Treatment in Desert Areas
In sandy areas, only such species of vegetation are recommended which have the least
water requirement and are of succulent and spring type with thinner leaves. As far as possible,
local plants should be preferred from the angle of easier maintenance and bringing up. Besides
beautification, one of the functions of vegetation in desert areas is to act as a barrier against
shifting sand. Where it is not possible to grow plants for this purpose all along the road, effort
should be to develop at least smaller pockets at intervals which could also act as rest areas. Such
rest areas in the desert will be able to provide considerable relief to road users in intense heat.
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Landscape Treatment in Forest Areas
As far as possible, no new road should be aligned through the forest. Only under
unavoidable circumstances, a road may be planned with restricted Cutting of trees should be
avoided, as far as possible. But wherever road passes through animal corridor, it may be
ascertained that there is minimum disturbance to the forest and the animal life. In such area,
neem may find place owing to its better survival, fair growth in early stage of plantation.
Global acceptance of neem tree as road side avenue
Acceptance of neem due to its multiple uses bewitching beauty of willowing leaves have
been deeply felt by a number of people. Following feature of the neem tree make its one of the
most suitable tree for landscaping:
1) Wild in the dry forests of the Deccan and Karnataka and dry forests of Myanmar and SriLanka.
2) Fruits relished by birds and hence get dispersed widely.
3) Hardy tree and stand tolerate salinity and drought.
4) In drier regions the tree attains a much larger size than in humid areas.
5) It is one of the best of Indian trees, because of its valuable medicinal properties. Plants
have tremendous medicinal properties.
6) It has also been promoted for biological pest and disease control.
7) An evergreen tree.
8) Traditionally valued for antiseptic resin, toothpastes, soaps and lotions.
9) Leaves and fruit used as a vermifuge.
10) Important bee flora.
11) Excellent avenue tree.
12) Wood used in carving, cigar boxes and cup boards.
13) Does best in hot and dry regions.
14) This plant is the symbol for uttarabhadrpada nakshatra.
Climatic requirement
Neem is adapted to subarid and subhumid areas with tropical and subtropical climates at
altitudes between sea level and 700 m. Mean annual temperatures within its natural range are
typically 21–32 ˚C (preferred temperature range of around 9.5–37 ˚C) (Stoney, 1997). Neem can
tolerate high summer temperatures (up to 50 ˚C) but does not tolerate frost or temperatures
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below 4 ˚C (leaf fall and death may result). Neem grows best in areas where annual rainfall is
450–1200 mm (with optimum growth where annual rainfall is around 1100 mm), but can tolerate
annual rainfall as low as 150 mm if its roots can access ground water within 9–12 m of the
ground surface (Stoney 1997). Once established it is very drought tolerant and can survive 7–8
month dry seasons.
Preferred soil and vegetation types
Neem has a reputation for surviving in harsh, dry, infertile soils and can certainly survive
in a range of soil types, including sandy, rocky and very dry sites. However, it is perhaps best
adapted to deep, permeable, sandy soils. Its extensive, deep root system is presumably an
adaptation to seasonally dry sites. Neem does not tolerate seasonally or permanently waterlogged
(poorly drained) soils such as low-lying silty clays and clays, or saline soils or sites where subsurface hard-pan or laterite outcrops occur (NRC, 1992). It prefers a soil pH of 6.2–7.0, but can
grow within a range of 5.0–8.0 pH (Stoney, 1997).
Pit digging

Planting holes should be dug before the onset of rainy season if possible. Pits of size 60
cm x 60 cm are prepared at proper distance. The dimensions of the hole will depend on the size
of the seedling. The planting hole softens the soil so that the roots of the tree can easily
penetrate; loose soil can catch and contain more moisture.
Irrigation

Trees perpetually lose water to the atmosphere. Water is the most limiting factor for tree
survival and development. Water shortages severely harm young plants that have not
acclimatized to the new environment after planning. Trees will experience inferior growth,
infestation by pests, and even death. Watering of young and newly planted trees will enhance
their survival throughout the year. Watering of plants throughout a dry season should be
emphasized. For example, during the dry season, one tree can be watered with 10 litres of water
twice a week to enhance the possibility of survival. The time of the day you water your plants
influences the amount of water accessible for plant use within the soil.
Maintenance and post-planting management

Maintenance is one of the factors to consider before embarking on neem tree planting.
Trees should not be planted until the necessary resources for maintenance have been arranged.
Maintenance practices for neem plantation include:
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Staking

Staking provides extra support, protection, or help to the tree to stay anchored. In the case
of roadside tree planting, staking protects trees from destruction from animals (since they are
young and palatable) and passers-by. Staking can be done with the use of sticks or mesh frames
so that bole remains straight and plant grows erect.
Fencing

A fence is built to protect seedlings from animals, and they should be adaptive to the
availability and capacity of local people. Protection is necessary, since trees are palatable to
browsers such as goats. Grazing animals can cause extensive damage to trees by browsing and
debarking.
Pruning

Pruning usually involves the removal of smaller and lower branches of trees. Pruning can be a
major source of firewood and wood for other purposes. Branches should be cut clearly and as
close as possible to the main stem.
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Introduction
Neem (Azadirachtaindica) belongs to the family Meliaceae, subfamily Meloideaeand
tribe Melieae (Usharani et al., 2019). Neem is a fast growing and evergreen tree with a height of
25 m and 2.5 m girth with versatile and immense potential.Neem, Azadirachtaindica is grown in
arid regions where 130 mm rainfall per annum is available and its growth is optimum in 12-24 m
high altitude (Lokanadhan et al., 2012). In India, where neem is native, it is known for its various
uses. Uttar Pradesh is having largest number of neem trees followed by Tamil Nadu, Madhya
Pradesh, Andhra Pradesh and Karnataka (Jayaraj, 1993). The various uses include its seeds, bark,
leaves having antiseptic, antiviral, antipyretic, anti-inflammatory, anti-ulcer, antifungal
properties (Lokanadhan et al., 2012). These may serve as a useful component in maintaining
better human health. But, along with these uses, neem is also having many benefits in
maintaining soil health also. Soil is one of the important natural resources which serve various
purposes of crop production and maintaining soil heath is the first task to improve its
productivity.
Soil health refers to soil’s capacity to function as a vital living system to sustain plant and
animal productivity, maintain optimum aeration and air quality thus promoting plant and animal
health (Doran and Zeiss, 2000).Soil health was at jeopardize due to indiscriminate use of
chemicals in agriculture, environmental and health hazards are the consequences of this practice.
Many chemical pesticides like DDT have been banned due to its residual effect on the
environment (Roychoudhury, 2016). This has surged the researchers for alternative means of
pesticide and other chemicals. Some botanicals like Chrysanthemum cinerariifolium, Tephrosia,
Mondulea have been used as biological pesticides but to its mammalian toxicity, the use has been
declined (Isman, 2006). Of all the botanicals identified, neem turns out to be the best option. It
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has been used for controlling storage pests and soil borne pests since decades. Other benefits like
coating agent in urea has also gained importance as it helped in reducing nitrogen loss in the soil.
Therefore, neem products are sustainable as well effective in controlling pest, enriching fertility
of the soil and maintaining environmental as well as human health.
Neem oil extracted from seeds of the neem tree can be used as biocontrol agent against
insects and pathogens. Neem seed cake prepared from residues of the seeds after oil extraction
can be directly applied to soil to soil which will enrich soil fertility and also help in reducing
nitrogen losses by inhibiting the activity of nitrifying bacteria thus limiting nitrification
(Lokanadhan et al., 2012). Neem can be used as a fertilizer, manure, coating agent, soil
conditioner, fumigant, pesticide etc. in agriculture. Processing of neem products are also an
important aspect in what way, the product will be used, means for what purpose.
Tomaret al. (1991) carried out a trial on a deep black vertisol in the year 1988-89 in wet
season in Rajasthan. Rice variety Jaya was given 90, 120 or 150 kg N/ha as prilled urea (PU) or
neem extract-coated urea (NECU). Half of the PU was incorporated before transplanting and the
remainder in equal top dressings at tillering and panicle initiation. Similarly, NECU was applied
50% before transplanting and 50% at tillering stage. Grain yields ranged from 3.6 t/ha in 1988
and 3.5 t in 1989. Also, there was a positive correlation between number of productive tillers and
grain yield.
Kumar and Thakur (1993) conducted a field experiment on silty clay soil in 1990 at Pusa,
Bihar. Rice variety cv. Rajshree was given 30 or 60 kg N/ha as Mussooriephos-coated urea
(MRPU), neem coated urea (NCU), gypsum coated urea (GCU), nimin coated urea (NMCU) or
prilled urea (PU). 30 or 60 kg N was applied at transplanting or 60 kg N was applied in 2 equal
splits at transplanting and maximum tillering. Split application of 60 kg N gave the highest grain
yield of 4.51 t. Grain yields from the N sources were: MRPU, 4.02 t; NCU, 4.45 t; GCU, 4.21 t;
NMCU, 4.38 t; and PU, 3.74 t. Thus, NCU gave highest grain yield.
Hooda and Srivastava (1998) assessed the impact of neem [Azadirachta indica] coated
urea (NCU) and potash on the incidence of rice blast (Magnaporthe grisea) in Hisar during the
crop year 1992-93. All 3 levels of NCU used (30, 60, 90 kg N/ha) were effective in reducing the
disease. However, for neck and node blast incidence, NCU at 30 kg N/ha had no effect compared
with controls. NCU at 60 and 90 kg N/ha significantly reduced disease compared with controls.
Significant increases in yield were also produced by NCU rates of 60 and 90 kg N/ha. NCU
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affected biochemical constituents (cellulose, hemicellulose, lignin, silica, total proteins and total
phenols) of the host plants. These changes were significant at 60 and 90 kg N/ha applied through
NCU as compared with plain urea. The highest cost: benefit ratio was recorded for NCU at 60 kg
N/ha, followed by 90 kg N/ha. The 3 rates of potash used (15, 30 and 45 K2O/ha) had no effect
on the incidence of rice blast or yields.
Upadhyay and Tripathi (2000) conducted a field experiment during the kharif season of
1997 in Raipur, Madhya Pradesh, India. The application of neem extract coated urea (NCU) 50%
basal + 25% at tillering + 25% at panicle initiation (PI) stage recorded the maximum grain (39.60
q/ha) and straw (63.90 q/ha) yield, grain (1.26%) and straw (0.19%) N concentration and uptake
(62.04 kg/ha), nitrogen use efficiency (62.04 kg/ha) and nitrogen recovery (46.96).
Sirisena et al. (2003) evaluated the relative efficiency of granular urea, soil mixed urea
and neem coated urea fertilizers compared with prilled urea on irrigated, transplanted paddy in
Sri Lanka. It was found that among the tested urea sources, granular urea produced the best
paddy yields (5.56 and 6.8 t/ha) during the study period. It also efficiently increased N
useefficiency of paddy (29.2 kg/ha). Although, granular urea performed well than prilled urea,
use of prilled urea is still suggested when granular urea is not available.
Mangat and Narang (2004) have assessed the agronomical efficiency of NCU using rice
and wheat as test crops during kharif and rabi seasons of 2002-2003 in Punjab and Haryana.
Results indicated that high crop yield could be obtained in paddy and wheat when NCU was
applied at 100% recommended level of N application. Even at 80% level of recommended dose
urea application through NCU in paddy crop, the yield obtained were comparable when urea was
applied at 100% level of recommended dose through normal prilled urea, i.e., urea dose can be
reduced by 50 kg per hectare with marginal, nonsignificant reduction in yield when NCU was
used. NCU, when applied at 100% level of recommended levels, gave significantly higher yield
in wheat crop in Haryana but when NCU was applied at 80% level, the yield was reduced
significantly.
Purakayastha and Katyal (2006) reported that urea was the most popular nitrogenous
fertilizer among the Indian farmers because of its low cost and easy availability. However, the
major disadvantage of urea was its high solubility in water, and it was very much susceptible to
nitrogen loss through various pathways like leaching, ammonia volatilization, nitrification and
denitrification. Among these, ammonia volatilization happens to be the dominant loss
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mechanism because of conventional methods of fertilizer application (wet soil surface
broadcasting) and farmers encourage it. Modification of urea has been experimented extensively
in India to increase its use efficiency by various crops. Nevertheless, different fertilizer
application methods also have been attempted for the same purpose. In heavy textured soil, dry
soil application followed by irrigation and puddling in rice crop could substantially decrease
nitrogen loss vis-à-vis N use efficiency by rice.
Neem cake and elemental sulphur has been used extensively as coating materials for
modifying urea fertilizer. However, neem-coated or sulphur-coated urea could not succeed
mainly because of inconsistent results and high costs involved particularly in the latter fertilizer
material. Therefore, alternative chemical amendments, e.g. ammonium chloride, zinc sulphate,
phosphogypsum, copper sulphate and potassium chloride etc., which are otherwise used as
fertilizers by the farmers, have been tried for making compacted urea fertilizers through dry
compaction and granulation. Among these amendments, zinc sulphate, copper sulphate,
potassium chloride and phosphogypsum proved to be effective in decreasing ammonia
volatilization loss and N use efficiency by rice.
This approach of dry compaction and granulation is very promising as it does not involve
much cost; the only thing is to provide every village a tablet machine so that the compacted urea
fertilizers are to be available at the farmer's door step in the appropriate time. Venkatesan and
Veemaraj (2006) conducted a field experiment to study the effects of dicyandiamide (DCD) and
neem coated urea (NCU, a slow-release N fertilizer) on the unease activity of tea soils in
Anamallais, Tamil Nadu, India. The treatments comprised N (urea) at recommended
concentration, NK (urea and muriate of potash, MOP) at recommended concentrations of 1:1 and
4:1, N as urea-MOP along with DCD, and NCU+MOP at recommended concentration of 4:3.
Soil samples were drawn on the 6th, 10th, 18th, 28th, 39th, 49th and 60th day after imposing the
treatments and analysed for urease activity. Application of DCD along with urea-MOP and NCU
along with MOP showed considerable activity till the 49th day, while in the other treatments; the
activity reached the minimum level on the 39th day. This indicated that the interval between 2
successive fertilizer applications could be enhanced to 6-8 weeks when the NCU or DCDblended urea was used.
Bhalla and Prasad (2008) reported the significant increase in the growth of paddy plant
parts by halving the urea used and pelleting the remaining with neem cake prior to application.
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Results on a non-averaged dataset showed significant increase in leaf length, number of leaves,
number of panicles, number of tillers and greenness of leaves. Averaged data showed similar
results barring the number of panicles, which were not significantly different from the control.
The results point to a higher availability of nitrogen in the treatment, even though half the
amount of urea was applied as opposed to the control. This could be attributed to inhibition of
de-nitrifying bacteria by neem as well as a slower continuous release of nitrogen when urea is
pelleted with neem than when it is applied directly. The study makes a strong case for cutting
down on nitrogen application in paddy using low-cost, readily available materials, without
compromising on the yield.
Thind et al. (2010) observed that modifications in fertilizer source and/or management
can lead to reduced losses of N, high wheat yields and increased fertilizer N-use efficiency.
Relative performance of neem (Azadirachta indica A Juss)-coated urea vis-à-vis ordinary urea
applied to wheat (Triticum aestivum C. emend Fiori & Paol.) was studied when applied at
different levels (48, 96 and 120 kg N/ha), drilled in between rows as a single dose of 96 kg N/ha
and when applied in 3 split doses (48, 48 and 24 kg N/ha). The field experiments were carried
out at 2 locations, i e Ludhiana-sandy loam soil and Gurdaspur - clay loam soil during 2005-08.
When nitrogen was applied in 2 equal split doses at the time of sowing and first irrigation, the
neem coated urea did not outperform urea in increasing grain yield at any level of N application
at both the locations.
Performance of neem coated urea @ 96 kg N/ha drilledduring sowing of wheat was better
than neem-coated urea applied @ 120 kg N/ha in 2 split doses at Ludhiana. Better performance
of urea and neem-coated urea applied in 3 rather than 2 split doses only in coarse-textured soil at
Ludhiana suggests that losses of applied N via leaching can be substantial as compared to in the
fine textured soil at Gurdaspur. This study suggests that neem-coated urea can lead to improved
N-use efficiency when applied either in 3 split doses or drilled between rows as a single dose in
coarse-textured soils rather than in fine-textured ones. Sunita and Narang (2012) carried out an
agronomical trial on rice and wheat crops with Neem Coated Urea (NCU) as source of nitrogen.
It was observed that NCU applied field has produced significantly higher yields at research and
farm level.
Looking into the potential of Neem Coated Urea and its acceptance by the farmers,
Ministry of Agriculture in July 2004, included the Neem Coated Urea in FCO. The use of Neem
127

Coated Urea has been found to improve the uptake of N, P and K significantly. Since 2008 the,
Ministry of Chemicals and Fertilizers allowed Neem Coated Urea manufacturer to sell NCU at
5% above the MRP, to recover the cost of coating, however cost of neem oil and production as
such of Neem Coated Urea has increased significantly.
Sanjay Kumar et al. (2015) conducted a field experiment in Zonal Agricultural Research
Station, Navile, Shivamogga to know the impact of different compost enrichment methods on
productivity and NPK use efficiency and their uptake by maize. The different compost
enrichment methods adopted were: compost alone, recommended package of practice (RPP),
compost enriched with NPK fertilizers, compost enriched with neem oil coated urea (NOCU) +
PK fertilizers and compost enriched with neem cake + PK fertilizers. Compost + NOCU + PK
fertilizers recorded significantly higher grain yield (8626 kg ha-1) and also higher N (210.8 kg ha1

), P (65.4 kg ha-1) and K (205.8 kg ha-1) uptake by maize. The highest N, P and K use efficiency

of 34.5, 59.9 and 118.1 kg grain per kg N, P and K applied respectively, was recorded in the
compost+NOCU+PK fertilizers treatment. Compost + neem cake + PK fertilizers enrichment
method recorded significantly higher available N (192.5 kg ha-1), available P (37.6 kg ha-1) and
available K (182.2 kg ha-1) in soil over RPP (154.8 kg ha-1, 33.7 kg ha-1 and 161.4 kg ha-1
available N, P and K, respectively).
Most of the studies cited above revealed that neem coated urea (NCU) has been
performing well over normal urea. It was observed that the grain yield of wheat, paddy, maize
etc. were significantly increased with the application of NCU over NC under different conditions
by conducting number of experiments on trial fields in research station all over the states of
India. Keeping in view the benefits of NCU, government of India has drawn back.
There are many references available on Nitrogen that indicates that the recovery of
nitrogen under irrigated and submerged conditions is hardly 35% due to various kinds of losses it
is subjected to such as de-nitrification, ammonia volatilization and leaching. In the world 50% of
nitrogen is supplied through Urea and the scenarios in India are no different.
In order to keep the nitrogen losses at minimum level, agricultural scientists have come
out with various agronomical recommendations, to reduce these losses. The prevalent
recommendations are split application, band placement, and deep placement using the see drill.
All these practices make available the right quantities of requirement at the place of absorption.
Application of bigger granules of urea retards the dissolution.In addition to agronomical
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practices, various kinds of nitrification inhibitors such as Nitrapyrin (N-Serve) and Terrazole
(Dwett) were developed in the USA. These Nitrification agents are very expensive and add to the
already high cost of crop production in India.
Keeping in view the low Nitrogen use efficiency it has been felt to find out the use of
some indigenous use of material and coating process for reducing the nitrogen losses from Urea.
Use of Neem oil in various forms such as Neem oil cake, Neem oil and other Neem products
have been found useful in reducing the release from Urea and increasing its use efficiency. Neem
oil contains various kinds of bitter, especially the Meliacins that have been identified in retarding
the process of nitrification of Urea.
Benefits of neem in maintaining soil health
Neem oil or Margosa oil is botanical oil extracted from kernel of Neem tree seed by Cold
Pressing or CT Cold Pressing method or Solvent Extraction. Among these methods CT cold
pressing yield purest Neem oil because solvent is not used for extraction.
Properties of Neem Oil
Neem Oil or Neem Seed Oil is a Brownish Yellow color Liquid, with smell of Garlic.
Neem Oil is slightly soluble in water and has 6.5 to 7.5 pH value; it boils at more than 200 o C
and freeze at 13o C.
Moisture

= 0.2% Max.

Specific gravity

= 0.94 at 30o C

Iodine Value

= 75.57

Azadirachtin Content

= 530 ppm

Sponification Value

= 191.69

Unsaponi cable matter

= 1.91 %

Neem as Fertilizer
The waste remaining after extraction of the oil from neem seeds (neem seed cake) can be
used as a biofertilizer, providing the macronutrients essential for plant growth (Ramachandran et
al., 2007; Lokanadhan et al., 2012). Of the three major Nutrients Nitrogen, Phosphorus and
Potash, nitrogen has received the maximum attention because of many reasons. Nitrogen gets
easily converted to available forms from various types of fertilizers that are being applied for
crop nutrition. Also, nitrogen in Nitrate form is highly mobile and gets lost through the process
of leaching especially under irrigated conditions. Nitrogen is also lost in the process of de129

nitrification where the nitrate form is back converted into Nitrogen and Ammonia and lost to the
atmosphere.
Mode of action
Neem helps in increasing the nitrogen and phosphorus content in soil. Neem contains
sulphur, potassium, calcium, nitrogen etc. which improve the fertility status of soil (Usharani et
al., 2019).
Neem as biopesticide
Use Neem Oil is used to manufacture Neem oil insecticide because it contains
azadirachtin, which effects over 600 species of pests including insects, nematodes, fungi and
viruses and is completely safe to non-target organisms like beneficial predators, honey bees,
pollinators, fish, birds, cattle and human beings. Azadirachtin of Neem oil is a famous natural
anti-fee dent, growth regulator and ovi-positional repellent for insects, as a major active
ingredient, which make it a perfect alternative to chemical pesticides (Table 9.1).
Table (9.1) Bioactive compounds (Biswas et al., 2002)
Neem compound

Source

Biological activity

Nimbidin

Seed oil

Anti-inflammatory, Antiarthritic, Antipyretic,
Hypoglycaemic Antigastric ulcer, Spermicidal
Antifungal, Antibacterial Diuretic

Nimbin

Seed oil

Spermicidal

Azadirachtin

Seed

Antimalarial

Mahmoodin

Seed oil

Antibacterial

Gallic acid, (–) epicatechin Bark

Anti-inflammatory

and catechin

Immunomodulatory

Polysaccharides GIa, GIb

Bark

Antitumour

Cyclic trisulphide and

Leaf

Antifungal

cyclic tetrasulphide

Mode of action
Neem acts as a biopesticide at different levels and in various ways (Table 9.2). Primarily
it acts as antifeedant i.e., when an insect larva is hungry and it wants to feed on the leaf but if the
leaf is treated with neem product, because of the presence of azadirachtin, salanin and melandriol
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there is an antiperistalitic wave in the alimentary canal and this produces something similar to
vomiting sensation in the insect. Because of this sensation the insect does not feed on the neem
treated surface and ability to swallow is also blocked. Secondly it acts as oviposition deterrent
ie., by not allowing the female to deposits eggs comes in very handy when the seeds in storage
are coated with neem kernel powder and/or neem oil. It also acts as insect growth regulator. It is
a very interesting property of neem product and unique in nature, i.e., it works on juvenile
harmone.
Table (9.2) Bioactive Constituents in Neem (Roychoudhury, 2016)
Plant part

Bioactive constituent

Bark, root, stem

6 Diterpenoids, gedunin
12–16% tannins, 8–11% non-tannins, polysaccharides,
18 diterpenoids, gum polysaccharides,
nimbin 0.04%, nimbinin 0.002%, nimbidin 0.4%

Leaves

Nimbin and its derivatives, 6-deacetylnimbinene, nimbandiol, nimocinol,
nimbocinone, nimocinolide, nimbocinolide, nimbolide, quercetin

Seed kernel

25 active volatile organic sulfur compounds, Di-n-propyldisulfide
(75.74%), azadirachtin, meliantriol, salanine, nimbin, nimbidin

Neem oil

Lipids, and several less polar triterpenoids bitter principles 7-acetylneotrichilenone, azadirachtin, its derivatives and analogues, meliantriol,
derivatives of vilasinin, azadirones, gedunins, nimbins, salannins, and their
derivatives

Seed cake/kernel

Rich in proteins, amino acids, phosphorous, calcium trypsin inhibitor (15

(after oil

trypsin units inhibited/mg protein), lysine, triterpenoids, azadirachtin major

extraction)

tetranortriterpenoidsalannin, nimbin, gedunin

Seed kernel/oil

Antifeedants–main:

azadirachtinsalannin,

salannol,

salannolacetate,

3-

deacetylsalannin, azadiradione, 14-epoxyazaradion, gedunin, nimbinen,
and deacetylnimbinen, vilasinin derivatives, meliantriol, azadiradione, and
14-epoxyazadiradione, 6-O-acetylnimbandiol, 3-deacetylsalannin
Growth

inhibiting:

azadirachtin, 22-23-dihydro-23-methoxyazadirachtin, 3-

tigloylazadirachtol,

and

1-tigloyl-3-acetyl-11-methoxyazadirachtin,

deacetylazadirachtinol similar in effect as azadirachtin
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Neem as coating agent
Nitrogen from Urea is released in the soil and water and leached by activity of nitrifying
bacteria NItrobactor and Nitrosomonas. These bacterias turn nitrogen in nitrite and then nitrate,
which are highly mobile in nature when present in soil. By these processes approximate 50% of
nitrogen provided by urea is lost. Solution to this problem of nitrogen loss of urea is to coat the
urea with a substance that can prevent bacterial activity of nitrification. Why to use Neem as urea
coating agent? Neem has proven nitrification inhibition properties. This way it slow down the
process of nitrogen release from urea. It is the best nitrification inhibiting agent till date and
better then sulphur.
Urea transformations
Under the environmental conditions encountered in most parts of India, urea after
application to soils hydrolyses fairly rapidly to ammonium carbonate, over a maximum period of
about a week. The ammoniacal form of nitrogen is subsequently converted to nitrite and then to
nitrate by the action of nitrifying bacteria viz. Nitrosamines sps. and Nitrobacteria sps.,
respectively. The processes of hydrolysis and nitrification of urea fertilizer are to a large extent
completed in about 15–20 days under most agro climatic conditions. In this context, it should be
noted that the duration of most cultivated crops extends beyond 90–100 days, and therefore,
nitrates formed as a result of the relatively rapid hydrolysis and nitrification of urea being highly
soluble, and in excess of the limited quantities required by the crops at their early stages of
growth are liable to be leached down the soil profile, beyond the active root zone of crops.
Moreover, under waterlogged conditions nitrates are reduced to elemental nitrogen and nitrous
oxide by the action of denitrifying bacteria to meet their oxygen demand.
Mode of action
When uncoated urea is applied to the soil, the urea (Amide) nitrogen is rapidly converted
to ammoniacal nitrogen and subsequently to nitrite and nitrate forms. Nitrogen in these forms,
besides being absorbed by plants, is also rapidly lost from the soil due to leaching, run off,
volatilization and de-nitrification. When neem UCA coated urea is applied to soil, the Neem
Triterpenes inhibit the activity of nitrifying bacteria results in delayed transformation of
ammoniacal nitrogen into nitrite nitrogen. Thus, ensures slow and continuous availability of
nitrogen thought the crop growth. Coating urea with neem prevents its misuse as well as puts the
fertilizer in slow-release mode, nourishing the saplings for a longer period, and thus avoiding the
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repeated use of fertilizer. The process reduces pollution of groundwater. There is an increase in
crop yield and efficient pest control management leading to savings. It also increases the shelf
life of the product
Other benefits of neem coated urea
Apart from the increase in yield, Neem Coated Urea application has other useful effect in
paddy and wheat crops. At one of the locations in the state of UP, farmers have observed that the
menace of Neel Gai has reduced significantly in paddy crop. In yet another observation, at
Panipat, farmers observed no incidence of leaf folder and, stem borer in paddy crop. At Sangrur
and Gurdaspur, in the states of Punjab, farmers observed that the incidence of white ant was
reduced with the use of Neem coated Urea in wheat crop. This is because of fragrance of Neem
oil that on dissolution was released in the standing water in the standing water and insecticidal
properties of Neem.
Why Neem Coat is required? Soil fertility is determined by three major elements namely
Nitrogen, Phosphorus & Potassium (N, P, K) of which nitrogen plays a very important role. For
this reason, Urea (containing 46% of N) consumption is very high all over the world.
Unfortunately, more than half (up to 60%) of the nitrogen leaches out or vaporizes in the form of
nitrogen gas, ammonia & nitrous oxide due to the presence of denitrifying bacteria in the soil.
Features and benefits of Neem Coated Urea:


Slow down the process of nitrification of urea.



Neem Coated Urea reported improved yield up to 48%



Decrease urea requirement by 50%.



Controls soil born nematodes, termites and other pest due to pesticide properties



It is a Next Generation Urea Coating Agent.

Neem Coat Application
Spread the required quantity of urea in shade and mix Neem Coat (5000 ml per metric ton
or 250 ml per bag of 50Kg of Urea) thoroughly; mix the two to get uniformly coated urea. Them,
keep neem coated urea in shade for about three hours before application for deriving maximum
benefit from Neem Coat.
Neem as soil conditioner
Neem seed granules or powdered seeds are used to manufacture the soil conditioner. It can
be applied during sowing of plants or can be sprinkled and raked into the soil. The process of
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sprinkling should be followed by proper irrigation so that the product reaches the roots. It is a
natural soil conditioner that helps improve the quality of soil, thereby enhancing the growth of
plants and fruits (Smith et al., 2001)
Mode of action
Neem will improve soil physical condition of the soil by improving porosity in the soil.
This will further improve water holding capacity as well as nutrient holding capacity of the soil.
Overall, soil will be conditioned to perform better and maintain its health in all the terms of
physical, biological and chemical aspects of the soil.
Conclusion
Neem products are having many benefits which will help in maintaining the soil health. It
has property to increase fertility of soil, condition soil, reduce the loss of nutrients specially
nitrogen with neem coated urea etc.Neem can be incorporated in nutrient management strategy
of soil which will help in maintaining soil health without deteriorating the environment.
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Introduction
The neem tree (Azadirachta indica A. Juss), belongs to Meliaceae family, known as
Indian lilac, has been recognized long back ego for its both pesticides and medicinal properties.
Each part of the neem plant like leaves, seeds, barks, flower and roots, are known to have
insecticidal, fungicidal and nematicidal properties (Bajwa and Ahmad, 2012). The seed of neem
contains azadirachtin and its homologues. Boththe bark and leaves also contain
biologicallyactive molecules but not high levels ofazadirachtin which is found mainly in the
seedkernels. Among all, leaves and seed extract have been used extensively because of their
deleterious effects on life cycle of insect pests (Nathan et al., 2008). Neem cake contains high
amount of Sulphur and neem oil is rich in fatty acid.Bio-Pesticides made from neem are usually
water soluble and aid plant development and pests do not acquire resistance to neem-based biopesticides.
Excessive utilization of chemical pesticides has results in several problems, including
resistance development of insects, harm to beneficial organisms and harmful effects on plants
and soil. So to avoid the effect of synthetic or chemical pesticides many are switch over to neem
based bio-pesticides. Azadirachtin, a complex tri- terpenoid limonoid compound present in neem
seeds, is the main component responsible for both anti-feedant and toxic effects in insects. Other
limonoid and sulphur-containing compound and fatty acids which are present in leaves, flowers,
bark, rootsare also having repellent, antiseptic, contraceptive, antipyretic and antiparasitic
properties (Schmuttere, 2002). The anti-feedant effects of neem were recorded scientifically first
time in 1952 by Heinrich Schmutterer (Mordue and Nisbet, 2000).It is effective against large
number of agriculture insects, lice in human, Locustamigatoria, pathogens like Meloidogyne
root-knot nematode, Rhizoctonia root-rot fungus and Rice stunt virus (Anjorinet al., 2004).
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Neem seed extracts are bactericidal against both gram-negative and gram-positive bacteria,
showing that they have broad spectrum activity; they also have a synergistic interaction with
antibiotics (Mandal and Mandal, 2011). Many biochemical products like Nimbolide, Mahoodin,
Margolonone, Margolone, etc. have been purified from neem (Krishnaiah et al., 2007; Olabinri
et al., 2013).
Neem Products
The major neem products such as neem oil, neem seed karnel extracts (NSKE), leaf
extracts, bark extracts and root extracts aswell as the by-product i.e., neem cake, contain
pesticidal properties and are used asbio-pesticide, fungicide and organic manure. These products
are alsohaving the antifungal, antibacterial, antiviral, anthelmintic, anti-carcinogenic,
antidiabetic, anti-inflamatory properties (Acharya et al., 2017). These extracts and by-products
can be used singly or mixedwith the other compounds to produce the finalproducts.
Neem Oil
Neem oil, is the most important extract of neem, is widely used as a pesticide due to its
repellent, insecticidal, nematicidal, bactericidal, andfungicidal activities (Pascoli et al., 2019).
The presence of terpenoid, limonoidsand volatile sulphur containing compounds makes
Azadirachtin oil as complex oil (Ricciet al., 2009). Other components such as nimbin,
nimbidin,nimbolides,nimbinin,meliantriol fatty acids (oleic, stearic, and palmitic) and salannin
are alsopresent in neem oil.The neem oil has larvicidal activity on mosquitoes (Dua et al., 2009)
and act as effective insecticide against various pests like Diaphorinacitri (Weathers bee and
McKenzie, 2005), Cnaphalocrocismedinalis (Nathan et al., 2006), Nilaparvatalugens
(SenthilNathanet al., 2009), Spodopterafrugiperda (Tavares et al.,2010), Idioscopusclypealis
(Adnan et al., 2014), Helicoverpaarmigera (Ahmad et al.,2015), Scirpophagaincertulas (Madhu
et al., 2020). Similarly, Aphis glycinesnymphal mortality can be caused by neem oil (Kraiss and
Cullen, 2008). Neem oil target the chewing and sucking pests and harmful to insects in their
pupal stage, causing morphological deformations such as deformed adults, incomplete ecdysis,
moult blocking, delaying and inhibiting adult production (Boulahbel et al., 2015).Neem oil in
combination with different entomopathogenic fungi found to be effective against vegetable
sucking pest (Halder et al., 2013).
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Extraction of neem oil from seeds

Preparation of neem oil emulsion

Put 500 ml of neem oil in a 10-litre bucket
Add 50 g of soap powder and Stir well
Add water to fill the bucket and stir until a white creamy liquid is formed
If the oil forms a separate layer, add more soap powder and stir again
Test the emulsion concentration on a few plants before large-scale spraying.
If the plants are damaged after two days reduce the concentration by adding
water
Spray 500-750 litres per acre, depending on the type and size of the crop.
Neem Seed Cake
The residue left over after extracting the oil from the seed kernels is known as neem seed
cake, and it can be utilized as both a bio-pesticide and a bio-fertilizer (Chaudhary et al., 2017). It
functions as a soil enricher, providing essential nutrients for all plant growth, inhibiting the
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activities of soil pests and bacteria, and aiding in the enhancement of plant production (Roshan
and Verma, 2015). Along with Azadirachtin, neem cake is also consists of Nitrogen (3.56%),
phosphorous (0.83%), potassium (1.67%), calcium (0.99%) and magnesium (0.75%) (Rangiah
and Gowda, 2019).With arbuscular mychorrhiza fungus, neem cake can reduce the population of
the root knot nematode in okra (Mohapatra et al., 2020).Similarly, Neem cake is said to be
effective against black pepper nematode (Sathyan et al., 2020) and efficient in controlling soilborne pests in staple crops such as rice and maize. In the instance of preventing the fall army
worm (Spodopterafrugiperda), neem cake was found to be more efficient than leaf extracts (Silva
et al., 2015).
Neem Leaves
The

Alkaloids,

flavinoids,

glycosides,

tannins,

reducing

sugars,

steroidsand

carbohydrates are biologically active compounds found in neem leaves (Manikandan et al.,
2008). Neem leaf extract is a good source for making vermi-compost, which improves the soil
fertility and has pesticidal effects (Chaudhary et al., 2017).Leaves are applied in a variety of
ways, including powdered form, aqueous, ethanolic and methanolic extracts (Kumar et al.,
2019). Neem leaves are used to safeguard stored grain by repelling pests and extending the postharvest life (Ahmad et al., 2015).Neem leaf powder and aqueous extracts of Neemwasfound to
be effective against stored rice weevil (Jahan et al., 2019), aphid (Bhatta et al., 2019) whitefly
(Basedow et al., 2002) cabbage butterfly, soybean hairy caterpillar tobacco caterpillar (Parajuli
et al., 2020) and Pseudomonas aeruginosa (Kaverimanian and Heuertz, 2020).
Neem Bark
Neem bark extract consists of azadirachtin, nimbin,cyanogenicglucosides, and contains
anti-lepidopteran activity (Ahmad et al., 2015). In the field, a nano formulation of 100 ppm
concentration of crude neem gum obtained from neem bark exhibited 100 percent mortality
against Helicoverpa armigera larvae, pupa, Spodopteralitura, and reported anti-feedant actions
against them (Kamaraj et al., 2017).
Neem Roots
Neem root extracts can be used in the form of raw or powdered or oil form and it have
antifungal, antibacterial, antiseptic properties and they are effective against sucking insects and
fleas (Lokanadhan et al., 2012). The neem root associated with Endophytic fungi (Verma et al.,
2011) and as of now, from different parts of the neem tree including root 361 fungiand 80
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bacterial endophytes have been isolated and these endophytes reduces the harmful
microorganisms (Rangiah and Gowda, 2019).
Neem seed kernel extracts (NSKE)
Neem seed kernelextracts contain significant amount of limonoids where azadiracthin is
the most active one and the other major limonoids are: salanin, meliantriol and nimbin that
contain insecticidal and pesticidal properties (Hashmat et al., 2012). Neem seed kernel extracts is
also having very good insecticidal properties and effective against the egg and larval
development of Helicoverpa armigera a major pest of cotton and vegetable crops (Hassan,
1999).

Collect the neem fruit and Remove seed coats
Crush/grind the kernels and powder it
Soak it overnight in 10 liter of water.
Stir with wooden plank in the morning till solution becomes milky white
Add 1% detergent/soap powder mix thoroughly
Filter through double layer of muslin cloth and make the volume to 100 liter and
can use as a spray
Chemicals found in Neem
The primary extracts of neem which contain a wide range of active chemicals are
separated into two constituents: terpenoids and non-terpenoids. Non-terpenoids include
hydrocarbons, fatty acids, steroids, phenols, flavonoids, and other components, while terpenoids
include limonoids, protolimonoids, penta-triterpenoids and hexa-triterpenoids (Schmutterer,
1995).Nimbin, nimbidin, nimbinin, nimbidiol, salannol, 3-tigloylazadirachtol (azadirachtin B)
and 1-tigloyl-3-acetyl1-hydroxymeliacarpin (Azadirachtin D) are some of the other bioactive
compounds found in neem. These compounds are recognized to play a key function in regulation
of pest (Morgan, 2009; Melwita and Ju, 2010).
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Structure of Azadirachtin

Azadirachtin exists in many forms (A-K) and it is made up of several isomers AZ (A, B,
C, D, E, F, G, I, J and K), Az A is the most abundant and bioactive component (Rangiah and
Gowda, 2019). It has repellant, antifeedent and insecticidal activity against a variety of insect
pests, and is therefore used in formulation of commercial insecticides (Barceloux et al., 2008).
Azadirachtin has a variety of impacts on insects and is effective against over 540 different
species of Lepidoptera, Coleoptera, Diptera, Homoptera, and Hemiptera (Khan et al., 2015).
Apart from its insecticidal activities, azadirachtin has a negative impact on fungi, viruses,
nematodes and protozoans (Mordue, 2010).
Interference with growth, moulting, reproduction and cellular processes are the
physiological effects of azadirachtin, which are more constant than the antifeedant effects.
Reduced growth, increased mortalities, aberrant moults, and delayed moults were observed in all
insect species studied. These side effects are linked to a malfunction in the endocrine system,
which regulates growth and moulting. The moulting effects in L. migratoria are caused by a
disturbance in the synthesis and release of ecdysteroids (moulting hormone) (Mordue et al.,
1986). Lepidoptera are highly sensitive to azadirachtin and shows reduced feeding ability at
concentrations ranging from 1 to 50 ppm. Behaviorally, Coleoptera, Hemiptera, and
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Homopteraare less sensitive to azadirachtin, with up to 100% antifeedancy attained at
concentrations of 100-500 ppm.
Neem used as fumigant
The neem has been used to prevent pests in the home, in storage and in field crops. Neem
fumigant acts as a pesticide and disinfectant and is available in gaseous form. Farmers and
agriculturists from many countries used it on a commercial basis. This natural product is being
exported since it is non-toxic and has no negative impact on the environment at proper
concentration. This natural fumigant not only kills pests, but also has a detrimental impact on
them by deterring feeding and oviposition, disrupting mating, inhibiting growth, and so on.
According to research, neem fumigant helps to keep pests away from stored rice grains and do
not develop resistance to this organic fumigant, which is one of its main advantages. Along with
all other advantages, neem oil and seed extracts are known to have germicidal and antibacterial
capabilities that can help to protect plants from a variety of pests. Plants are not left with any
residue after using this natural product. For producers and exporters, this is an excellent
opportunity to make high-quality bio agricultural products.
Neem used as insecticides
Neem insecticides are effective at controlling insect pests and are now commonly used in
agriculture (Table 10.1). There has been a noticeable change from synthetic pesticides to nonsynthetic pesticides across the world, because of the increased understanding of the adverse
effect of synthetic pesticides on plants, soil and other living organisms. Neem formulated
product shows considerable effect against the eggs of the peach fruit fly (Bactrocerazonata), but
has no effect on beneficial organisms like pollinators and predators (Salma et al., 2011).Even at
low concentrations, the combined effect of bacteria and bio-pesticides significantly reduces LDH
activity.This suggests that the combined product is an effective enzyme inhibitor of insects
(Kumar, 2015). At the highest concentration of neem extract, the fertility and development of
various aphids like soybean aphid (Aphis glycine) fababeanaphid (A. pisum) and sweet pepper
aphid (Myzuspersicae) were reduced (Stark and Wennergren, 1995). Azadirachtin and neem seed
oil increase the nymph and adult mortality and decrease the adult fecundity in Brown citrus
aphid (Toxopteracitricida) and pea aphid (Acyrthosiphonpisum) (Tang et al., 2002). Neem based
insecticides also effective in the management of resistance by lowering detoxifying enzyme
levels or blocking the enzyme synthesis or lower midgut cell turnover rate in insect resistant
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strains (Lowery and Smirle 2000) and it has been seen in Bt-resistant Leptinotarsadecemlineata
(Colorado potato beetle) strains (Trisyono and Whalon, 2000).
Table (10.1) Neem products in insect pest management
Crop

Insect/Disease

Neem product

Maize

Corn ear worm (H. armigera)

Aqueous neem extract @300/ha

Maize aphid (Rhophalo siphummaidis)

Neem leaf extract @ 2ml/l

Fall army worm (Spodoptera furgiperda)

Neem oil 4ml/l and seed cake @ 50kg/ha

Root knot Nematode

Nursery bed treatment with Neem cake

Tomato

and leaves @ 3 kg /m2
Okra

Root-knot nematode

Soak okra seeds for 20-30 minutes in 5%
aqueous solution of neem cake

Ginger

Rhizome rot

Neem leaf powder @ 500 g /m2

Potato

Colorado potato beetle

Neem oil (0.3%)

Pumpkin

Red pumpkin beetle

NSKE 5%

Sorghum

Shoot fly

Neem oil 2 %

Cabbage

Plutell axylostella

3% of Neem seed extract

Neem used as Bio-fungicide
Neem formulation is used as a fungicide because of its inhibitory action against fungal
spore germination. It is effective against many fungi like Phomopsistheae in tea (Linner et al.,
2017), Poriamonticola infecting wood (Dhyani et al., 2004) and Pyriculariaoryzae infecting rice
(Amadioha, 2000).Many commercially available neem products such as Achook, Bioneem,
Neemark and Nimbecidine and have antifungal properties against pathogens such as
Altanariasolani,

Aspergillus,

Botryiscinera.

Curvularialunata,

Fusarium

oxysporium,

Glomerellacingulata, Helminthosporium sp. and Sclerotiumrolfsii (Hirose et al., 2001).
Azadirachtin has a considerable inhibitory effect on plant pathogenic fungi, and more significant
bio-fungicide than synthetic fungicides like Bavistin and mancozeb (Dubey and Kumar, 2009).
The other commercially available neem product is Trilogy is a clarified hydrophobic extract of
neem oil also have fungicidal activity against mildews of cucurbits (Meister, 1999) and it also
inhibits the growth of Podosphaeraxanthiion cucumber leaves (Aboellil, 2007). Trilogy is more
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effective against bacteria like Pseudomonas xanthii at very low concentrations (Polioakidou,
2005). Neem leaf extracts in banana increases the growth of plants, physicochemical properties
of soil and resistance against Fusarium wilt infection (Yi et al., 2021).
Neem-based nano-formulations
In spite of many advantages of bioinsecticides, in field condition because of its volatile
nature it will degrade quickly, it also has other disadvantages likehigh photosensitivity, limited
shelf life and slow mortality (Zhao et al., 2018).To resolve these challenges, many researchers
developthe efficient bioinsecticide nano-formulations that allow effective agricultural
management. In this regard, the use of nanotechnological tools to resolve the inefficiency and
photosensitivity ofbioinsecticide formulations anduseful in the development of beneficial and
prospective biopesticide formulas. Nano-delivery formulations of biopesticides have number of
advantages including increased effectiveness and efficiency (target delivery, wettability and
well-dispersion) with the improved antifeedant qualities.
Neem based nano-formulations are colloidal suspension or powder, containing the
polymers like ε-caprolactone (PCL), β-hydroxybutyrate (PHB) or methyl methacrylate (PMMA),
in capsules are developed in order to reduce biodegradation of the active neem compounds and
improve their residual effect. In nano-formulations treated corn leaves more mortality and
reduced larval weight of fall army worms have been observed (Giongo et al., 2016). The usage
of neem nanoparticles along with the other botanicals such as citronella has been proved to be
efficient against phytopathogenic fungi (Ali et al., 2017).
Mode of Action of neem products
Neem products act as a bio-pesticide at different levels, at different stages of insects in
variousways. Even though much research has been done on neem, the exact mode of action at
biochemical or cellular level is not clear. But some of the other mechanisms include antifeedant,
oviposition deterrent, growth regulation, sterility and repellent action (Fig. 10.1).
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Fig. (10.1) Mode of Action of Neem

Oviposition deterrents
Neem has an ovipositional deterrent action, which means it prevents female pests from
laying eggs, which lowering the economic value of the plant (Acharya et al., 2017). Azadirachtin
inhibits female oviposition by affecting egg formation or ecdysteriod synthesis (Berxolli and
Shahini, 2017), whereas in males, it works as a suspension and disrupts the meiotic process
which is responsible for sperm production (Adnan et al., 2004; Martinez and Van Emden, 2001).
The most significant component present in neem leaves is nonacosane, a polar component which
is made up of saturated fatty acids that has a detrimental impact on egg producing capacity and
durability of larvae of Stephanities sp. (Wang et al., 1999).
Nonacosane also attracts some of the important parasitoid like Trichogramma
briasiliensis, T. chilonis, T. exiguum and Cotesia plutellae (Ananthakrishnan et al., 199; Kumar
et al., 2011; Seenivasagan and Paul, 2011). The ovipositiondeterrence activity of neem is found
in different insects which decreases economic value of fruits and vegetables like pulse beetle
(Callosobruchus chinensis) (Akter et al., 2019), cabbage moth (Mamestrabrassicae) (Jogar et al.,
2009), peach fruit-fly (Bactrocera zonata, Bactrocera carambolae) (Mahmoud and Shoeib,
2008) and potatotuber moth (Phthorimaea opercullela) (El-Sinary and Rizk, 2002).
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Repellent
Mosquito repellent properties can be found in neem oil alone or in combination with
other components such as coconut oil (Brahmachari, 2004). In the higher concentration of
commercial neem product like azatrol, triple action neem oil and pure neem oil the aphids shows
repellent action on sweet pepper plants (Shannag et al., 2014). The different formulations of
neem like neem oil and aqueous neem leaf extract known to control the citrus leaf miner
(Canarte-Bermudez et al., 2020). The burning of herbal incense sticks made up of neem also
effective against the mosquito (Bahadur et al., 2020).
Anti-feedant
The neem anti-feedant properties degrade the many insectpests which cause damage to
crop plants and protect them. Due to starvation when insects feed on the neem treated crops their
feeding abilities deteriorate and they move away from crops due to presence of azadirachtin,
salanin and melandriol in neem (Roshan and Verma, 2015). Thechemicals present in neem cause
an anti peristalticwavein the alimentary canal of insects and this leads to vomiting sensationand
also block the swallowing ability of insects (Vijayalakshmi et al., 1985). The neem Antifeedant
activity is observed in the most important insect pest economically important crops
Spodopteralitura (Prianto et al., 2019) and azadirachtin is having feeding inhibitory activity even
at low concentration of 0.01–1 ppm (Campos et al., 2016).
Growth Regulation
During developmental process, the insects shed the old skin and starts growing again this
phenomenon are called as ecdysis or moulting and this process is carried out by an enzyme
ecdysone. The neem based products directly act on the enzyme ecdysone 20-monoxygenase
convert the ecdysone into active hormone and inhibit the growth of insects (Morgan, 2009). It
known to effect large number of insect species metamorphosis and leads to high mortality in
more than 400 insects belongs to different orders (Ragsdale et al., 2004; Liu et al., 2004). When
azadirachtin enters inside the larval body, the activity of ecdysone is reduced, which prevents
larval moulting as a result the larval mortality will occurs. If the neem concentration is less,
larvae will survive, undergo pupal stage but the emerged adult will be malformed and sterile
(Vijayalakshmi et al., 1985). The reduced growth and weight loss is observed in Spodoptera
frugiperda fed with the neem product treated plants (Roel et al., 2010).
Sterility
147

When insects consume azadirachtin, it prevents the synthesis of ecdysteriods in the
prothoracic gland, resulting in incomplete moulting and sterility in the adult female (Isman,
2006). Azadirachtin has a significant impact on insect metamorphosis and reproduction,
including fecundity. In insect larvae, azadirachtin causes growth inhibition, deformity, and
mortality, depending on the concentration. The steroid-like substance appears to disrupt insect
development by interfering with the function of ecdysteroids and/or other insect moult hormonal
regulators (Marco et al., 1990). Along with azadirachtin, limonoid and other chemical
constituent also involved in causing sterility and deformation of insect pest.
Future Prospects of Neem
Bio-pesticides have gotten a lot of attention in recent years because of the presence of
natural ingredients, safetyand theirrolein industrialization. Bio-pesticides are selective for the
pest species and have enough residual action to protect the plant throughout the vulnerable
period. These products have very good compatibility with entomopathogenic fungi like
Beauveriabassiana, Isariafumosoroseus, and Lecanicilliumlecanii (Usman et al., 2012).
Additionally, neem plant also possesses agro-medicinal properties like immunomodulatory
effect, anti-cancer anti-microbial and wound healing properties. This interdisciplinary approach
provides multiple benefits in agriculture as well as inbiomedicine.
Even though many works has been done on neem based products, it is confined to
laboratory because of unstable nature this product under field condition. To increases the
stability, efficacy and photosensitivity of neem formulation under field condition nanotechnology should be adopt in a large scale will equally benefiting food and cash crops(Fraceto
et al., 2016). The development of insect resistance against bio-pesticides also encourages the
adoption of alternative strategies in integrated pest managements.Many studies have been
conducted on the encapsulation of agrochemicals by using nano-technology, show the increased
efficacy of the active ingredients,reduce losses due to volatilization, leaching and photo
bleaching and also decrease the toxicity of biopesticides on environment and human beings
(Giongo et al., 2016).In sustainable agriculture, nanotechnology can aid in the development of
eco-friendly agricultural products, enhancing the safety and stability of active ingredients,
increasing their activity in pest control and finally increasing the producers acceptance (Agrawal
and Rathore, 2014; Ram et al., 2014).
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Nano-formulated bio-pesticides have increased mode of actions like anti-feedant,
sterilant, ovicidal and morphological and physiological defects on insects compare to traditional
bio-pesticides.The nanoparticles effectively protect the neem oil against degradation, increasing
the shelf life, decreases the number of application, improve the effect on the target pest and
reduce the environmental damage due to presence of biodegradable polymers (de Oliveira et al.,
2014; Isman and Grieneisen, 2014; Miresmailli and Isman, 2014). Inspite of several advantages
of nano- encapsulated bio-pesticides there is an issue with public acceptance. So we should clear
about the some of issues like regulation of use of nano-particles, cost/benefit ratio, behavior of
nano-particle in the environment, toxicity on non-target species (Servin and White, 2016). More
research is needed to enhance the rate of azadirachtin release via polymers by using nanotechnology.
Conclusion
Neem based bio-pesticides are widely usedin agriculture field around the world either
solely or in combination with other pesticides. The active ingredient of neem azadirachtin have
different mode of action like ovipositional deterrence, repellence, anti-feedent, growth disruption
and sterility against wide range of insect pest. It is effective against different insects like aphids,
caterpillars, leaf hoppers, mealybugs, mites, scale insects, thrips and whiteflies. It is also have
fungicidal effect on different fungi like anthracnose, black spot,leaf spot, mildews, root rot,
rusts,scab, sooty mold, tip blight, verticillium wilt and bactericidal effect on fire blight and
bacterial wilt.Because of its non-toxicity to non-target organisms, ease of manufacture, reduced
level of insect resistance, lesser number of application and compatibility with other by products,
neem products are ideal for integrated pest management.So, everyone should be educated on
how to use neem as bio-pesticides in larger scale to safeguard their agricultural
products.Furthermore, the efficacy of these bio-pesticides can be increased by encapsulating
them as nano-particles, which allows the slow release of phytochemicals as well as site-specific
delivery, leads to enhancing crop production and yield.
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Introduction
The practice of storing food grains began about 4,500 years ago as a safeguard against
poor harvests and famines because of adverse climatic conditions and pest attacks. Several
species of storage insect pest attacked granaries and other food structures in ancient times, e.g. in
ancient Egypt (Levinson and Levinson, 1985). Even today, storage losses remain notoriously
high. According to an FAO study, world-wide loss in store approximates 10% of all stored grain,
i.e., 13 million tons of grain lost due to insects or 100 million tons to failure to store properly
(Wolpert, 1967). Most of the insect pests cause heavy losses in storage food grains, particularly
at the farm level in tropical countries. Food grain losses in India during storage at the farm level
approximate 10% of the production (Lal, 1988). In Sub-Saharan Africa, food grain losses during
storage at farm level can reach as high as 25-40% (Dichter, 1976). Such high levels of food grain
losses generally result from inadequate post-harvest management practices and poorly designed
storage structures (Anon, 1989).
In a survey conducted in the Nyanza district in Kenya, it was found that 20% of corncobs
were already infested with weevils at the time of harvest (Nyambo, 1993). In Togo, corncobs
stored in cribs suffered much higher pest damage than when stored in granaries (Richter et al.,
1997). Although improved storage structures and modern chemical and physical control
techniques are now employed for the safe storage of produce, in many countries 70-90% of food
grain is still stored for 6 months to a year at farmer’s level in traditional storage structures which
are not insect-proof (Semple, 1990). In some countries, grains are sometimes mixed with sand,
limestone, or ash to provide physical obstacles to movement of insects through the grain and
reduce deposition of eggs.
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The size of storage on-farm ranges from about few hundred kilograms to a few tons.
Gunny bag storage, as practised widely in some countries, is not the most efficient way of storing
food grains and is vulnerable to pest attacks. Prophylactic chemical and physical treatments, such
as aeration, radiation, refrigeration, heating, or hermetic storage in controlled nitrogen or carbon
dioxide gaseous environments, are not only prohibitively expensive but not always feasible,
because in villages the food grain is generally stored within the confines of human dwellings.
Also, widespread resistance to insecticides, including the juvenoid methoprene, among
populations of major post-harvest insect pest species (Benezet and Helms, 1994; Champ and
Dyte 1976; Muggleton, 1987) and concerns about health hazards associated with the use of
chemicals are other limitations of chemical control at village levels. Although methyl bromide
has been used as a fumigant for more than 70 years for controlling insect pests in durable and
perishable commodities, concerns of its role in ozone depletion indicate that it will eventually be
removed from the list of few remaining products capable of preventing the damage in food and
other commodities (Taylor, 1994). To reduce the dependence on contact insecticides this
situation demands alternative control measures.
Over the past three decades, neem, Azadirachta indica (A. Juss.), a botanical cousin of
mahogany, has come under close scientific scrutiny as a source of natural pest control materials
(Schmutterer, 2002). The tropical tree is widespread in Asia and Africa and has long been known
to be free from pests and diseases. The scientific name of neem is derived from “azad dirakht-ihind,” which in Persian language means the “free or noble tree of India.” Here, the traditional
uses and the possible practical applications of neem materials for averting losses in food grains
and other commodities caused by stored products insect pests are reviewed and evaluated on
scientific bases.
The extensive use of commercially available synthetic pesticides results the
bioaccumulation of commercially available synthetic pesticides within the environment causing
increased resistance and reduction in soil biodiversity. Further, 90% of the applied pesticides
enter the varied environmental resources as results of run-off, exposing the farmers as well as the
consumers of the agricultural produce to severe health issues. Therefore, growing attention has
been given towards the development of alternate environmentally friendly pesticides/insecticides
that would aid an efficient pest management system and also prevent chronic exposures leading
to diseases. The development of insecticidal resistance in various insects and their residual
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effects are some of the serious threats. The biosphere contamination is associated with the largescale use of broad spectrum chemicals especially the synthetic pyrethroids that has led to the
necessity for the most effective and selective biodegradable chemicals. So, the use of neem
plant's (Binomial name: Azadirachta indica) active ingredients exhibits agro-medicinal
properties conferring insecticidal as well as immunomodulatory and anti-cancer properties (Fig.
11.1). The most prominent constituent of neem is azadirachtin, which has been established as a
pivotal insecticidal ingredient. It acts as an antifeedant, repellent, and repugnant agent and
induces sterility in insects by preventing oviposition and interrupting sperm production in males.
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Fig. (11.1). Properties of Neem tree
Stored grain losses by insect pests
The post-harvest losses caused by unscientific storage, insects, rodents, microorganisms
etc., account for about 10 per cent of total food grains in India. The major economic loss were
not only caused by grain infesting insects by consumption, but also the amount contaminated by
them and their excreta which make food unfit for human consumption. About 500 species of
insects have been associated with stored grain products. Nearly 100 species of insect pests of
stored products cause economic losses. Storage insect pests are categorized into two types viz.
Primary storage pests: Internal and External feeders (Table 11.1) and Secondary storage pests
(Table 11.2).
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Table (11.1) Primary storage pests: Insects that damages sound grains are primary storage
pests
Common name

Pest

Family

Order

Sitophilus oryzae, S.

Curculionidae

Coleoptera

Internal Feeders
Rice weevil

zeamais, S. granarius
Lesser grain borer
Angoumois

Rhyzopertha dominica Bostrychidae

grain Sitotroga cerealella

Coleoptera

Gelechiidae

Lepidoptera

Bruchidae

Coleoptera

moth
Pulse beetle

Callosobruchus
chinensis, C.
maculatus

Cigarette beetle

Lasioderma sericorne

Anobiidae

Coleoptera

Drug store beetle

Stegobium paniceum

Anobiidae

Coleoptera

Tamarind Beetle

Pachymeres gonagra

Bruchidae

Coleoptera

Sweet Potato weevil

Cylas formicarius

Apionidae

Coleoptera

Potato tuber moth

Phthorimoea

Gelechiidae

Lepidoptera

Anthribidae

Coleoptera

Tenebrionidae

Coleoptera

Phycitidae

Lepidoptera

Phycitidae

Lepidoptera

operculella
Arecanut beetle

Araecerus
fasciculatus

External Feeders
Red flour beetle

Tribolium castaneum,
Tribolium confusum

Indian meal moth

Plodia interpunctella

Fig moth or almond Ephestia cautella
moth
Rice moth

Corcyra cephalonica

Galleriidae

Lepidoptera

Khapra beetle

Trogoderma

Dermestidae

Coleoptera

granarium
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Table (11.2) Secondary storage pest: Insects that damage broken or already damaged
grains secondary storage pests
Common name
Saw

toothed

Family

grain Oryzaephillis

beetle
Long

Pest

Order

Silvanidae:

Coleoptera

Tenebrionidae

Coleoptera

surinamensis
headed

flour Latheticus oryzae

beetle
Flat grain beetle

Cryptolestus minutas

Cucujidae

Coleoptera

Grain lice

Liposcelis divinitorius

Liposcelidae

Psocoptera

Grain mite

Acarus siro

Acari

A heavy infestation of grains due to various insect pests during storage causes loss of
germination capacity of seeds making them unfit for human consumption. The insect-pests have
been considered to cause damage to the stored grains and grain products which may range from
5.0-10.0 per cent in the temperate whereas 20.0-30.0 per cent in the tropical zones (Rajendran
and Srianjini, 2008). Hafiz and Hussain (1961) reported 10.8 per cent losses due to insects, rats
and moulds in Pakistan. Koura and Holfany (1974) reported that 24.2-47.8 per cent stored grain
losses in silos/bins. The weight loss in wheat during storage was due to R. dominica (Malagon
and Trochaz, 1985) and S. garanarius (Bekon and Fleurat, 1992). Girish et al. (1975) reported
7.0-22.0 per cent weight loss in wheat due to various storage pests within 180 days of its storage
in Uttar Pradesh (India).
Simwat and Chahal (1984) recorded an increase of 2.80 to 6.37 per cent adult population
of S. oryzae and Tribolium spp. on wheat during its six months storage period. Mohammad
(2000) reported significantly high grain weight loss (10.0 to15.0%) due to various stored grain
insect pests on wheat. Khan and Kulachi (2002) registered 3.40 and 6.53 per cent wheat losses,
respectively, in Count and Weigh and Thousand Grain Method. They also recorded 1.93 per cent
average grain infestation due to R. dominica and other stored grain insect pests. Talukder et al.
(2004) estimated nearly one-third of the world’s food production to be destroyed by more than
2,000 field and storage pest species. The poor status of storage has resulted up to 0.2-30.0 per
cent grain losses due to various insect pests (Alleoni and Ferreira, 2006). Rajashekar et al.,
(2010) reported about 20-25 per cent of the total food grain production (250 mt) to be damaged
by various stored grain insect pests in India. Ahmedani et al. (2011) reported an initial
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infestation of grains with only 10 pairs of Khapra beetle larvae to cause more than 20 per cent
weight loss in stored wheat seeds after 6 months of its natural storage.
Pesticide adverse effects as grain protectant
Synthetic insecticides and various fumigants have been extensively used since 1960s in
stored grains for the control of storage pests. However, their uninterrupted and indiscriminate use
has not only led to the resistance development (Champ and Dyte, 1976) but also accumulation of
toxic residues on food grains has resulted into health hazards in human. Champ (1985) has
reported a widespread resistance development to almost all groups of pesticides for protection of
stored grains and other stored food by major insect pests. The development of pest resistance to
one or more chemical insecticides was found in about 500 species of insect pests and mites
(Georghiou, 1990). Methyl bromide has been found responsible to deplete the ozone layer and
therefore, its use has got banned in several developed nations, and the developing countries have
also committed its restricted use by 20 per cent in 2005 and phase it out in 2015. Similarly,
widespread resistance development to Malathion by several storage pests has been reported in
countries such as USA, Australia and Canada (WMO, 1994, Subramanyam and Hagstrum, 1995).
The insecticidal resistance is one of the emerging problems in stored grains protection. The
control failures from high levels of phosphine resistance in some countries including India and
Australia resulted to ban, restrict or replace several insecticides by plant based pesticides
(Leelaja et al., 2007; Mau et al., 2012; Ahmad et al., 2013). Although the chemical insecticides
are effective but their repeated use has led to several problems like residual toxicity,
environmental pollution and adverse effects on food and humans besides increasing cost of their
application (Fishwick, 1988; Jovanovic et al. 2007; Lu and Wu, 2010). Moreover, the poor
storage facilities at traditional levels in the developing nations were considered unsuitable for
effective conventional chemical control, as most of the storage types were open to re-infestation
by insect-pests. Stored grain resistance in relation to population buildup of various insect-pests
relied upon factors such as moisture content, hardness of grain, the chemical composition of a
variety and insect species. The new classes of naturally occurring insecticides that might be
environmentally safe and compatible with newer pest control approaches is the focus of today’s
research in several laboratories around the world. Worldwide reports have shown that the plant
derived powder or oil mixed stored grains not only have impact on reduced oviposition rate and
suppressed adult emergence of R. dominica and S. oryzae but also on reduced seed damage rates.
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Present paper involves a detailed review of several studies on use of plant products for
prevention of stored grains/ food commodities from various pests.
Neem used against stored grain pests
Neem leaves have a bitter fragrance and store some alkaloids which repel the insects and
pathogens from attacking the stored food. Storing food grains along with Neem leaves repels the
insects attacking the food grains (Fig. 11.2).

Fig. (11.2) Use of neem leaves to store grain
The growing accumulation of experience demonstrates that neem products work by
intervening at several stages of an insect's life. The ingredients from this tree approximate the
shape and structure of hormones vital to the lives of insects (not to mention some other
invertebrates and even some microbes). The bodies of these insects absorb the neem compounds
as if they were the real hormones, but this only blocks their endocrine systems. The resulting
deep-seated behavioral and physiological aberrations leave the insects so confused in brain and
body that they cannot reproduce and their populations plummet.
Increasingly, approaches of this kind are seen as desirable methods of pest control: pests
don't have to be killed instantly if their populations can be incapacitated in ways that are
harmless to people and the planet as a whole. In the1990s this is particularly important: many
synthetic pesticides are being withdrawn, few replacements are being registered, and rising
numbers of insects are developing resistance to the shrinking number of remaining chemical
controls.
The precise effects of the various neem-tree extracts on a given insect species are often
difficult to pinpoint. Neem's complexity of ingredients and its mixed modes of action vastly
complicate clarification. Moreover, the studies to date are hard to compare because they have
used differing test insects, dosages, and formulations. Further, the materials used in various tests
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have often been handled and stored differently, taken from differing parts of the tree, or
produced under different environmental conditions.
But, for all the uncertainty over details, various neem extracts are known to act on various insects
in the following ways:


Disrupting or inhibiting the development of eggs, larvae, or pupae;



Blocking the molting of larvae or nymphs;



Disrupting mating and sexual communication;



Repelling larvae and adults;



Deterring females from laying eggs;



Sterilizing adults;



Poisoning larvae and adults;



Deterring feeding;



Blocking the ability to "swallow" (that is, reducing the motility of the gut);



Sending metamorphosis awry at various stages; and



Inhibiting the formation of chitin.

As noted earlier, neem extracts have proved as potent as many commercially available
synthetic pesticides. They are effective against dozens of species of insects at concentrations in
the parts-per-million range.
The compound derived from neem tree (Azadirachta indica) is effective to control broad
range of insects, including storage pests, sucking pests like aphids and mealy bugs and the
caterpillars because it has contact as well as systemic activity. It has broad mode of action like
repellents, insect growth regulators, feeding deterrent, oviposition and chemosterilant. It is one of
the least toxic chemical of the commercially available botanicals based on very low mammalian
toxicity (LD50 of 13,000 mg/kg) and nontoxic to beneficial insects (Fig. 11.3).
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Fig. (11.3) Properties of neem tree
Natural grain protectants
Plant derived products are used as powder formulations or liquid or oil formulations as a
Biopesticides to control insect pests in stored grain (Fig. 11.4).
Multifarious
modes of action
Environment friendly

Biodegradable

Ready availability, cheap
and cost effective

Safe to non-target organism

Neem Biopesticides
No pest resistance,
resurgence and toxic
residues

Compatibility with
pesticides and other pest
management practices

Controls more than 500
insect, nematodes and
fungi

Fig. (11.4) Effect of Neem based Biopesticides
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a). Powder formulations
Yadu et al. (2000) in their studies on evaluation of neem kernel powder, neem leaf
powder, eucalyptus leaf powder, sarifa leaf powder and lantana leaf powder at 1.0 and 2.0 per
cent (w/w) for recording their adverse effects on the development of S. cereaella in stored maize
and paddy, neem kernel powder was found to be the most effective as it registered less grain
damage and adult emergence where as lantana leaf powder was the least effective. They also
observed no seed germination was impaired in any of the powder treatment. Sivasrinivasu (2001)
reported neem kernel powder at 5.0 per cent as effective to register cent percent adult mortality
and no grain weight loss by S. oryzae in stored rice, respectively, at 7 and 90 DAT. Sunil kumar
(2002) reported neem kernel powder at 1.0 per cent as the most effective to inflict low grain
damage over the untreated control, respectively, at 30 and 60 DAT. Kumawat (2009) recorded
no adult emergence, grain damage and weight loss due to R. dominica in the neem powder
treated wheat grains for up to 90-270 DAT. He also recorded no adverse effect of neem powder
on wheat seed germination for up to 270 days. Ileke and Bulus (2012) reported the powders and
extracts of neem and black pepper (Piper guineense) at 5.0, 10.0 and 20.0 per cent (w/w) as the
most effective to cause cent percent mortality of R. dominica on wheat grains during storage
within 4 DAT.
Arya and Tiwari (2013) revealed neem leaf powder, jatropha seed powder, mustard oil,
cow dung powder, cow dung ash powder and cow urine at 2.0 per cent as the effective to
produce highest mortality, low adult emergence, grain damage and weight loss in S.oryzae on
stored wheat. They registered higher seed germination and vigour index in both the treatments.
Kakde et al. (2014) reported minimum adult emergence of R. dominica in wheat grains treated
with neem leaf powder at 2.0 per cent (1.33 adults) followed by dharek leaf powder (2.33 adults).
The grain damage and weight loss they reported was, respectively, as lowest in neem leaf
powder at 2.0 per cent (1.00 and 1.33%) which was followed by dharek leaf powder (6.67 and
1.66%). Mishra and Pandey (2014) reported neem leaf powder at 1.0 per cent (w/w) as the most
effective against S. oryzae based on low grain damage (5.36, 8.43 and 16.02%) and weight loss
(5.36, 7.87 and 13.13%) over the untreated control with high grain damage (9.20, 18.55 and
29.60%) and weight loss (8.72, 14.40 and 20.99%) in stored wheat, respectively, at 30, 60 and 90
DAT. They also recorded higher seed germination (87.50, 85.00 and 81.00%) in neem treated
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samples over the untreated control (92.00, 71.25 and 54.37%), respectively, at 30, 60 and 90
DAT.
b). Oil formulations
Reddy et al. (1999) applied four different plant oils viz., neem, karanj, mohua and
palmolein (Elaeis guineensis) at 0.5 and 1.0 per cent (v/w) against C. chinensis on green gram
and found neem oil at 1.0 per cent as the most effective based on its reduced oviposition rate and
adult emergence followed by palmolein, karanj and mohua oils. These oils were also reported to
cause a significant reduction in oviposition and adult emergence. Rahman et al. (2008) evaluated
leaf powders and extracts of Nishinda (Vitex negunda), eucalyptus, Bankalmi (Ipomoea sp.), ash
of babla wood (Acacia arabica), neem oil, sesame and safflower against S. granarius on stored
wheat and revealed neem oil at 0.25-1.0 per cent as most effective on the basis of reduced insect
infestation, adult emergence, grain damage, weight loss and increased inhibition rate.
Yadav et al. (2008) evaluated different plant oils viz., neem, castor, karanj, lemongrass
and eucalyptus oils at 0.1, 0.5 and 1.0 per cent (v/w) against S. oryzae in stored wheat and they
reported neem, karanj, clove and lemongrass oils at 1.0 per cent as the most effective due to
reduced fecundity, adult emergence, longevity, grain damage, weight loss and prolonged
developmental period. Lal and Raj (2012) in their studies revealed neem, eucalyptus, sunflower
and castor oil at 0.1 and 0.3 per cent (v/w) as safest and most effective to minimize the incidence
of C. maculatus on pigeon pea based on its reduced fecundity, adult emergence and delayed
development. However, their investigations registered no adverse effect on seed germination for
up to 120 DAT.
Kumawat and Naga (2013) reported low adult emergence of R. dominica in neem oil (4.7,
0.0 and 0.0 adults) followed by castor oil (7.3, 6.7 and 0.0 adults) and eucalyptus oil (13.3, 9.3
and 5.0 adults), respectively, at 0.1, 0.5 and 1.0 per cent over the untreated control (34.0%), low
grain damage in neem oil (15.7, 9.3 and 0.0%) was followed by castor oil (23.3, 20.7 and 0.0 %)
and eucalyptus oil (38.3, 18.0 and 9.7%) over the untreated control (86.0%), and weight loss in
neem oil (4.9, 7.3,0.0%) followed by castor oil (7.3, 7.3, 0.0%) and eucalyptus oil (9.5, 5.0,
2.7%), respectively over untreated control (32.0%) at 90 DAT. They also observed no adverse
effect of these plant oils on the seed viability for up to 270 DAT. Singh et al. (2016) reported
neem oil at 0.20 per cent as highly effective based on lowest adult emergence (22.58 adults/100g
grain sample), grain damage (4.79%), weight loss (2.60%) and maximum inhibition rate
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(88.92%) followed by eucalyptus oil (32.75 adults, 6.37 and 3.48%) and castor oil (36.50 adults,
7.53 and 4.18%) over the untreated control with highest adult emergence (146.30 adults), grain
damage (28.58%) and weight loss (18.39%). Their studies also revealed neem, eucalyptus and
castor to have no adverse effects on seed viability for up to 120 DAT.
Traditional uses of neem during grain storage in different countries
It has been an age-old practice in India to mix dried neem leaves with grains meant for storage.
The practice of mixing neem materials with stored products became rooted as part of traditional
wisdom and culture. Pruthi and Singh (1944) recorded that neem leaves were spread in 5-7
inches thick layers in grains and neem fruits were crushed on the inner surfaces of grain
containers. Mixing of neem leaves (2-5%) with wheat, rice, or other grains is even now practised
in many villages in India and Pakistan. Other common practices include mixing of neem leaf
paste with the mud that is used for making earthen bins and overnight soaking of gunny bags in
boiled neem leaf extract (2-10%), which are then used for storing grain.
The traditional uses of neem may differ in different regions or with farmers of different
cultural backgrounds. For example in southern Sind, Pakistan, farmers mix dried neem leaves
with grains stored in jute sacks, or they apply crushed neem leaves on the inner surfaces of mud
bins before filling them with grains (Jilani and Amir, 1987). In central Sind, where “palli” (a
giant basket) made of plant materials is a common storage structure, crushed neem leaves mixed
with mud are used as plaster for its inner sidewalls and top. In southern Punjab, Pakistan, neem
leaf extract is sprinkled on wheat straw packed at the bottom of “palli” 2 to 3 days before filling
with grain. A survey of various types of on-farm storage practices revealed that a combination of
two or three control measures, including the use of neem leaves, was used by 29% of the farmers
in Punjab and 47% of the farmers in Sind (Borsdorf et al., 1983).
In Sri Lanka, farmers’ burn neem leaves to generate smoke for fumigation against insect
pests that attack stored paddy and pulses (Ranasinghe, 1984). Also, chopped green leaves are
kept over the heap of paddy in a container; as leaves dry up, they are replaced periodically.
Ahmed and Koppel (1987) conducted a survey of post-harvest control practices of 145 farmers in
11 districts of six provinces in India. They found that 30-60% of the farmers stored wheat, rice,
sorghum, and millet, used 4-10% neem leaves (wt/wt) for protection. The grain was stored in
large, open straw baskets or in jute bags. In Ghana, cacao beans mixed with 8% neem leaves
remained free from attack by Ephestia cautella up to 9 months in storage (Fry, 1938).
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In Nigeria, the traditional use of neem for protecting stored grains is well-documented
(Bugundu, 1970; Giles 1944; Prevett 1962). The traditional use of neem materials simply
emerged from experience and understanding that relatively less damage occurred in the treated
stored commodity than when stored without neem. Little consideration was given to the large
quantities of neem material needed for affording protection because of the ubiquity of neem tree
in villages and on homesteads. The characteristic garlicky odor of neem materials permeating the
closed storage environment presumably repelled insects and bitter compounds in neem materials
mixed with the stored grain discouraged insect feeding. Probably, the oil present in neem seed or
kernel also discouraged egg deposition on grains, particularly on leguminous seeds. There could
also be other less visible but significant effects of neem on behavior and physiology of stored
product pests.
The damage grain reduced the market value, the percentage of germination, the weight
and the nutritional value. That is why in Africa, effective and cheap methods are needed to
reduce the damage caused by S. zeamais and so, to reduce food insecurity. Infestation control of
stored grains pests is primarily achieved by the use of synthetic chemical insecticides. However,
due to environmental concerns and human health hazards of chemical insecticides, plant
materials with insecticidal properties remain one of the most important locally available,
biodegradable and inexpensive methods for the control of pests of stored products (Isman, 2006).
Azadirachtin, the active insecticidal ingredient of Azadirachta indica (Meliaceae) is found to be
an environment-friendly pesticide and has many desirable properties. It is also selective with
short persistence, toxic to target pests, has minimal toxicity to non-target and beneficial
organisms and caused less damage to the ecosystem (Schmutterer, 1990).
The knowledge of the high potency of azadirachtin against a wide variety of crop pests
has now resulted in the development of many commercial neem formulations (CNFs) such as
Nimbecidine, Econeem Plus, Soluneem, Limonool, Neemgold, Fortune Aza, NeemAzal TM-F,
Margocide-OK, Neemark, Neem Oil Emulsion, Neem Plus, Neemrich, Neemosan, Neemta 2100,
Nimlin, Margosan-O, Bioneem, Suneem. They provided two great advantages. Firstly, the fragile
natural resource, azadirachtin, is highly unstable in the seeds and the potency of the seeds is lost
exponentially upon storage.
Secondly, CNFs provide an avenue to conserve this resource by reducing the rate of loss
of azadirachtin in many folds (Kumar et al., 2003). Hence, it is important to generate further
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information on the biochemical effect of azadirachtin and its commercial insecticides. The
objective of this study was to evaluate the efficacy of NeemPro® against the maize weevil on
three maize varieties in the laboratory. This formulation protected stored bambara groundnut
against the infestation of Callosobruchus maculatus F. (Coleoptera: Chrysomelidae: Bruchinae)
in the Adamawa region of Cameroon (Nukenine et al. 2013). However, this is the first report of
the same product in the protection of stored grains of three maize varieties, the most cultivated
ones in Cameroon, against the infestation of S. zeamais.
Stored products preservation, but the amounts of pesticide needed could be reduced,
thereby decreasing the pesticide load in food grains. Neem materials, in spite of possessing
broad-spectrum activity against pests of stored products, are generally not hazardous to
beneficial organisms, such as predators and parasitoids, and, with proper timing and innovative
methods of application, their use could be integrated in stored product pest management. With
increased interest in the biological control of stored product pests, this aspect merits investigation
and evaluation.
The neem tree thrives on waste and marginal lands. Unlike pyrethrum (which requires
careful cultivation), neem, once established, becomes a perennial source of pest control materials
and other useful products. Despite the setback to the traditional pest control uses of neem due to
the advent and popularization of synthetic insecticides, new interest in the pest control potential
of neem has grown worldwide since the past decade. However, if full benefits are to be achieved,
then further patronage is needed from governments, policy makers, administrators, public and
private organizations, national and international programs, and the donor community. The neem
tree can provide an inexpensive integrated pest management (IPM) resource for farmers, the raw
material for small rural enterprises, or the development of neem-based industries. The neem tree
can provide an inexpensive integrated pest management (IPM) resource for farmers, the raw
material for small rural enterprises, or the development of neem-based industries. Neem oil has
also been found effective @ 2-5 ml/kg to prevent insect activities.
Insect repellents
These chemicals offer protection of stored grains or food commodities from infestation of
insect pests with minimal environmental impact through stimulation of olfactory or other
receptors. Zanno et al. (1975) attributed insect repellent and anti-feedant actions of neem due to
presence of triterpenoid azadirachtin and other related compounds. The neem oil at 0.1 per cent
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caused effective repellent effect against T. confusum on stored corn. Banarjee and Nigam, (1985)
also reported the repellent activity of neem leaf powder in various stored grain pests. Mohiuddin
et al. (1987) while testing twelve vegetable oils for toxic and repellent effects against T.
castaneum reported neem oil at 0.25 per cent as more effective to produce the highest repellency
(80.1-100 %) at 60 days after treatment. Khatre et al. (1993) in their investigations showed that
the treatments with neem, castor and karanj were highly effective as they registered significant
repellent action on the adult fecundity of pulse beetle. The plant derived extracts, powders, and
essential oils were reported as repellent against stored grain insect pests like C. maculates and T.
castaneum (Xie et al., 1995; Owusu, 2001; Boeke et. al., 2004). Wong et al. (2005) compared
various plant products viz., citronella, garlic oil, neem extract, pine oil and pyrethrum for their
repellent effects against stored insect pests and found all the products to give positive results.
Plant derived repellents are environmentally safe, ecofriendly, effective for pest control, less
pesticide residue (Maia and Moore, 2011).
Feeding deterrents
The chemicals that are responsible for inhibit feeding or disrupt insect feeding by
rendering the treated

materials

unattractive or unpalatable are

called as

feeding

deterrents/antifeedants. Ambika Devi and Mohandas (1982) found neem extract at 1.0 and 0.5
per cent, neem and coconut oils at 1.0 per cent highly effective to provide more protection
against R. dominica for up to 180 DAT. A few natural feeding deterrents, which have been
characterized, include glycosides of steroidal alkaloids, aromatic steroids, hydroxylated steroid
meliantriol, triterpene hemiacetal, and others (Talukder and Howse, 2000). Khan and Marwat
(2002) tested the deterrent effects of leaf, seed and bark powder of neem and oleander (Nerium
oleander) against R. dominica where neem leaves and seeds was found as best to register a
highest per cent mortality in the storage insect pests.
Neem as fumigant
Neem fumigants are eco-friendly, do not harm other micro organisms, are non toxic, and
do not contaminate environment. Neem tree has been used against household, storage pests and
crop pests. Neem pest fumigant is available in gaseous state and is used as a pesticide and
disinfectant. It is being used by a large number of countries on a commercial basis by farmers
and agriculturists. This 100% natural product is being exported as it is non toxic and does not
affect the environment. It assumes more importance in developing countries where millions of
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deaths are reported every year due to the accidental intake of synthetic pest fumigants. This
natural fumigant not only kills stored grain pests but also affects them negatively by acting as
feeding and oviposition deterrence, mating disruption, inhibition of growth etc. According to
studies undertaken, neem fumigant helps to protect stored rice grains from pests. One of the
major benefits of this organic fumigant is that pests do not develop resistance to it. So, there are
no negative after effects, are relatively less expensive, are pest repellent and nourish the soil and
function as pest reproduction controller.
Neem as Protectant
The neem plant contains Azadirachtin that is an effective grain protectant to control the
insect pest infestation. These chemicals offer protection of stored grains or food commodities
from infestation of insect pests with minimal environmental impact through stimulation of
olfactory or other receptors. Pereira and Wohlgemuth (1982) reported neem kernel powder at 2.0
per cent (v/w) as the most effective grain protectant against S. oryzae, T. castaneum, R. dominica
and pulse beetle, Callosobruchus chinensis (Linnaeus).
Future Prospects and conclusion
Although the use of synthetic pesticides lasts to be the chief method of controlling stored
products insect pests. But now a days neem materials, such as leaves, seed or kernel powder, and
oil can be used economically to achieve acceptable levels of pest control in villages and rural
areas in developing countries, where neem is widespread. Neem materials, having insect
repellent, antifeedant, and insect growth and development inhibitory properties is a novel
approach to the management of stored products pests. This approach can be quite practical and
preferable over other methods, such as fumigation, which lose effectiveness after some time,
leaving the stored commodity vulnerable to re-infestation.
A promising method for preserving stored products in villages and rural areas, which do
not have access to modern storage facilities, may be encouraged to use of neem-treated storage
bags or bins. And, if grain fumigation is practiced, then the problem of re-infestation during
long-term storage can be overcome by integrating fumigation with bag treatment or grain
treatment with neem oil, extract, or powder. Such treatments are safe and suited for grain
protection by resource limited farmers in developing countries. The use of dried neem leaves or
leaf powder would not need any standardization, except probably ensuring the minimum
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effective quantity required for mixing with grain. The azadirachtin, the principal bioactive
ingredient in neem, is heat sensitive, cold processing technology for neem seed would be needed.
Neem oil obtained by cold processing of seed is light in color and rich in azadirachtin
(>2,000 ppm) (Ramakrishna et al., 1993). Oil, thus obtained, could be standardized for chemical
properties and ingredients, biological activity, and its efficacy stabilized and further enhanced by
the addition of stabilizers, antioxidants, synergists, compatible plant products with pest control
properties (e.g. pyrethrins), or even synthetic insecticides. Also, improved methods of
application, e.g., mechanical mixers for uniformand bulk coating of oil on grain, use of slow
release dispensers/sachets which could be placed at different depths in storage structures, bins or
bags, could be devised for ensuring and enhancing efficacy. Beside the excellent track record of
neem seed as non-toxic, non-hazardous pest control material, especially suited for post-harvest
management, the use of neem has other fringe benefits such as the inhibition of production of
aflatoxins, which can grow in some food.
Zeringue and Bhatnagar (1996) reported that nonvolatile, somewhat heat labile
constituents in neem leaf extract, when added to fungal growth medium before inoculation,
blocked aflatoxin biosynthesis in Aspergillus flavus and A. parasiticus. Practical applications of
this finding may eliminate pre-harvest contamination of crops with aflatoxins. Definitely, neem
treatments, comprising the use of leaves, seed/kernel powder, extracts, and even bioactive
principles, cannot replace completely chemical pesticides used in stored products preservation,
but the amounts of pesticide needed could be reduced, thereby decreasing the pesticide load in
food grains. Neem materials, in spite of possessing broad-spectrum activity against pests of
stored products, are generally not hazardous to beneficial organisms, such as predators and
parasitoids and with proper timing and innovative methods of application, their use could be
integrated in stored product pest management. With increased interest in the biological control of
stored product pests, this aspect merits investigation and evaluation.
The neem tree thrives on waste and marginal lands. Unlike pyrethrum (which requires
careful cultivation), neem, once established, becomes a perennial source of pest control materials
and other useful products. Despite the setback to the traditional pest control uses of neem due to
the advent and popularization of synthetic insecticides, new interest in the pest control potential
of neem has grown worldwide since the past decade. However, if full benefits are to be achieved,
then further patronage is needed from governments, policy makers, administrators, public and
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private organizations, national and international programs, and the donor community. Collecting
and processing of neem seed and foliage will have to be undertaken on an organized scale. For
example, in India, in spite of the growing demand, neem seed collection is barely 25% of the
total produce. Also, more trees will have to be grown to ensure availability around the year of the
raw material. The complexity of the azadirachtin molecule will preclude its economic synthesis
in the near future. So, neem seed will be the basic material needed for the production of neem
based pesticides, enriched formulations, or plain seed powder or oil. There is every reason to
believe that the use of neem materials for pest control will increase both in developing as well as
developed countries. But as far as stored product pests are concerned, with increased use of neem
materials the possibility of selection of tolerant pest species or strains cannot be negated.
Already, species such as O. surinamensis and O. acuminatus have been reported to survive on
old neem kernels (Sarup and Srivastava, 1971). Studies of averting such a possibility would
prolong the useful life of neem materials in stored product management.
References
Ahmad, A., Ahmad, M., Mehmood, N.Q., Muhammad, A. and Arif, S. (2013). Monitoring of
resistance against phosphine in stored grain insect pests in Sindh. Middle-East Journal of
Scientific Research, 6: 1501-1507.
Ahmed, S. and B. Koppel, (1987). Use of neem and other botanical materials for pest control by
farmers in India: summary of findings, pp. 623-626. In: (H. Schmutterer and KR.S.
Ascher, eds.) Natural Pesticides from the Neem Tree (Azadirachta indica A. Juss) and
Other Tropical Plants. Proc. 3rd Int. Neem Conf., Nairobi, Kenya,
Ahmedani, M.S., Haque, M.I., Afzal, S.N., Naeem, M., Hussain, T. and Naz, S. (2011).
Quantitative losses and physical damage caused to wheat kernel (Triticum aestivum
Linnaeus) by Khapra beetle infestation. Pakistan Journal of Botany 43: 659-668.
Alleoni, B. and Ferreira, W. (2006). Control of Sitophilus zeamais Motschulsky and Sitophilus
oryzae Linnaeus weevils (Coleoptera: Curculionidae) in stored wheat (Triticum aestivum
Linnaeus) with insecticide pirimiphos methyl (Actellic 500 ce). In: Proceedings
International Work Conference of Stored Product Protection. 1242PS10-18- 6193.
Ambika Devi, D. and Mohandas, N. (1982). Relative efficacy of some antifeedants and
deterrents against insect pests of stored paddy. Entomonograph, 7: 261-264.

172

Anon. (1989). Implementation Phase of the Project. 2nd Annu. Rep. (ICIPE/UNECA, Mar 1988
- Feb 1989).
Arya, M. and Tiwari, R. (2013). Efficacy of plant and animal origin bio-products against lesser
grain borer, Rhyzopertha dominica (Fabricius) in stored wheat. International Journal of
Recent Scientific Research, 4: 649-653.
Banarjee, G.M. and Nigam, S.K. (1985). Role of indigenous plant materials in pest control.
Pesticides, 19: 33-38.
Bekon, K.A. and Fleurat-Lessard, F. (1992). Assessment of dry matter loss and frass production
in cereal grain due to successive attack by Sitophilus oryzae (Linnaeus) and Tribolium
castaneum (Herbst). Insect Science Application, 13: 129-136.
Benezet, H. and C.W. Helms. (1994). Methoprene resistance in the cigarette beetle, Lasioderma
serricorne (F.) (Coleoptera: Anobiidae) from tobacco storages in the southeastern United
States. Resistant Pest Management, 6: 17-19.
Boeke, S.J., Baumgart, I.R., Van Loon, J.J.A., Van Huis, A., Dicke, M., Kossou, D.K. (2004).
Toxicity and repellence of African plants traditionally used for the protection of stored
cowpea against Callosobruchus maculatus. Journal of Stored Products Research, 40:
423-438.
Borsdorf, R., K. Foster, W. Huyser, J. Pedersen, H. Pfost, H. Stevens and Wright, V. (1983).
Post-harvest management project design in Pakistan. Food and Feed Grain Inst. Rep. No.
91, Manhattan, 91 pp.
Bugundu, L.M. (1970). The storage of farm products by farmers in my village. Samaru Agric.
Newsl. 12: 2.
Champ, B.R. (1985). Occurrence of resistance to pesticides in grain storage pests. In: Pesticides
and Humid Tropical Grain Storage System, B R Champ and E Highly (Eds.) Proceedings
of International Seminar, Manila 1985. Canberra ACIAR Proceedings, 14: 225-229.
Champ, B.R. and C.E. Dyte. (1976). Report of the FAO global survey of pesticide susceptibility
of stored grain pests. FAO Plant Prod. Prot. Ser. No. 5, FAO, Rome.
Dichter, D. (1976). The stealthy thief. Ceres (FAO Review) 9: 51-53, 55.
Fishwick, F.B. (1988). Pesticide residues in grain arising from post-harvest treatments. Aspects
Applied Biology, 17: 37-46.
Fry, J.S. (1938). Neem leaves as an insecticide. Gold Coast Farmer 6: 190.
173

Georghiou, G.P. (1990). Overview of insecticide resistance. In: Managing Resistance to
Agrochemicals: From Fundamental Research to Practical Strategies, M. B. Green, H. M.
Lebaron, and W. K. Moberg (Eds.) ACS Symposium Series, American Chemical Society,
Washington, DC, USA. 421:19-41.
Giles, P.H. (1944). The storage of cereals by farmers in Northern Nigeria. Trop. Agric. 41: 197.
Girish, G.K., Tripathi, B.P., Temer, R.P.S. and Krishnamurty, R. (1975). Studies on the
assessment of losses- IV. Conventional grain storage practices and losses in rural area in
Uttar Prudish. Bulletin of Grain Technology, 12: 199- 210.
Hafiz, A. and Hussain. (1961). Good seed storage reduces losses and increase production.
Agriculture Pakistan, 12: 368- 385.
Ileke, K.D. and Bulus, D.S. (2012). Response of lesser grain borer, Rhyzopertha dominica
(Fabricius) (Coleoptera: Bostrichidae) to powders and extracts of Azadirachta indica
(Adrien-Henri de Jussieu) and Piper guineense (Seeds). Jordan Journal of Biological
Science, 5: 315-320.
Isman, M.B. (2006). Botanical insecticides, deterrents, and repellents in modern agriculture and
an increasingly regulated world. Annual Review of Entomology, 51: 45-66.
Jilani, G. and Amir, P. (1987). Economics of neem in reducing wheat storage losses: policy
implications. Tech. Bull. 2., Southeast Asian Reg. Center for Grad. Study and Res. in
Agric., Philippines, 15 pp.
Jovanovic, Z., Kostic, M. and Popovic, Z. (2007). Grain-protective properties of herbal extracts
against the bean weevil Acanthoscelides obtectus Say. Industrial Crops and Products,
26: 100-104.
Kakde, S.P., Dhonde, S.V., Sarda, A.L., Khillare, P.W. and Deshwal, H.L. (2014). Screening of
wheat varieties and eco-friendly management of Rhyzopertha dominica (Fabricius) on
wheat. Plant Archives, 431-437.
Khan, S.M. and Kulachi, I.R. (2002). Assessment of post-harvest wheat losses in D.I. Khan.
Asian Journal of Plant Science, 1: 103-106.
Khan, S.M. and Marwat, A.A. (2002). Deterrent/ Repellent effect of different plant parts of neem
and kanair against lesser grain borer, Rhyzopertha Dominica (Fabricius). Pakistan
Entomologist, 25: 131-136.

174

Khatre, V.M., Kachare, B.V. and Mote, U.N. (1993). Effect of vegetable oils on mortality of
pulse beetle in pigeonpea seeds. Seed Research, 21: 78-81.
Koura, A. and Holfany, M.A. (1974). Weight losses in stored grain caused by insect infestation.
Bulletin of the Entolomological Society of Egypt, 56: 413-417.
Kumar, A.R.V., Jayadevi, H.C., Ashoka, H.J. and Chandrashekara, K. (2003). Azadirachtin use
efficiency in commercial neem formulations. Journal Current Science, 84: 1459–64.
Kumawat, K.C. and Naga, B.L. (2013). Effect of plant oils on the infestation of Rhyzopertha
dominica (Fabricius) in wheat, Triticum aestivum (Linn.). Journal of Plant Protection
Research, 53: 301-304.
Kumawat, K.C. (2009). Efficacy of plant products against lesser grain borer, Rhyzopertha
dominica (Fabricius) in stored wheat, Triticum aestivum (Linnaeus). Journal of Insect
Science, 22: 448-452.
Lal, D. and Raj, D.V. (2012). Efficacy of application of four vegetable oils as grain protectant
against the growth and development of Callosobruchus maculatus and on its damage.
Advances in Bioresearch, 3: 55-59.
Lal, S. (1988). Saving grain after harvest, pp. 246-248. In (G. Kasturi, ed.) The Hindu Survey of
Indian Agriculture - National Press, Madras, India.
Leelaja, B., Rajashekar, Vanitha Reddy, P., Begum, K. and Rajendran, S. (2007). Enhanced
fumigant toxicity of allyl acetate to stored-product beetles in the presence of carbon
dioxide. Journal of Stored Products Research, 43: 45-48.
Levinson, Z.H. and Levinson, A.R. (1985). Storage and insect species of stored grains and tombs
in ancient. Egypt. Z. Angew. Entomology 100: 321-339.
Lu, J. and Wu, S.H. (2010). Bioactivity of essential oil from Ailanthus altissima bark against 4
major stored-grain insects. African Journal of Microbiology Research, 4: 154-157.
Maia, M.F. and Moore, S.J. (2011). Plant-based insect repellents: a review of their efficacy,
development and testing. Malaria Journal, 10: 1-15.
Malagon, M.E. and Trochaz, P.A. (1985). Evaluation of weight loss in stored wheat caused by
lesser grain borer, Rhyzopertha dominica (Fabricius) and observations on its life cycle
under laboratory conditions. Acta Agronomica, 35: 78-90.

175

Mau, Y.S., Collins, P.J., Daglish, G.J., Nayak, M.K. and Elbert, P.R. (2012). The rph2 gene is
responsible for high level resistance to phosphine in independent field strains of
Rhyzopertha dominica. PloS One, 7:e34027.
Mishra, R.C. and Pandey, R.K. (2014). Comparative evaluation of different insecticides against
damage caused by Sitophilus oryzae (Linnaeus) in stored wheat seed. International
Journal of Bioresources Stress Management, 5: 404-408.
Mohammad, M.A. (2000). Effect of the host food on the population density of the confuse flour
beetle (Tribolium confusum Duv). Arabian University Journal of Agricultural Sciences,
8: 413-23.
Mohiuddin, S., Qureshi, R.A., Khan, A., Nasir, M.K.A., Khatri, L.M. and Qureshi, S. (1987).
Laboratory investigations on the repellency of some plant oils to red flour beetle,
Tribolium castaneum Herbst. Pakistan Journal of Scientific and Industrial Research, 30:
754-756.
Muggleton, J. (1987). Insecticide resistance in stored product beetles and its consequences for
their control, pp. 177-186.
Nukenine, E.N., Goudoungou, J.W., Mahama, A. and Adler, C. (2013). Ability of neem seed
powder and NeemPro® to protect stored bambara groundnut against the infestation of
Callosobruchus maculatus F. (Coleoptera: Bruchidae) in the Adamawa region of
Cameroon, The First International Conference on Pesticidal Plants, icipe, Kenya.
Nyambo, B.T. (1993). Postharvest maize and sorghum grain losses in traditional and improved
stores in South Nyanza district, Kenya. International Journal of Pest Management, 39:
181-187.
Owusu, E.O. (2001). Effect of some Ghanaian plant components on control of two storedproduct insect pests of cereals. Journal of Stored Products Research, 37: 85-91.
Pereira, J. and Wohlgemuth, R. (1982). Neem, Azadirachta indica (Adrien-Henri de Jussieu) of
West African origin as a protectant of stored maize. Journal of Applied Entomology, 94:
208-214.
Prevett, P.F. (1962). The reduction of bruchid infestation of cow peas by postharvest storage
methods. Annu. Rept. West African Stored Prod. Res. Unit., Appendix 2.
Pruthi, H.S. and Singh, M. (1944). Stored grain pests and their control. Imperial Council of
Agric. Res., Misc. Bull. No. 57.
176

Rahman, M.A., Taleb, M.A. and Biswas, M.M. (2003). Evaluation of botanical product as grain
protectant against grain weevil, Sitophilus granarius (Linnaeus) on wheat. Asian Journal
of Plant Science, 2: 501-504.
Rajashekar, Y., Gunasekaran, N. and Shivanandappa, T. (2010). Insecticidal activity of the root
extract of Decalepis hamiltonii against stored-product insect pests and its application in
grain protection. Journal of Food Science and Technology, 47: 310-314.
Rajendran, S. and Sriranjini, V. (2008). Plant products as fumigants for stored-product insect
control. Journal of Stored Products Research, 44: 126-135.
Ramakrishna, G., Prasad, N.B.L. and Azeemoddin, G. (1993). Cold-processing of neem seed.
World Neem Conf. Bangalore, India, p. 54.
Ranasinghe, M.A.S.K. (1984). Neem and other promising botanical pest control materials from
Sri Lanka. Proc. Int. Workshop on the Use of Botanical Pesticides. Int. Rice Res. Inst.,
Manila, 15 pp. (mimeo.).
Reddy, M.U., Bharati, S.R. and Reddy, D.D.R. (1999). Efficacy of some vegetable oils as
protectants against the pulse beetle (Callosobruchus chinensis) in green gram (Phaseolus
aureus) during storage. The Indian Journal of Nutrition and Dietetics, 36: 436-442.
Richter, J., Biliwa, A. and Henning-Helbig, S. (1997). Losses and pest infestation in different
maize storage systems with particular emphasis on Prostephanus truncaturs (Horn) (Col.,
Bostrichidae) in Togo. Anz. Schädlingskde., Pflanzenschutz, Umweltschutz 17: 112-116.
Sarup, P. and Srivastava, V.S. (1971). Observations on the damage of neem (Azadirachta indica
A. Juss) seed kernel in storage by various pest and efficacy of the damaged kernel as an
antifeedant against the desert locust, Schistocerca gregaria F. Indian J. Entomol. 33: 228230.
Schmutterer, H. (1990). Properties and potential of natural pesticides from the neem tree,
Azadirachta indica (Adrien-Henri de Jussieu). Annual Review of Entomology, 35: 271297.
Schmutterer, H. (2002). The Neem Tree (Azadirachta indica A. Juss.) and Other Meliaceous
Plants: Sources of Unique Natural Products for Integrated Pest Management, Medicine,
Industry and Other Purposes. Neem Foundation, Mumbai, India, 893 pp.
Semple, R.L. (1990). Postharvest technology: storage development and application in developing
countries, pp. 25-81. In (G.K. Girish and A. Kumar, eds.) Proc. Rural Workshop on
177

Warehouse Management of Stored Foodgrains. Dept. of Ministry of Food and Civil
Supplies, Government of India, FAO, and UNDP, New Delhi, 1990.
Simwat, G.S. and Chahal, B.S. (1984). Effect of different levels of initial infestation of S. oryzae
(Linnaeus), T. granarium (Everts) and T. casteneum (Herbst) on their population build up
and resultant loss of wheat. Bulletin of Grain Technology, 20: 25-31.
Singh, S., Sharma, D.K. and Gill, R.S. (2016). Evaluation of three plant oils for the control of
lesser grain borer, Rhyzopertha dominica (Fabricius) in stored wheat. Journal of Insect
Science, 29: 162-169.
Sivasrinivasu, (2001). Evaluation of indigenous products and boric acid against stored grain
pests. M.Sc. (Agri.) thesis submitted to University of Agricultural Sciences, Dharwad.
Subramanyam, B. and Hagstrum, D.W. (1995). Resistance measurement and management. In:
Integrated Management of Insects in Stored Products, B. Subramanyam and D. W.
Hagstrum (Eds.), Marcel Dekker, New York, NY, USA, 331-397.
Kumar, S. (2002). Survey of indigenous technologies and evaluation of botanicals against major
storage pests. 2003; M.Sc. (Agri.) thesis submitted to University of Agricultural Sciences,
Dharwad.
Talukder, F.A., Islam, M.S., Hossain, M.S., Rahman, M.A. and Alam, M.N. (2004). Toxicity
effects of botanicals and synthetic insecticides on Tribolium castaneum (Herbst) and
Rhyzopertha dominica (F.). Bangladesh Journal of Environmental Science, 10: 365-371.
Taylor, R.W.D. (1994). Methyl bromide – Is there any future for this noteworthy fumigant. J.
Stored Prod. Res. 30: 253-260.
WMO. (1994). Scientific assessment of ozone depletion: Global Ozone Research and Monitoring
Project 37, Genoa, Italy.
Wolpert, V. 1967. Needless losses. Far Eastern Econ. Rev. 55: 411-412.
Wong, K.Y., Signal, F.A., Campion, S.H. and Motion, R.L. (2005). Citronella as an insect
repellent in food packaging. Journal of Agricultural and Food Chemistry, 53: 4633-4636.
Xie, Y.S., Fields, P.G. and Isman, M.B. (1995). Repellency and toxicity of azadirachtin and
neem concentrates to three storedproduct beetles. Journal of Economic Entomology, 88:
1024-1031.
Yadav, J.P., Bhargava, M.C. and Yadav, S.R. (2008). Effect of various plant oils on rice weevil,
Sitophilus oryzae (Linnaeus) in wheat. Indian Journal of Plant Protection, 36: 35- 39.
178

Yadu, Y.K., Saxena, R.C., Dubey, V.K. and Rana, D.K. (2000). Evaluation of certain plant
products against Sitotroga cerealella (Olivier) in stored maize and paddy. Indian Journal
Agricultural Research, 34: 261-263.
Zanno, P.R., Miura, I., Nakanishi, I. and Elder, D.L. (1975). Structure of the insect
phagorepellant azadirachtin: application of partially released fourier transform continuous
wave decoupling carbon-13 NMR. Journal of the American Chemical Society, 97: 19751977.
Zeringue, Jr., and Bhatnagar, D. (1996). Neem and control of aflatoxin contamination, pp. 713727.

179

Chapter- 12
Green Economy and Neem Bio-resources
Dr. V. David Chella Baskar*
Rani Lakshmi Bai Central Agricultural University, Jhansi-284003, Uttar Pradesh
*

Corresponding Authors Email: davidbaskar@gmail.com

Introduction
Azadirachta indica (neem) grows in Southeast and South Asian dry forests and is in the
meliaceae family. Azadirachtin and other ingredients in its seeds have been widely publicized for
their pesticidal properties. As a multipurpose tree, neem can also be used in agroforestry
systems. The tree is between 15 and 20 meters tall. There are many types of soil and climatic
conditions in which it can grow. Despite its versatility, neem prefers soils that are deep and
clayey. Both an acidic and a pH 10 soil are suitable for its growth. Its native temperature range is
between 15 and 45 degrees Celsius. Areas receiving 750-1000 mm of rain annually are optimal
conditions for the growth of neem. It grows from the tropics to an altitude of 1200 meters in
India. Neem seed remains viable for only one month after harvest and must be planted
immediately after harvest. Neem is best established by stump planting. Nimboli (Neem fruit)
yield per year varies from 5 kg in 5th year to 7 kg in 6th year to 10 kg in 7th year to 15 kg in 8th
year to 20 kg in 9th year to 30 kg from 10th year onwards (Shinde and Biswas, 2011). As fruit
production increases from 10 kg/tree (4.0 t/ha) to 40 kg/tree (16.0 t/ha) in the 10th year (wilson,
2005)
Distribution of Neem
It is widespread throughout the country in Uttar Pradesh, Bihar, West Bengal, Orissa,
Delhi, Maharashtra, Gujarat, and Andhra Pradesh and Tamil Nadu. Generally, it is evergreen,
except in dry regions, where it is almost leafless during February-March, but the new leaves
emerge almost immediately. The planting season extends from January to March in southern
parts of the country and later in the north. As a young plant, neem grows very quickly and is a
light demander. Although it is hardy, it is susceptible to frost and cannot withstand excessive
cold, especially during the seedling and sapling stages. According to the Arid Forest Research
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Institute, Jodhpur, all the branches near the base of the neem trees that were undergoing
provenance trials were damaged by frost. In addition to coppicing well and producing root
suckers, it also tolerates pollarding well. At the age of 10–15, plants reach full fruit production
and begin producing fruit. Typically, trees produce between 11 and 50 kg of seeds per year, with
an average of 20.5 kg per year.
The Indian Neem tree produces about 3.5 million tonnes of Kernels annually. Around 7
lakh tonnes of oil might be obtained from these nuts. The annual production in the 1980s was
only 1.5 lakh tonnes. Over the past two decades, Khadi and Village Industries Commission
(KVIC) pioneered various techniques of processing neem fruit and seeds to increase oil
production. Most of the tree borne oil seeds, including neem, must be harvested during the wet
season which makes harvesting neem very difficult in their practice. As a result of the lack of
drying facilities, the fruit and seeds rapidly deteriorate and are contaminated with aflatoxin. To
achieve the best results, the fruits should be depulped immediately, and the seeds should be fully
dried. Depulping, drying, and decorticating neem products have been made popular even in the
most remote villages due to KVIC's outreach program. Various agencies have estimated the sale
and turnover of neem seeds in India. Based on a random survey conducted at major neem seed
markets by independent agencies, 5.5 lakh tonnes of neem seed were sold in 1996 with a
turnover of 137 crores.
Economic Importance
It can be used to make shuttering grade plywood because it peels well. The tree is
cultivated throughout Africa and India for its fuel wood. The seeds yield oil with a strong garliclike smell and are known as "margosa" oil. It is said to heal bleeding gums and cure pyrrohoea
when applied to the mouth through toothpastes and mouthwash. Scabies, burns, and various
types of skin diseases can also be treated with the compound. Insect repellent and fertilizer can
be made from the neem seed cake, which is left over after the oil is extracted. Sulphur is the most
abundant component of it.
Pesticides and insecticides can be obtained from Neem. It has already been found that
350 species of insect pests, 18 species of nematodes, and an equal number of fungi are
susceptible to the "neem effect." Various studies have found that neem extracts influence insect
behaviour, such as feeding deterrents, growth disruptors, repellents, ovipositional deterrents, and
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are insecticides. As well as influencing egg production and hatchability in insects, these extracts
may also impair egg hatchability.
Agricultural, veterinary, cosmetic, medicine, toiletry, and various industries can now
benefit from the Neem tree because of its wide range of commercialization. In the cosmetics and
beauty industry, Neem has become a popular ingredient. Several companies now produce
cosmetics utilizing Neem products (Neem oil and leaves) such as facial creams, nail polishes,
nail oils, shampoos, conditioners, etc. As more and more people discover the benefits of Neem,
the demand for its products increases. Increasingly, the neem products are being consumed by
the agriculture sector. In organic farming all over the world, neem manure and pesticide are
preferred since they are eco-friendly and contain natural Phyto-chemicals and nutrients. To
minimize nitrogen losses, coating urea with Neem products has been prioritized. Indian fertilizer
firms are now allowed to produce 100% organic fertilizers. Neither neem alone nor neem used in
addition to Bt or conventional synthetic insecticides-controlled bollworms, according to the
researchers. The population of whiteflies did not increase, however the Synthetic pyrethroid as
an alternative to conventional insecticides proved equally as effective in controlling bollworm
complexes without resurgence of whiteflies. Another attempt, Nico Orgo Manures, Dakor,
Gujarat, is testing a neem limonoid based stored grain protectant in the form of tablets called
nicobar.
These studies showed satisfactory control of bollworms and cotton yield response when
neem, Bt, and 84 percent reduction in synthetic pyrethroid rates were used. The tablets contain
10 mg of azadirachtin along with other bioactive ingredients including nimbin and nimbidin, as
well as calcium carbonate, which the company describes as inert. It takes five tablets to treat 50
kg of grain that has just been harvested. Nicobar has repellent, antifeedant, and growthdisrupting properties that allow it to control the growth of many stored pests, such as pulse
beetles, grain borers, weevils, and khapra beetles. A third India-based company, Fortune BioTech Limited, has announced it will export neem-based products in the upcoming year. There
has been financial support for the project. The company has planned to export 80 percent of its
production to countries such as the United States, Mexico, Spain, Italy, South America, Canada,
Thailand, and Israel. This company will be the first in the country to export azadirachtin-based
botanical pesticides that are insect repellent, antifeedant and insect growth regulators globally.
Neem in reforestation
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It is also becoming popular in Tropical America, Middle east countries, and Australia.
Neem is a very valuable forestry species in India and Africa, it is ideal for reforestation programs
and for rehabilitating degraded, semiarid and arid lands. During a severe drought in southern
parts of India in June-July 1987, it was evident that neem grew luxuriantly, while other
vegetation dried up. Neem can be used as a windbreak and in areas with low precipitation and
strong winds. Neem has been used for halting Sahara Desert expansion in countries such as
Somalia and Mauritiania. A silvipastoral system involving grasses and legumes is an excellent
application of Neem trees. The neem tree can be lopped so that it can be used as fodder and
mulch and has the benefit of decreasing shade. Recent advances in tissue culture and
biotechnology will allow for the selection of neem phenotypes with desirable stature and height
for intercropping and various agroforestry systems. There needs to be further study on the
allelopathic effects of neem on plants.
Market Potential for Neem
The market for neem extracts in India will continue to grow in the next few years due to
neem's large production and the growing interest in healthier and herbal products in the country.
The Indian market for neem extract consists of three major application segments: animal
products, health and personal care, and agriculture. Agriculture enjoys the largest market share.
Based on product type, the neem extract market can be divided into leaf extract, bark extract, and
seed extract, with seed extract generating the most revenue in recent years. There are three types
of bio-pesticides in India that use Neem extract: bioherbicides, bioinsecticides, and bio
fungicides (Fig. 12.1). Various household pesticides use neem extracts as pesticides, including
those aimed at gardening. In addition to Dabur, Patanjali, Baidyanath, and Zandu, some of the
largest ayurvedic companies are also making use of neem extracts in India. The agricultural
sector of the market consumes the most neem extract products based on fertilizers. Pesticides
such as neem extract are also widely used in India at concentrations between 300 and 1,500 parts
per million (PPM). Personal care applications of neem extract are more popular than those for
nutraceuticals. It is highly produced and exported in India because of the medicinal benefits it
provides. The Indian neem extract market has seen a number of mergers and acquisitions in
recent years.
According to industry analysts, the India neem extract market will grow at a robust rate
from FY2023 to FY2027. Increasing demand for organic and herbal products is expected to drive
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the growth of the market. Neem extract is derived from the seeds, leaves, and barks of the neem
tree. In addition to cosmetics and pharmaceutical products, they can be found in agricultural
products. There has been a great in demands for neem extract pharmaceuticals and neem extract
cosmetics like face packs, face washes, scrubs, acne-fighting masks, body washes, soaps, etc. As
well as in cleaning appliances, neem extracts are incorporated to ensure a thorough clean and
fresh fragrance, such as floor cleaning detergents, dishwashing soaps, laundry detergents etc.
These factors are supporting the India neem extracts market for the next five years. The
expansion the market size will have corelation with the export value in terms of mutual increase
in volume and value of neem extract products.

Fig. (12.1) Market size of Neem Extract by Values (Source: Techsci Research 2020)
Environment and neem
Neem compared to other species is well adapted to stress conditions Kumar, et al (2002).
It is well known to increase soil nutrient and water holding capacity. Therefore, the more
extensive plantation of neem trees will contribute to combating desertification, deforestation, soil
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erosion and reducing excessive global warming (Sateesh, 1998). The high rate of photosynthesis
and liberates more oxygen than many other tree species, thus purifying the atmosphere by neem
extract plays a significant role in the ecological perspectives Nigam 1994.
A full-grown neem tree functions more efficiently and economically than 10 air
conditioners operating together in hot summer months along the northern Indian subcontinent.
Using neem as an environmental panacea can also restore the health of degraded soils and allow
for the ultimate use of reclaimed wastelands. Trees not only provide grandeur and tranquillity,
but also provide shelter for many different types of animals, such as bats, birds, honeybees,
spiders, etc. There is no infestation of galleria wax moths on honeycombs made from the neem
tree. The sweet flesh of ripe fruits is consumed by many bird species and fruit-eating bats, and
rodents selectively eat the kernel, proving neem's safety to warm-blooded animals as well. In
spite of limited knowledge of the tree's mycorrhizal association with bacteria and fungi, the tree
appears to be a living in a micro ecosystem. Perennial evergreen trees can survive for more than
200 years if it is left without cut. According to conservative estimates of the tree's 'environmental
service' at US $10 per month, it would cost US $24,000 to $36,000 in its lifetime. The economic
benefits of neem, such as biomass production, timber production, seed and honey production, are
more tangible and quantifiable.
Contribution to green economy
Aside from the medicinal plants obtainable from forests, the Neem tree may be the only
one among all the forest produce that has the potential to yield several products that can be
exported. It is for this reason that developed countries like the U.S., Japan, Germany, France and
the Netherlands, which do not possess much Neem wealth, have developed special research
laboratories solely focused on Neem. We have a wealth of Neem trees in India, but our research
on Neem hasn't been started in a systematic fashion except for some sporadic research in a few
labs which are to be done extensively on large scale.
Table (12.1) Export value of neem leaves market
Country

2019 (Values in million dollars)

2020 (Values in million dollars)

World

285

347.3

USA

86.2

111.8

Germany

32.4

45.2

Vietnam

19.5

18
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Italy

14.6

14.5

China

13.2

22.9

UK

8.9

11.5

Bangladesh

7.7

12.5

France

6.4

4.3

Pakistan

6.1

6.3

Source: Tridge market Intelligence data (2021)
For a country like India, there is vast and geographically diverse, there are many issues
and challenges which are to be are addressed at the regional level with the support and
supervision of the central government. The potential of neem leaves dad proven a positive
significance it terms of export value when compared to 2019. The major importing countries like
USA Germany Vietnam have been witnessing a drastic change over in the export value potential
as far as neem is concerned (Table 12.1). Each state must understand their export opportunities
and develop the proper infrastructure so as to support the economy in achieving a double-digit
growth to surge the country ahead.
Conclusion
The tree has been referred to as a potential export item, but not much attention has been
paid to its improvement, especially on per kg of Azadirachtin component. In India, The
cultivation of Neem cultivation needs to fasten up with available possible technologies. It has
been possible to establish a few plantations from time to time. Neem seeds are collected from
trees by the unorganized sector from whichever are available. The government must conduct
coordinated research on all aspects of the tree and its products through institutions like ICFRE,
ICAR, Agricultural Universities, and non-governmental organizations, to reap the benefits from
the huge export market for the tree. The implementation of neem tree plantation programme
needs to done extensively in areas of possible tree growth. The combinational effect of tree crop
with environmental components enriches the whole ecosystem for a place of secured living.
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Introduction
Neem, Azadirachta indica is native to the arid regions of the Indian sub continent, where
it grows to 12-24 m high at altitudes between 50 and 100 m with 130 mm of sufficient rainfall
per annum for its normal growth. In India, neem is known for its use and is more utilized in rice
cultivation. Neem is also called ‘arista’ in Sanskrit- a word that means‘perfect, complete and
imperishable’. The Sanskrit name ‘nimba’ comes from the term ‘nimbatisyasthyamdadati’ which
means ‘to give good health’ (Subbalakshmi et al., 2012). The tree starts producing the yellowish
ellipsoidal drupes (fruits) in about 4 years, becomes fully productive in 10 years and may live for
more than 200 years. The leaves are compound, imparipinnate, comprising up to 15 leaflets
arranged in alternate pairs with terminal leaflets (Ogbuewu, 2008). The leaflets are narrow,
lanceolate, up to 6 cm long. The flowers are abundant, sweet-smelling white panicles in the leaf
axils. Seed propagation in nurseries followed by direct planting in the field is the accepted
method to produce plantation stands (Ogbuewu, 2008). The one seed neem fruit is yellow when
ripe and is about one inch long (Ogbuewu, 2008).
Neem flowers mature from May to August (Koul et al., 2006) in India. The neem is a
tropical evergreen tree native to Indian sub-continent (Roxburgh, 1874). It has been used in
Ayurvedic medicine for more than 4000 years due to its medicinal properties. Most of the plant
parts such as fruits, seeds, leaves, bark and roots contain compounds with proven antiseptic,
antiviral, antipyretic, anti-inflammatory, antiulcer and antifungal uses. It has great potential in
the fields of pest management, environment protection and medicine. Neem is a natural source of
eco-friendly insecticides, pesticides and agrochemicals (Brahmachari, 2004). Neem is considered
to be a part of India’s genetic diversity (Sateesh, 1998). It is the most researched tree in the
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world and is said to be the most promising tree of 21st century.The tree has adaptability to a
wide range of climatic, topographic and edaphic factors. It thrives well in dry, stony shallow
soils and even on soils having hard clay pan, at a shallow depth. Neem tree requires little water
and plenty of sunlight (Sateesh, 1998). The tree grows naturally in areas where the rainfall is in
the range of 450 to 1200 mm. However, it has been introduced successfully even in areas where
the rainfall is as low as 150 to 250 mm. Neem grows on altitudes up to 1500 m (Jattan et al.,
1995; Chari, 1996). It can grow well in wide temperature range of 0 to 49°C (Hegde, 1995). It
cannot withstand water-logged areas and poorly drained soils. The pH range for the growth of
neem tree lies in between 4 to 10. Neem trees have the ability to neutralize acidic soils by a
unique property of calcium mining (Hegde, 1995).
Biologically active principles isolated from different parts of the plant include:
azadirachtin, meliacin, gedunin, salanin, nimbin, valassin and many other derivatives of these
principles. Meliacin forms the bitter principles of neem seed oil; the seed also contain tignic acid
(5-methyl-2-butanic acid) responsible for the distincitive odour of the oil (Schmutterer,
1990; Uko and Kamalu, 2001; Lale, 2002). These compounds belong to natural products called
triterpenoids (Limonoids). The active principles are slightly hydrophilic, but freely lipophilic and
highly soluble in organic solvents like, hydrocarbon, alcohols, ketones and esters (Schmutterer
and Singh, 1995). Therefore, this review will focus on the relevance of neem and its products in
agriculture, industry, biomedicine and environment.
In 2020, at the world neem conference was promoting neem as an “Industrial plant” was
put forward (Kumar, 2003). Several industries including pharmaceuticals, cosmetics and textile
industries use of neem and neem oil (Jattan et al., 1995). There are so many neem–based
commercial product are available (Khanna, 1992). In India neem is highly exploited, neem leaf
powdered are employed in various cosmetics preparations such as face creams, nail polish, nail
oils, shampoos, conditioners (Jattan et al., 1995). A new shampoo based on seed extract of neem
was highly effective in compare with pyrethroid against head lice under in vitro conditions
(Heukelbach et al., 2006). Neem cake a byproduct of neem oil industry is used as livestock feed,
fertilizer and natural pesticides. Neem oil is commonly used in soap production. Medicated neem
soaps are gaining popularity. Need based toothpaste is widely used in India and European
countries. Neem is a source for many oral –hygiene preparations and dental care products.Neem
bark yields gum and tannins which are used in tanning, dyeing etc. Neem seed pulp is used as a
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rich source of carbohydrate in fermentation industries and for methane gas production.
Collection of neem seed to be supplied to the industries provides important means of
supplementary employment and income for poor households, especially the unemployment rural
person generation opportunities of neem products provides employment and income generation
opportunities.
Collection of neem seeds to be supplied to the industries provides important means of
supplementary employment and income for the poor households, especially the rural women.
India stand first in neem production and about 540,000 tones of seeds are produced annually
yielding 7,000 tons of neem oil and 425,000 tons of neem cake. The amount of azadiractin
available is estimated to be about 1600 tons per annum, providing enormous amount of raw
material for pesticide industry. In the product sector, annually estimated turnover is about
Rs.1000-1200 crores. Small scale industries have a major role to play in harnessing the potential.
Therefore, in India it is the time to take right steps in promoting neem, both for the benefit and
industries (Kumar, 2003) of the farmers and industries.
Neem is the magical tree more than hundreds of its active compounds are used to
manufacture many products. Natural properties of neem do not have any toxic reactions, so they
are helpful in plant protection and management. All the parts of neem like seed, flowers, bark,
and leaf can be used to produce high quality product. Products derived from Neem tree act as
powerful Insect Growth Regulators (IGR) and also help in controlling several nematodes and
fungi. Neem products reduce insects’ growth in crop plants. Neem products are used as neem
insecticide, neem pesticide, neem pest fumigant, neem fertilizer, neem manure, neem compost,
neem urea coating agent and neem soil conditioner.
Composition of the neem
Neem tree contain nine free fatty acids. The most abundant are 43.1% of oleic acid,
19.4% of palmitic acid, 17.6% of linoleic acid, 16.4% of stearic acid, and 0.3% of arachidic
acid; minor fatty acids include 0.6% of odeolidic acid, 0.3% of 3–α-linoleic acid, 0.2% of
margaric acid, 0.2% of behenic acid, 0.2% of lignoceric acid, and 0.1% of 1–gadoleic acid
(Gossé et al., 2005). Azadirachtin, a complex tetranortriterpenoid limonoid from the Neem seed,
is the main component responsible for both antifeedant and toxic effects in insects. Another
limonoid and sulfur-containing compound with repellent, antiseptic, contraceptive, antipyretic,
and antiparasitic properties are found elsewhere in the tree, e.g., leaves, flowers, bark, and roots
190

(Mordue and Nisbet 2000). Limonoids, also denominated tetranortriterpenoids, are a group of
highly oxygenated, heterocyclic compounds with alkoxy and hydroxyl groups, of which
azadirachtin is the most well- known (Ospina et al., 2015).
Industrial use of neem
Neem leaf and seeds
Neem leaves are used as green leaf manure and in preparation of litter compost. Neem
leaves are also used in store grains. Twigs of neem in tender stage is used as green manure after
decomposing and widely incorporated in fields. Neem (leaf and seed) extracts have been found
to have insecticidal properties. It is used as foliar spray and in treating seeds in rice cultivation.
Neem leaf also used as Antiseptic, Earache, Glandular tumor, Postural eruptions (especially in
the eruption of smallpox, Jaundice, pruigo, [eruption of skin causing itching]) boils and liver
secretion. It is given as cattle/goats feed to increase milk. Juice of fresh leaf is given in Jaundice,
Prurigo and boils. Externally these are applied to glandular tumors and pustular eruptions. It is
common ingredient of drug formulations prescribed in helminthiasis and leucoderma.
Bark
The neem bark contains about 10 – 12% tannins, a chemical required by leather industry.
Neem bark and roots also have medicinal properties. Bark & roots in powdered form are also
used to control fleas & sucking pests in rice cultivation. Neem has anti-bacterial, anti-fungal and
anti-nematicidal properties and positive effect in combating several diseases in rice cultivation,
and there are many active constituents of Neem which are still to be exploited.
Neem root
Neem root in powdered form are also used to control fleas and sucking pests.
Neem oil
Neem oil is the most commercially important product of neem. In composition, it is much
like other vegetable oils, composed primarily of triglycerides of oleic, stearic, linoleic, and
palmitic acids (Anderson and Hemdrie, 1971). To obtain neem oil, the seeds are first broken
open and the kernels separated. The kernels are then pressed in industrial expellers or in hand- or
bullock-operated wooden presses (ghanis). The oil yield is sometimes as high as 50 percent of
the weight of the kernel. This "cold- pressed oil" is mainly used in lamps, soaps, and other non
edible products. It is generally dark, bitter, and smelly. Unlike most vegetable oils, it contains
sulfur compounds, whose pungent odor is reminiscent of garlic.
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A large industry in India extracts the oil remaining in the seed cake using hexane. This
solvent-extracted oil is not as high quality as the cold-pressed oil, but it also goes into certain
soaps and consumer products. Purifying neem oil is an elaborate and costly process at present. In
one method, the smelly sulfur compounds are distilled off, which frees the oil from both odor
and susceptibility to rancidity (because it also removes the free fatty acids). This process has
long been used industrially. As an alternative to pressing out the oil, the kernels can be extracted
first with alcohol and then with hexane (Anderson et al., 1971) Alcohol removes the bitter and
odoriferous compounds; hexane recovers the oil. Many other uses of neem oil are discussed
followSoap
India's supply of neem oil is now used mostly by soap manufacturers. Although much of
it goes to small-scale specialty soaps, large-scale producers also use it, mainly because it is
cheap. Generally, the crude oil is used to produce coarse laundry soaps. However, more
expensive soaps are made by saponifying the crude oil and distilling the resulting fatty acids
before adding the lye. The resulting almost colorless and odorless product is suitable for topquality toilet and laundry soaps (Bringi & Thakur, 1963).

Cosmetics
Neem is perceived in India as a beauty aid. Powdered leaves, for example, are a major
component of at least one widely used facial cream. Purified neem oil is also used in nail polish
and other cosmetics. Lubricants Neem oil is nondrying, and it resists degradation better than
most vegetable oils. In rural India it is commonly used to grease cart wheels. It could find many
similar lubrication applications in other locations, especially in village settings in the warmer
parts of the world where neem can be grown.
Lubricants
Neem oil is nondrying, and it resists degradation better than most vegetable oils. In rural
India it is commonly used to grease cart wheels. It could find many similar lubrication
applications in other locations, especially in village settings in the warmer parts of the world
where neem can be grown.
Neem as fertilizer
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The material left after oil is squeezed out from seeds and is popularly known as the neem
seed cake; it acts as a bio fertilizer and helps in providing the required nutrients to plants. It is
widely used to ensure a high yield of crops. Neem is used as a fertilizer both for food crops and
cash crops, particularly rice and sugarcane crop. It contains more nitrogen, phosphorus,
potassium, calcium, and magnesium than farmyard manure or sewage sludge (Mitra, 1963).
Surprisingly, neem cake sometimes seems to make soil more fertile than calculations predict
(Patrao,1985) This is apparently due to an ingredient that blocks soil bacteria from converting
nitrogenous compounds into (useless) nitrogen gas. When mixed with urea, for example, neem
cake cuts down on the amount of urea converted to nitrogen gas in the soil. So far, this finding,
which might prove to be a major breakthrough, has not been pursued beyond the laboratory. If it
proves real in everyday practice, it might boost the effectiveness of fertilizers everywhere—
restoring to the soil that part of their power now lost by bacterial action. Neem seed cake
performs the dual function of both fertilizer and pesticide, acts as a soil enricher, reduces the
growth of soil pest and bacteria, provides macro nutrients essential for all plant growth, helps to
increase the yield of plants in the long run, bio degradable and eco-friendly and excellent soil
conditioner.
Neem as manure
Manure is any animal or plant material used to fertilize land especially animal excreta for
improving the soil fertility and thus promoting plant growth. Neem manure is gaining popularity
because it is environmental friendly and also the compounds found in it help to increase the
nitrogen and phosphorous content in the soil. It is rich in sulphur, potassium, calcium, nitrogen,
etc. Neem cake is used to manufacture high quality organic or natural manure, which does not
have any aftermaths on plants, soil and other living organisms. It can be obtained by using high
technology extraction methods like cold pressing or other solvent extraction. It can be used
directly by mixing with the soil or it can be blended with urea and other organic manure like
farm yard manure and sea weed for best results.
Neem as urea coating agent
Neem and its parts are being used to manufacture urea coating agent to improve and
maintain the fertility of soil. The fertility of the soil can be measured by the amount of Nitrogen,
Potassium and Phosphorous it has; there are certain bacteria found in soil, which denitrify it. Use
of neem urea coating agent helps to retard the activity and growth of the bacteria responsible for
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denitrification. It prevents the loss of urea in the soil. It can also be used to control a large
number of pests such as caterpillars, beetles, leafhoppers, borer, mites etc. Urea coating is
generally available either in liquid form or powdered form. Properties of Neem Urea Coating are
Anti feedant, anti-fertility and pest growth regulator.
Neem as soil conditioner
Neem seed granules or powdered seeds are used to manufacture the soil conditioner. It
can be applied during sowing of plants or can be sprinkled and raked into the soil. The process of
sprinkling should be followed by proper irrigation so that the product reaches the roots. It is a
natural soil conditioner that helps improve the quality of soil, thereby enhancing the growth of
plants and fruits. Organic soil conditioner is gaining popularity in agricultural industry, not only
in Asian countries like India but also in western counterparts such as USA, UK and Australia.
Neem is a natural soil conditioner that helps improve the quality of soil, thereby enhancing the
growth of plants and fruits. It not only helps the plants grow, but also prevents them from being
destroyed by certain pests and insects. Organic soil conditioner is gaining popularity in
agricultural industry. Because they are organic, they have no harmful effects and are cheaper
than the other soil conditioners. This natural soil conditioner is also multi-functional and in the
sub tropical regions. Neem soil conditioner application in plantation crops is known to be a soil
enhancer that helps to increase its fertility.
Neem as pesticide
Neem pesticides play a vital role in pest management and hence have been widely used in
agriculture. There has been an evident shift all over the world from synthetic pesticides to nonsynthetic ones; this is largely because of the wide spread awareness of the side effects of these
synthetic pesticides not only on plants and soil but also on other living organisms. This is a great
opportunity for neem pesticides manufacturers to cash in on the growing popularity of natural or
herbal pesticides. Neem pesticides are being manufactured and exported to various countries as a
lot of research has been conducted to test the safety and efficacy of neem for use as a pesticide
(Joseph et al., 2010; Vethanayagam and Rajendran, 2010). Azadirachtin is the main ingredient
used to manufacture bio pesticides. Neem oil and seed extracts are known to possess germicidal
and anti-bacterial properties which are useful to protect the plants from different kinds of pests.
One of the most important advantages of neem-based pesticides and neem insecticides is that
they do not leave any residue on the plants.
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Neem as fumigant
Neem tree has been used against household, storage pests and crop pests. Neem pest
fumigant is available in gaseous state and is used as a pesticide and disinfectant. It is being used
by a large number of countries on a commercial basis by farmers and agriculturists. This 100%
natural product is being exported as it is non toxic and does not affect the environment. It
assumes more importance in developing countries where millions of deaths are reported every
year due to the accidental intake of synthetic pest fumigants. This natural fumigant not only kills
pests but also affects them negatively by acting as feeding and oviposition deterrence, mating
disruption, inhibition of growth etc. According to studies undertaken, neem fumigant helps to
protect stored rice grains from pests. One of the major benefits of this organic fumigant is that
pests do not develop resistance to it. With the increasing trend of using bio fertilizers,
insecticides and pesticides, neem is being increasingly cultivated and grown all over the world to
get active ingredient-azadirachtin, responsible for stopping the growth cycle of insects and pests,
fungi etc.
Neem is also assuming a lot of importance in crop management. Considering the fact that
neem is not only a cheaper, naturally occurring product and an effective method to control pests
and insects, but also has no side effects on plants or other living beings, it is not a wonder that
researches are being carried to try neem and its products for large scale production of natural
pesticides and insecticides. This is a good opportunity for manufacturers and exporters to
produce quality bio agricultural products. Neem oil and seed extracts are known to possess
germicidal and anti bacterial properties which are useful to protect the plants from different kinds
of pests. This natural product does not leave any residue on plants.
Timber
Neem is a member of the mahogany family, and the properties of its wood resemble
mahogany. It is relatively heavy, with a specific gravity varying from 0.56 to 0.85 (average,
0.68). When freshly cut, it has a strong smell. Although easily sawn, worked, polished, and
glued, it must be dried carefully because it often splits and warps. It also splits easily when
nailed, so that holes must be prebored. Nevertheless, it is a good construction timber and is
widely used in carts, tool handles, and agricultural implements. In South India it is a common
furniture wood. The heartwood is red when first exposed, but in sunlight it fades to reddish
brown. It is aromatic, beautifully mottled, narrowly interlocked, and medium to coarse in texture.
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It is subject to only slight shrinkage and can be readily worked by hand or machine. Although it
lends itself to carving, it does not take a high polish. The timber is durable even in exposed
situations. It is seldom attacked by termites, is resistant to woodworms, and it makes useful fence
posts and poles for house construction. Pole wood is especially important in developing
countries; the tree's ability to re-sprout after cutting and to regrow its canopy after pollarding
makes neem highly suited to pole production.
Fuel
Neem produces several useful fuels. As mentioned above, its oil is burned in lamps
throughout India. In addition, its wood has long been used for firewood. Moreover, the husk
from the seeds—containing no oil and representing the bulk of the wastage in pesticide
manufacture—is mainly employed as fuel. Because of the tree's good growth and valuable
firewood, it has become the most important plantation species in northern Nigeria. It is also
grown for fuel around large towns. Charcoal made from this neem wood is of excellent quality,
with a calorific value only slightly below that of coal from Nigeria's Enugu mines.
Resin
An exudate can be "tapped" from the trunk by wounding the bark. This high-protein
material is not a substitute for polysaccharide gums, such as gum arabic. It may, however, have a
potential as a food additive, and it is widely used in South Asia as "neem glue." (Sarkar and
Datta, 1986).
Nimbidin
A compound present in the Seed oil ‘nimbidin’ was found effective against many skin
diseases, pyorrhea, bleeding gums and sore throat. It is also diuretic (drug increases flow of
urine).
Honey
In parts of Asia neem honey commands premium prices, and people promote apiculture
by planting neem trees.
Food
There are odd reports of people eating neem. Leaf teas may be harmful, especially if
drunk in quantity over a long period, but it is said that Mahatma Gandhi, who had a hearty
respect for the nutritive value of greens, commonly prepared neem-leaf chutney and ate it with
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gusto—despite its incredibly bitter taste. Recently, the discovery of a rare neem tree with "sweet"
leaves has been reported.
Fruit pulp
Pericarp represents about half the weight of neem fruits, and when they are processed to
obtain the seeds, large quantities of pulp are also produced. This neem-fruit pulp is a promising
substrate for generating methane gas, and it may also serve as a carbohydrate rich base for other
industrial fermentations (Fig. 13.1).

Fig. (13.1) Industrial use of neem plant
Neem products traded in the world market
Parts of the neem tree are being processed into various products for sale in the world
market (Tinghui et al., 2001). The following is the introduction of a few leading producers of
neem products in India, United States and Australia.
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Neem Oil in India: The neem trees occurring throughout India represent a large, although
very scattered, resource. Already, neem oil is a common commodity traded freely in the markets,
but much more could be produced. It has been estimated that India's neem trees bear about 3.5
million tonnes of kernels each year and that, in principle, about 700 000 tons of oil might be
recoverable. The annual production in the late 1980s was only around 150 000 tons (About 34
tonnes of neem oil were exported in 1990 valued at 300000 rupees, worth about 21 000 US
dollars).
The Calcutta Chemical Company, India started to make soap from neem oil in 1920 and
in 1929, neem toothpaste was launched. Sunida Exports Company is making various varieties of
neem products such as neem soaps, food supplements, agricultural products and veterinary
products. Plasma Power P Ltd is another Indian company making specially neem products
mainly of neem oils, neem leaf granules (priced at US $1.8 per kg), neem bark powders (US
$1.26/kg), soap nut powders (US $4.68/kg), and neem cake. Plasma neem oils and other products
are used not just in India but in other countries of the world such as New Zealand, The
Netherlands, Hawaii, United Kingdom, Switzerland, Panama etc.
Thermo Trilogy Corporation of USA: The first commercial use of a neem seed extract for
non-food use was approved by the U.S. EPA in 1985 (Walter 1996). Vikwood Botanical
introduced a product called Margosan-O for use on trees and shrubs to control leaf miners and
gypsy moths. In 1988, W.R. Grace purchased the patent, registration and technology for
Margosan-O, and changed the formulation in 1990 before introducing it into the greenhouse
industry. In 1993, Grace received approval by the U.S. EPA for use of azadirachtin on food crops
and introduced NEEMIX (0.25% azadirachtin) in Florida. Simultaneously, in collaboration with
an Indian partner, they started up the world’s largest azadirachtin plant in Tumkur, India.
NEEMIX found good acceptance in the citrus and vegetable markets for control of such
pests as armyworms, leaf miners and aphids. In 1994, Grace obtained registration for a 4.5%
azadirachtin formulation and introduced NEEMIX 4.5 to the agricultural market. The 4.5%
formulation, being 18 times more concentrated than the 0.25% insecticide, reduced the difficulty
of handling large volumes of material and simplified package disposal. In 1996, Grace sold the
Biopesticide Group to Thermo Ecotek, which formed a new company, Thermo Trilogy, to
market and develop biopesticides. Margosan-O was renamed NEEMAZAD. At present Thermo
Trilogy Corporation is manufacturing at least three neem products. Trilogy, one of the major
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products of the company, is a broad spectrum fungicide of certain diseases and mites. Its active
ingredient is clarified Hydrophobic Extract of Neem oil (5.46 lb per US gallon), and major target
pests are alternaria, greasy spot, post bloom fruit drop, mildews and mites. Trilogy can be used
on vegetables, fruits, nuts, melons, and agronomic crops.
Agro logistic systems
Producing neem–based products following are as fallowed: AGRONEEM is a unique
formulation containing azadirachtin (0.15%) as the active ingredient. It also contains 15% neem
biomass (neem lipids), thus utilizing the complete spectrum of neem's potential as a pest
management tool. It attacks insects at different stages of growth as anti-feedant, insect repellant,
growth regulator and insecticide. It is non - toxic and does not harm the workers. It is biodegradable and protects the environment. It is compatible with most commonly used fertilizers,
fungicides and insecticides. It is registered with the US EPA.
AGRONEEM from Agro Logistic Systems, Included is packed in a 32 oz. (One quart)
plastic bottle. Case pack is 10 bottles. Order in case pack or multiples. List Price is currently
$400.00 per case. NEEM CAKE is a soil supplement containing nutrients NPK, which loosens
up the soil structure and makes the soil more receptive to nutrient uptake. In many countries
around the world, it is routinely applied to the soil for the control of soil borne nematodes.
NEEMCAKE for sale by Agro Logistic Systems, Included is packed in 50 lb. bags. Pallet pack is
12 bags or 600 lbs. List price $300.00 per pallet (12 bags).
AGROMORE FOLIAR, used as plant food, booster and plant growth promoter to
increase crop yields, is advertised as a Phosphorous rich foliar fertilizer with added Magnesium
and Zinc. The leaves absorb the nutrients rapidly, thus helping in the process of photosynthesis.
AGROMORE FOLIAR is packed in 8 oz. bottles. Case pack is 12 bottles. List price is
$192.00 per case (12 bottles).
Neem Aura Naturals, who have just introduced the world’s first certified organically
grown neem leaf, and pure wild – crafted neem oil, has its own farm growing neem trees. Its
neem products include:


Toothpaste: US$2.95 each, 3.5 oz



Wild – Craft Neem Oil: US$10.95, 1 oz.



Bottle Certified Organic Neem Leaf: US$12.00, ¼



Pound Bag Neem Cream: US$18.95 each,2 oz.
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Hand & Body Lotion: US$11.95 each, 8 oz.



Neem Herbal Spray: US$8.95 each, 4 oz.



Organic Neem Leaf Extract: Us$12.95 each, 1 oz.



Neem Soap: US$4.95 per bar, 3.5 oz.
BioNeem located in New South Wales, Australia is manufacturing neem oil products.

Over the past four years, it used only neem seed oil on its farm and achieved very good results
against a broad spectrum of pests. BioNeem is claimed to be highly concentrated emulsified
neem oil which contains a minimum of 3000 ppm of Neem’s main active compounds. Currently
Bio Neem price is as follows: 100 ml bottle $13 (packing and handling included), 1 litre bottle
$50 (P & H included), 5 litre bottle $154 + P & H
Neem Co-op was formed in 1996 in Northern NSW, Australia. It is manufacturing or
importing and selling a broad range of neem products. Some of them are listed with size and
price as follows:


Neem Facial Moisturing Lotion 125 ml AU$15



Neem Shampoo for All Hair Types 250 ml AU$9.8



Neem Soaps 100 gm AU$3.6



Cold Pressed Neem Oil 25 ml AU$4.9



Neem Toothpaste 100gm AU$3.9



Neem Seedling 5 + cm AU$3.0



Advanced Seedling 20 + cm AU$8.0



Neem Tree 60 + cm AU$12.0 Neem Tree 1 m + AU$18.0



Neem Meal Cake 2 kg AU$4.0

Current scenario and future prospects
India is a major neem extract market, where several ayurvedic companies including
Dabur, Patanjali, Baidyanath and Zandu are the key users of neem extract. The consumption of
fertilizer-based neem extract products is the highest of the total consumption of neem extract in
the agriculture sector of the market. In India, neem extract also find application as pesticide,
where 300 parts per million (PPM) and 1,500 PPM are the preferred concentrations. The demand
of neem extract for applications in personal care is higher than nutraceuticals. With a vast access
to neem plantation in the country and rising public awareness regarding the advantages offered
by neem extracts in livestock feeding and agriculture, India is expected to hold a substantial
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position in the neem extract market, in the medium and long terms. The market is highly
fragmented owing to increased penetration of small- scale companies scattered across the world,
especially in the Asia-Pacific region. The low manufacturing cost of neem extracts, increasing
application scope across numerous industries and favorable climatic conditions for the
production in China and India have forced market participants to eye Asia Pacific as a
production hub for neem extracts.
In the world, neem extract market will be observing a constant growth in the coming
years, due to large neem production and rising attraction towards healthier and herbal goods
globally. Three broad application segments of the neem extract market are animal products,
health and personal care, and agriculture - where agriculture holds the largest market size. On the
basis of product types, the neem extract market is categorized into leaf extract, bark extract and
seed extract, where seed extract has been the largest revenue generator in recent years. Neem
extract is used in three types of bio-pesticides: bio-herbicides, bio-insecticides, and biofungicides. Neem extracts are widely used as pesticides by households for gardening purpose.
Neem oil is currently mainly used in Traditional Medicines. The global neem extracts market
demand was 503.5 USD million in 2013 and is projected to grow at a CAGR of 14.8% from
2014 to 2020.
The market is expected to witness growth on account of rising demand from various enduse industries including personal care, pharmaceutical, animal feed, and agriculture.
Furthermore, increasing consumer awareness about the health benefits of neem, particularly in
developed regions, is anticipated to boost the market growth over the forecast period. Usage of
chemical pesticides and fertilizers in farming results in decreasing the quality of the produce and
has harmful effects on the ecology. This makes neem-based fertilizer and pesticide ideal for
farming. Hence, rising demand for bio-based fertilizers, pesticides, and insecticides in developed
and developing regions owing to the presence of stringent regulations implemented by various
agencies is expected to fuel product demand over the forecast period. Bhutan is a major exporter
of neem oil extract and the same can be exported to neighboring Countries like India, Sri Lanka,
Pakistan and China apart from the European Countries and USA. Bhutan export of neem product
to India can be justified by the ever-growing demand of the natural product in India and a current
shift to Ayurveda medicine which requires neem oil extract.
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The global market for neem is booming alongside a growing interest in natural and
organic products around the world. The neem market is expected to grow from $653 million in
2015 to $1.8 billion in 2022, at a compound annual growth rate (CAGR) of 16.3%. The majority
of the neem extract market is currently based in the Asia-Pacific, with significant demand now
coming from the United States, Spain and Italy. The major factors driving the global neem
market are the crop’s efficient, safe and cost-effective applications in organic agriculture.
Conclusion
In increasing demand for bio insecticides and bio pesticides in developed regions is
projected to fuel market growth. Intimidating response received from consumers on the use of
chemical pesticides due to environmental concerns is estimated to trigger product demand.
Chemical pesticides and insecticides have harmful effects on soil, water, and living organisms
which make neem-based products ideal for these applications. Furthermore, the medicinal and
pharmaceutical properties of these products are likely to escalate market growth. Neem extracts
offer numerous medicinal benefits including reduced blood clotting, lowered blood pressure and
cholesterol and regulated digestion. Such benefits are anticipated to augment product growth in
the pharmaceutical sector.
Demand for neem and its extracts have been high in the European region owing to the
presence of stringent regulations for the production of chemically harvested fruits and vegetables
especially in countries such as Italy and Spain. However, a notable demand-supply gap and high
prices of neem products in the region are likely to hamper the market growth. Neem and its
extracts are used extensively in the manufacture of high-quality herbal cosmetics and beauty
products. The demand for these products has been increasing globally owing to their efficiency
and zero side effects. Furthermore, leading herbal companies have been increasingly
manufacturing products such as fairness creams, body lotions, hand creams using neem extracts
to cope with the growing demand for these products globally
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Introduction
The neem tree grows best in tropical/subtropical climates, although it may also be found
in high altitude places. The neem tree can thrive in difficult environments such as African
deserts, and where annual rainfall exceeds 4500 mm; the Western Ghats, a Biodiversity hotspot
in the Indian subcontinent, which is one of the world's thirty-six Biodiversity hotspots.
Azadirachta indica, often known as neem or Indian lilac belongs to the Meliaceae family. It is
one of two species in the genus Azadirachta and is native to the Indian subcontinent and the
majority of African countries. Azadirachta excelsa is the other species in the genus Azadirachta
(www.gbif.org).
Neem wood has traditionally been used for a variety of purposes, from door and window
frames for buildings, to furniture, and fuel. The rural populace of the Indian subcontinent brushes
their teeth with little twigs or tender branches of neem trees. It is said that chewing on a neem
wood stick will help reduce toothache and cure inflamed gums (Sagar, 2015). For ages, this
practice has been in use in India, Africa, and the Middle East. As said neem is naturaaly
occurring in forests and outside forests. It is also planted along boundaries and roadside
sometimes as avenue tree. The availability of the neem timber is not a problem. In dry areas such
and draught prone regions these days neem is grown in agroforestry systems also (Pandey,
2010). Neem wood production of 4-5 m3 ha-1 yr-1 was reported in agroforestry systems
(Lakshmana, 2017). Azadirachta excelsa was shown to be decay resistant, whilst Azadirachta
indica was found to be durable to moderately durable (Chudnoff, 1984).
General features of neem wood
Azadirachta indica A. Juss, wood is moderately heavy (835 kg/m3 at 12% moisture
content). The heartwood is reddish brown, sweet-smelling and to some extent lustrous with
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discrete growth rings. The parenchymatous tissues are some-times associated with vessles i.e.
paratracheal- vasicentric, sometimes; Apotracheal in tangential lines connecting vessels (Fig.
14.1). Pores are medium sized, few and occurring in solitary or in radial multiples, frequently in
clusters and packed with reddish gummy deposits. Wood has good mechanical strength,
interlocked grains and course in texture. In controlled environment neem wood dries easily. In
radial direction wood shrinks 4.5%, in tangential 6.2% and has total volumetric shrinkage of
10.7%. Due to presence of Azardirachtin in wood, neem wood naturally durable and resistant to
termite damage. The carpenters feel easy to work with wood. Planning, boring, turning is easy
and has good nail holding capacity. Gum obtained from neem tree is also important non timber
forest produce (Anoop and Pasha, 2018).

T S (x100)

TLS (x100)

Fig. (14.1) TS and TLS of Neem wood
Potential of neem timber
For centuries, well-known wood species have been used for structural applications. It is
important to examine the strength qualities of lesser-known timbers in order to determine their
use in the wood industry and to adopt species whose strength falls within the permissible range
for structural works. This will eventually minimize over-exploitation of well-known species,
guaranteeing sustainability while maintaining the industry's viability. One of the abundant yet
underutilized species in the tropics is the Neem, which may be found both in the forest and in
non-reserve regions. Neem grows quickly in most cases. After just 5 to 7 years, it may be
harvested for timber. Maximum yields reported from northern Nigeria (Samaru) amounted to
169 m3 of fuelwood per hectare after a rotation of 8 years. Yields in Ghana were recorded
between 108 and 137 m3 per hectare at the same time (1992).
The Neem tree (Azadirachta indica A. Juss.) is widely known for its medicinal properties
(Quartey, 2021). The therapeutic qualities of the Neem tree (Azadirachta indica) are well
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documented. It is also exceptionally durable because to the inclusion of azadirachtin, a neem
component that inhibits the metamorphosis of insect larvae. The moulting inhibition prevents
larvae from maturing into pupae, and they perish without creating a new generation.
Furthermore, azadirachtin is frequently so repugnant to insects that a variety of leaf-chewing
species, including those that ordinarily shred everything living off plants, would starve to death
rather than approach plants containing traces of it (1992). Salannin, another Neem component,
has a similar repelling effect. When neem is sprayed on plants, it prevents many insects from
contacting even the plants they ordinarily find most enticing.
Table (14.1) Strength properties of some Indian timbers
Compression

Static Bending
Species

Density
(kg/m3)

Modulus of

parallel to grain

Modulus of

Rupture

Maximum

Elasticity
2

(MOR) kg/mm

Crushing Stress
2

(MOE) kg/mm

(MOR) kg/mm2

Neem

740

89

9666

47.1

Teak

650

106

10000

60.4

Shisham

820

95

10526

53.2

Toon

515

83

9445

38.3

Eucalyptus spp.*

980

85

9882

50.3

Babool

800

87

11058

52.5

*Air dry condition, Sunny (2020)
Mechanical examinations on timber are critical for constructional work (Harte, A. (2009).
It evaluates several strength parameters such as compressive or crushing strength, shear strength,
bending strength, stiffness strength, and so on (Table 14.1). These qualities provide practitioners
with information about the load-bearing capability of the timber. Knowledge of the mechanical
characteristics of wood, according to Amoah (2012) and Van de Kuilen (2005), allows for
greater optimization and the use of lesser raw material. The study of the mechanical
characteristics of wood species is thus required if the species are to be selected and employed in
various engineering fields (Amoah, 2012). The knowledge of the mechanical characteristics of
wood species enables characterization of their behavior in various applications (Santos, 2004).
The designer of a building or any structural product must examine the sorts of loads that
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individual structural members, or groups of members, must take so that the needed sizes of the
members may be determined after selecting timber with known strength qualities (Walton,
1974). There is, however, a scarcity of scientific data on its strength qualities and its use in
structural applications such as furniture. Furniture is often made of short-length components with
narrow cross-sections. The timber used for highly stressed furniture components (e.g., chair legs
and rails, couch rails, bed frame) should be defect-free from an engineering standpoint.
Apart from utilization of the neem timber as a construction material, it is also being
utilized as furniture wood. Owing to durability of neem timber, and because of its natural
resistance towards the insects, pests and fungi, the service life of the wood in indoor and outdoor
condition is satisfactory. For utilization of wood for furniture the main reason behind is its
aesthetic value. Neem wood has that attractive reddish to reddish brown color which is very
appealing to eyes. Taking the advantage of the insect resistant properties of the wood the wooden
pallets are made from Neem wood which are naturally durable and long lasting. Glue adhesion,
tensile strength, bending & compressive strength, amenability to preservatives and fireproofmg
treatment, on these parameters; Chauhan and Bist (1987) considered neem is appropriate for
general-purpose plywood.
Neem wood for musical instruments
The availability of traditional wood species used in the manufacture of musical
instruments has diminished in recent years. To address this issue, substitute timbers with
acoustical qualities similar to those commonly employed are required. This study looked at the
acoustic qualities of neem wood (Azadirachta indica) from trees watered with treated wastewater
as a substitute for conventional wood and to see whether it could be used to make musical
instruments. The findings demonstrated a significant linear connection between the dynamic
modulus of elasticity (Ed) and the shear modulus (G). Furthermore, density (ρ) was an excellent
predictor of Ed and G. According to the findings, this wood has the potential to be used in the
backs and ribs of stringed musical instruments (Hassan andTippner, 2019).
The mridangam is a barrel-shaped drum that is about 60 cm long and has a girth of
around 90 cm in the middle. The diameters of the ends range from around 15 to 25 cm, with the
left end somewhat bigger than the right. Typically, the Mridangam's body is cut out of a single
block of wood. Mridangams are currently made from jackwood, redwood, or margosa wood. In
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its prose commentary, a recently found ancient Tamil text called Pancha Marabu recommends
neem wood or clay for creating the shell of the mridangam.
Anthropological significance of neem wood
Anthropologists and historians think that the icons of Lord Jagannatha, Bulabhadra, and
Subhadra are the consequence of Hinduisation of tribal culture, in which wooden poles were
originally utilised and replaced on a regular basis. Puri (Orissa) idols are constructed of neem
(Azadirachta indica) wood and are ritualistically refreshed via an elaborate celebration after
locating the tree, transporting it, preparing and transferring life into it from retiring icons. This
rite, known as Nabokalebara, takes place every 12 years and has been documented and archived
by the IGNCA (Ram, 2009).
Calorific Values of Wood
Biomass is one of the oldest energy resources and the most ubiquitous service material known to
man, having been utilised for over 5 lakh years Fuel wood obtained from the forest, whether by
lopping branches, gathering fallen wood, or felling dry and sick trees, is the most frequent source
of home energy in many developing countries' rural areas (Chavan, 2016). Wood fuel is the
fourth major source of energy in India, accounting for 80% of total cooking energy use. In rural
India, fuelwood accounts for around half of overall fuel usage. According to the NSSO's
Household Consumer Expenditure Survey in rural India in 2007-08, over 77 percent of families
rely on fuel wood and wood chips for cooking. In 2006, India's round wood output was projected
to be over 240 million m3, with fuel wood accounting for 75 percent and industrial round wood
accounting for 15-20 million m3, including poles and small lumber for rural families (Asia
Pacifc Forestry Sector Outlook Study-II 2020). Fuelwood is reported to account for around 75%
of total forest output, with the majority of it coming from natural forests. The majority of the 225
million m3 of fuelwood utilized domestically is eaten by forest-dependent disadvantaged people
and tribes (FAO, 2009). In the table (14.2) it is very much clear that the calorific value of the
neem is very much comparable with other trees utilized for fuel wood.
Charcoal briquettes from neem wood residues:
In most developing nations, biomass residues generated from the wood-based industries have the
potential to replace energy sources such as firewood in domestic energy needs (Suarez et al.,
2000). However, due to their high moisture content, polymorphism, and poor energy density,
only a small chunk of the wastes are usable as fuel. These undesirable features raise the costs of
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transportation, processing, and storage, rendering the use of biomass as a fuel unfeasible (Nasrin
et al., 2008). Some of these disadvantages can be mitigated by densifying biomass residues for
briquette making.
Table (14.1) Physical and Chemical properties of fuel-wood of Bundelkhand region

Densification, also known as briquetting, is the process of compacting biomass waste into
briquettes, which are regular solid fuels. It has a heavier density and energy content, as well as
less moisture, than its basic components. Biomass can be briquetted using a variety of processes,
with or without the inclusion of a binder. In countries such as the United States, the European
Union, Australia, Japan, Korea, and Taiwan, biomass briquettes are mostly used for cooking,
heating, barbecuing, and camping. Biomass briquettes are mostly used in households in
underdeveloped nations. These researches are necessitated by the increased interest in the use of
neem wood for structural and building purposes (Akpan, 2007; Gladstone, 2003). Though neem
wood is listed among the fuel wood species, it is not among the main species exploited for fuel
(Njiti and Kemcha, 2002). This could be attributed to its sporadic burning and low energy value
per volume. It is thus expected that the briquetting of neem wood residues will help in improving
the energy value of the residues, thereby increasing the option for domestic fuel supply in the
savannah region where the tree is predominant.
Neem wood for agriculture implements
Because wood is a hygroscopic substance, it absorbs moisture in humid situations and
desorbs moisture in hot and dry settings. This causes swelling and shrinking in wood, which is
referred to as movement in wood. Because of this movement, fractures can form on the surface
of hardwood planks, and splitting can be seen on the butt end of logs or on the end surfaces.
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These cracks and splits are referred to as faults in wood maintenance. Because of the faults that
develop in wood over its service life, the product may fail to sustain any type of load and there is
a risk of component or full building collapse.
The grain pattern of neem wood is interlocked.
The problem of cracking and end splitting is
less common in certain varieties of interlaced
grain wood. Because of its strength, durability,
and antibacterial characteristics, neem wood is
used to make the axle and wheels of wooden bullock carts.
Neem Wood Carvings
Many African countries, including Ghana, Naorobi, Kenya, and others, make use of neem
wood. The wood carving business is a significant informal sector in Kenya, providing a living
for many households in the drought-prone Eastern region. Wood carvers have always employed
certain tree species in their craft. Muhugu (Brachylaena huillensis), Mpingo (Dalbergia
melanoxylon), Olive (Olea europea), Mgurure (Combretum Schumanni) and Mutanga are among
them (Spirostachys africana). Though neem is sturdy and long-lasting, it is also soft to work
with for hand carving, woodworking, and toy making. The Kenya Forestry Research Institute
(KEFRI, Kenya) conducted a scientific study on unique challenges encountered by the local
people when utilizing neem wood.
Conclusion
Neem is underutilized, lesser known timber species. To utilize and bring it to main streem
industrial utilization, it is necessary to further explore the possibilities. Wood fiber reinforced
polymer composites are growing in market. The global fiber reinforced composites market size
was valued at $84.5 billion in 2019, and is projected to reach $131.6 billion by 2027, growing at
a CAGR of 5.9% from 2020 to 2027. The possibilities of neem wood fibre reinforced composite
technology also should be looked and explored.
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Neem wood comb

Anti-Diabetic Neem Wood Tumbler

Source: Mirraw Online Services Pvt. Ltd.

Source: Indianomy.com

Neem Wooden Pallets
Source: Suresh Timber Co.
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Introduction
Forestry, as a scientific discipline, emerged only after the mid nineteenth century.
Previous to its emergence as a scientific discipline, and a field of research, the history of forests
across the world was primarily of destruction. Forests initially gained attraction predominantly
for the colossal amount of services that they could provide through fodder, timber, fuelwood, etc.
The primary scientific development in the forestry sciences came through silvicultural practices.
The principles which are implemented to control the establishment, structure, composition and
growth of a forest is termed silviculture (Baker et al., 1999). Silviculture, a tool for forest
management has also undergone multiple changes through the years. While silviculture methods
have in the past resorted to uncontrolled exploitation, the blooming of civilization in the modern
age, and the consequent dwindling of forests have made forest managers across the globe to
rethink the methods for managing forests. In the present day, a more sustainable approach is
being adopted for managing the forests. Furthermore, with the industrial age dominating
dynamics in most fields, newer problems have emergedwithregardto forests. These problems
warrant innovation and implementation of newer technologies which would guarantee limited
human intervention.
The forests and the forest species are under threat due to multiple reasons. Major
problems that exist for the foresters include fire (Frolking et al., 2009), invasive alien
plants(Travis and Park, 2004), an increase in the number of threatened species(Wright and
Muller Landau, 2006), decrease in the number of economically important plant species (Sher et
al., 2010), habitat loss for specialist species (Helm et al., 2006), etc. These issues necessitate
monitoring on both temporal and spatial scales, which is both logistically and fiscally
challenging. Monitoring the range of a vulnerable species, for example, necessitates knowledge
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of its spatial range as well as the conditions that promote its expansion. As a result, the species
must be mapped, and a species census is also necessary. New technological breakthroughs, such
as satellite remote sensing and artificial intelligence, have made it much easier for humans to
complete these duties.
With the introduction of such technologies, an attempt must be made to strike a balance
between traditional approaches and newly developing technology. As a result, a new scientific
field known as "digital forestry" has emerged. The science, technology, and art of methodically
obtaining, integrating, evaluating, and applying digital information to promote healthy forests
has been termed as "digital forestry" (Tang et al., 2006). Its main goal is to use digital tools to
explore and comprehend the history, current state, change, and future of forest resources and the
surrounding.The area of digital forestry actively employs the broader domain of Artificial
Intelligence and its linked components, machine learning and deep learning, in conjunction with
satellite remote sensing for the goal of addressing forestry concerns such as tree mapping.
Artificial Intelligence, which has emerged due to the advances in machine learning and
process automatization (Boon et al., 2018), help us to solve many real life complex
problems(Nayak and Dutta, 2017). It is a challenge to map, identify, and conduct a census of
trees with the available images obtained from space borne satellite datasets and other platforms
(Singh et al., 2021). The identification of various tree species and their stages on the basis of
their canopy shape, size, structure, and density can be performed periodically with visual expert
interaction (Joshi et al., 2006). The deep learning method trains the model to develop intellect
which helps in testing and identifying the class objects. It will lead to the automatization of the
process for independent data which shows similar behavior, and this will help in identifying the
class objects with minimal interference.
With the other classifiers which map, identify and classify objects (Decision tree, Pixelbased hard classifiers, Object-identification methods, Logistic regression, Bayesian-classifiers,
Hyperspectral classifications and basic modelling), the entire process needs to be reinitiated each
time (Joshi et al., 2006). The artificial intelligence deep learning methods preserve its model
intellect, and reinitiating of processesneed not be done. After training, and forming the model
intellect, it needs to be tested with current datasets. The efficacy of artificial intelligence deep
learning methods has been checked in various fields namely, detection of cancer (Hu et al.,
2018), biomedical science (Dash et al., 2020), automatic voice and face identification(Sun et al.
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2015), vehicle identification (Liu et al., 2016), land cover based identification(Helber et al.
2019), and animal census (Norouzzadeh et al., 2018).For real time continuous identification of
objects, the performance and efficacy of deep learning methods are better than the other
methods, and it has acceptability in most fields.
The identification of Neem is important to track precious trees, conduct census of trees,
locate medicinal plants, etc.It helps us to identify the endangered species of plants, and calculate
the biomass of trees (Zhang et al., 2019). Managing a forest and non-forest region inventory for
a large area is difficult and time consuming without the employment of the latest techniques
(Otero et al., 2018). The deep learning methods work like supervised classification techniques.
The model is trained on the basis of given data, clues, class-area of interest (AOI), image chips,
object size and structure to build its own logic, which is based on the statistical information of
selected pixels. This has eliminated the need for manual tracking which used to be previously
employed to monitor and assess damages to the Neem (Hamdi et al., 2019)

Deep Learning models
Origin of deep learning
Artificial intelligence led to the emergence of machine learning in the 1950s (Alom et al., 2018).
Machine learning has grown in popularity in a variety of fields over the years and it has also
spawned other focused disciplines such as neural networks. Neural networks are a subfield of
machine learning, which eventually led to the emergence of deep learning (Fig. 15.1) (Alom et
al., 2018). Deep learning, as a technique emerged as recently as 2006, and the first convolution
neural network model to be created was AlexNet by Krizhevsky et al. (2012).
Following its inception, deep learning has exhibited a stupendous proclivity for success
in all the fields it has been applied in. The approaches that have evolved in deep learning involve
a supervised approach, semi-supervised approach, partially, and unsupervised approach (Alom et
al., 2018). Another novel approach that emerged out of the deep learning technique is
reinforcement learning.
Supervised learning involves the usage of labelled data. In this method, the model needs
to be trained using labelled datasets, and the model would then prepare a set of inputs and a set
of corresponding outputs. After successful training, the model would be able to provide the
answers to the necessary queries (Alom et al., 2018). Supervised learning includes Deep Neural
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Networks, Convolutional Neural Networks, etc. Semi-supervised learning is a procedure wherein
the system does not require a completely labelled dataset for training, and a partially labelled
dataset suffices (Alom et al., 2018). These include networks such as the Generative Adversarial
Networks. Unsupervised learning involves the systems which function without the presence of
data labels. Unsupervised learning helps in untwining unknown structures in the input data. It
frequently uses clustering techniques to provide the necessary output. The Auto Encoder and
Restricted Botzmann Machine are prominent examples of deep learning systems which employ
unsupervised learning (Alom et al., 2018). The reinforcement learning technique is a
comparatively newer system which finds enormous applicability in unknown environments. In
reinforcement learning, the function being optimized cannot be accessed in its entirety, and this
is the fundamental distinguishing factor between supervised and reinforcement learning (Alom et
al., 2018).

Fig. (15.1) Evolution of deep learning (adopted from Sze et al., 2017)

Deep learning methods have paramount applicability in situations where there is a human
expert is absent, the solution of the problem changes temporally, solution needs to be modified to
specific scenarios, and when the size of the problem is large for human comprehension.
Functioning of deep learning in object identification
Unlike state-of-the-art machine learning approaches, deep learning models automatically
learn characteristics from images. Deep learning has become popular among researchers in
recent years for processing remote sensing data (Krizhevsky et al., 2012; Virnodkar et al., 2020).
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A deep learning classifier processes the image, without any preprocessing and modification.
Although it needs the image of specific size and extent i.e. multiple of 256-pixel x 256- pixel,due
to limitations in the size and extent of the image that can be used for training, and for fast
performance. For better accuracy, contrast, intensity, and radiometric enhancements should be
applied to both training and testing images. The enhancements are generally avoided if
independent data and augmentation techniques are used in the process. It has higher object
identification accuracy and is able to avoid any imprecision in the size and extent of training
data(Suzuki, 2017). The machine learning anddeep learning method follow the concept of
artificial neural network (ANN). The deep learning methods used for object based identification
uses the featuresofengineering processes. Certain typical hidden processing layers are derived
and checked, which carries more statistical operations as compared to machine learning based
methods(Ibtehaz et al., 2020). The machine learning is used for data based classification, and is
notoriented for object based identification (Goodfellow et al., 2016).
Recently, deep learning (DL) technology has achieved astounding results in crop and
land use land cover (LULC) classification from remote sensing time series images, in particular;
the Convolutional Neural Networks (CNN) algorithm(Virnodkar et al. 2020). CNNs are
becoming more common as a result of their impressive achievements in a variety of fields,
including remote sensing (Krizhevsky et al., 2012). This is due to the image's stationary
characteristic, which stipulates that contents retrieved from one region of an image can also be
applied to another. CNN architecture consists of multiple layers, including convolutional layers
(which include processing units, i.e., neurons), sub-sampling layers, and fully connected (FC)
layers with nonlinear transformations. The convolutional layer operates as a function to extract
features from previous layers of the network, and each layer creates feature maps as an output
(Virnodkar et al., 2020). Advanced deep learning methods such asCNN (LeCun et al., 1998)have
since their inception dominated the field of image analysis and computer vision. The
phenomenon is capable of advance localization (Krizhevsky et al., 2017), classification of
objects(Sermanet et al. 2013), and making radical progress in object identification (He et al.,
2016). A number of CNN models have been developed in the recent past which can be used for
classification and mapping of trees.
AlexNet
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The AlexNetmodel was developed by Krizhevsky et al. (2012). This network has eight
hidden layers in total, comprising five convolutional layers, three max pooling layers, and three
FC layers. The rectified linear unit function was used to increase nonlinearity, and local response
normalization was performed after the first and second convolutional layers. The final FC layer
is followed by a softmax activation layer. AlexNet's success was due to the utilizationof graphics
processing units (GPUs) for convolution operations, the use of dropout to overcome overfitting
at FC layers, non-saturating neurons, and more training examples. Furthermore, it necessitates
fewer parameters, namely 60 million and 650,000 neurons(Virnodkar et al., 2020), which
minimizes network training time. Every layer generates feature maps as an output.
ResNet50
ResNet is a neural network developed by He et al. (2016) which made massive
improvements from the previous neural networks that existed. In addition to the difficulties of
training deep networks, they all suffered from the major issue of vanishing gradient, which
renders learning minuscule because it is backpropagated while being in the earliest layers. Few
deep architectures attempted to solve the vanishing gradient problem prior to ResNet. ResNet, on
the other hand, was successful by incorporating skip connections, which skip a single or multiple
layers in the network, a method utilized by other networks as well.ResNet has been observed to
have the ability to work well with remote sensing data (Virnodkar et al., 2020).
DenseNet
DenseNet refers to the Dense Convolutional Network which was developed by Huang et
al. (2017). As a result of its extensive connectedness, DenseNet obtained higher accuracy with
fewer parameters than ResNet. The input image is initially convolved using 16 output channels
and then sent to the dense block in DenseNet. In a feed forward method, every layer in each
dense block is connected to every other layer in the block. Each layer collects information from
all preceding layers and outputs it to all subsequent layers. To produce the final result, all feature
maps gathered from previous layers are analyzed separately at each layer and concatenated in a
single tensor.
U-Net
The U-Net model (Ronneberger et al., 2015)illustrates the workflow structure of
semantic segmentation. Semantic segmentation is a deep learning method that is transformed by
CNN for a more instinctive performance of object identification.The left upper part of the model
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represents how the network is trained for image identification and classification and is used by
any other deep learning methods ResNets and others. The U-Net based semantic segmentation
was first used for bio-medical purposes to detect disease using image segmentation and
theobtainedresults were proven to be good (Ronneberger et al., 2015). The workflow architecture
contains two paths where the image is considered as the input, and the identified object is
obtained as the output. Firstly, the input path is used to consider the context of the image and is
known as the encoder. The encoder pooling, ordering and convolution stacking of the image
layers following the output decoder path provide a symmetrical expanding path, which is used to
provide exact localization using transposed 2-dimensionalconvolutions. Its process is an example
of a full convolution network (FCN). The U-Net model will be extended through 3D U-Net
model for volumetric segmentation with basic modification(Çiçek et al., 2016), and it may
haveenhancements for solving real problems of the earth.The present study used U-Net model
for mapping two different species of trees in two unrestricted sites in India. The study
demonstrates the (1) Object based identification using images (aerial photographs), (2) Object
identification with pixel-level accuracy, and (3) Mapping capability of the object.
Methodology
Aerial photographs of high spatial resolution, 0.5 meter obtained from Microsoft Bing
was used for the mapping and identification of Neem trees. The aerial photographs were for
different non-restricted sites of India. The ERDAS Imagine version 2020 software was used for
the deep learning semantic segmentation model, which is based on the U-Net workflow. The
semantic segmentation deep learning object classification method consists of two parts 1.
Training, and 2. Testing of model (Fig. 15.2).
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Fig. (15.2) Deep learning semantic segmentation model workflowfor object identification

150 image chips and class label chips of 256 x 256 pixels for both Neem trees were
created. The model parameter epochs are the iteration by which the model learns from the object
chips, and the value oftwenty epochs was provided. The time of training the model increases
with an increase in the number of provided epochs, and consequently, the training efficiency
increases.
Table (15.2) Semantic segmentation deep learning model parameters and its values
S.No.

Semantic segmentation model parameters

Parameters value

1.

Epochs (Iteration)

20

2.

Learning rate

0.001

3.

Validation percentage

20%

4.

Data Directory

Path of data directory

5.

Output model intellect

6.

Learning accuracy

Model learning accuracy

7.

Validation accuracy

Model validation accuracy

Name

and

path

of

intellect
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model

The rate of learning parameter is expressed by a value thatlies between zero to one.It has
been observed that the smallest value is best suited for training the semanticsegmentation model.
For this study, 0.001 value was used. The learning and validation accuracy of the model is
judged by itself. Learning accuracy refers to the value corresponding to the learning of chips by
the model without any error, and greater the value, better the model. The validation accuracy is
checked by the chips which aren’t used for training the model (80% chips are used for training
the model, and the rest 20% are used for testing and validating the model), to ensure the
independent validation of the model (Table 15.1).
The U-Net workflow provides an understanding about how the testing data is used as
input to train the model to getthe object identified image as the output (Fig. 15.3). The testing
photo was provided as an input from upper left path for contraction, which follows the
convolutional process. The convolution process increases the depth of the photos. The path down
red arrow follows the maximum pooling process, in which photo is downsized up to half its size
and the process is repeated up tonumber of epochs. It takes the photo data to the lowest part and
builds two convolutional layers, without any further pooling. The photo is resized to its smallest
and starts moving upwardon to the right-up expansive path. The object label image is upsized to
its actual extent and size on the expansive path with the use of an up-sampling method named,
transposed convolution, which manages to expand the object identified image. The last layer,
convolution layer is an image of the same and actual size, which is the object identified image.

Fig. (15.3). U-Net architecture the model (comprises an encoder and a decoder pathway,
with skip connections between the corresponding layers)
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Results
The Neem object is identified, mapped through the demarcationof pixels into a class
group. The semantic segmentation deep learning method was used for the object identification of
Neem of different locations. The ground-based validation was observed as the number of trees
identified in the output result in the form of the mapped image and the number of trees counted
in the region is presented as ground validation accuracy. The model mapping capacity for object
tree canopy is also validated with objected identified pixels, and manually demarcated tree
canopy of both trees are represented by percentage value as the tree canopy area validation
(Table 2). The model learning and validation accuracy are represented in table (15.2).
If the value of the model learning accuracy is higher than 95%, it is considered that the
model’s learning of the given chips is excellent. If it is in the range of 90-95%, the model’s
learning is considered to be very good, and if it is in the range of 80-90%, the model’s learning is
considered to be satisfactory. The model needs to be run again with necessary corrections if the
learning accuracy is calculated to be below 75%. The learning accuracy of a model represents the
learning capacity reached by the model on a given dataset, and it can influence the validation,
and ground validation accuracy. The higher the value of the validating accuracy, the better the
model. However, a model is acceptable if the validating accuracy is above 75%.
Table (15.2). Validation and accuracy assessment of semantic segmentation deep learning
method for object Neem trees
S.No.

Tree

Validation and accuracy assessment

Results (%)

Learning accuracy

93.9

2.

Validating accuracy

90.0

3.

Ground validation

81.6

4.

Tree canopy area validation

80.4

1.

type
Neem

The Neem trees (80 percent) chips were given for the learning and the learning rate
shows the model successfully learned both tree models. The learning rate for both the tree
models is above 94 percent, and model learnt perfectly with the given testing photo chips. The
model itself validate its accuracy by usingthe rest of the training chips (20 percent) to provide a
snap of output accuracy using photo chips. It also helpsin understanding the testing accuracy and
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whether the model can be considered for testing other sets of image for object identification. The
validation accuracy for both tree testing modelsis above 90 percent, and it is considered as good
and acceptable. Further validation of the object identified output image was done by using the
census of the identified tree against the census counting value obtained from the ground. The
ground validation of both the trees, was good, with 82 percent and 81.6 percent for Neem trees,
respectively. The validation for tree canopy cover for Neem trees are 78.2 and 80.4 percent
respectively (Fig. 15.4a and 15.4b).

Fig. 15.4 (a) & (b) The object identified map of the Neem trees
Discussion
The object detection image can be of any size and scope, and it is utilised as the input
image for testing the semantic segmentation model. The type, bits, and the number of layers of
the training and testing image chips on which the model intelligence is built must be the same.
The tree object is detected and mapped into a class group via pixel demarcation. The recognised
pixels that cover more than 40% of the canopy cover are evaluated for a tree identification class
as well as ground confirmation. Images with a higher spatial resolution (0.5 m) yield better
results for tree identification.The semantic segmentation model accuracy and performance can be
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improved using images with high spatial resolution, more spectral layers (Geng et al., 2014), and
images with a higher signal to noise ratio (Singh et al., 2016).
Microsoft Bing aerial photographs with a spatial resolution of less than one meter were
obtained for Neem trees in various locations. The deep learning segmentation method was
evaluated for tree identification using canopy pictures. For training the model, training image
chips and class labels of comparable size and extent were generated. The semantic segmentation
deep learning model is built and used to assess the given input pictures, which are similar in
terms of kind, bits, and number of layers. An image of any size or scope can be used to identify
Neem trees. The trained model is used to automate tree identification.
The classification methods which are based on pixel values, such as, Supervised Spectral
Distance, Bayes and Maximum Likelihood method, need to provide the training signature file in
order to obtain a classified map as the output image. However, it does not identify the type of
tree, and hence, cannot be utilized for any census purpose. The unsupervised method of
classification clusters the image pixels on the basis of calculated mean, variance, standard
deviation, but it does not provide any information about the class and does not identify the tree.
The hyperspectral image classification functions like the supervised classification method can
identify the species of a tree, but it fails to retain shape in an area where the trees are clustered. It
also fails to conduct the census of a tree. Since the processing is based only on spectral values
the automatization becomes very difficult. Furthermore, the time required for processing is high
and that poses a major challenge. The other object-based classification methods work on defined
workflow from raster-based classification, object probability, operator based cleaning, raster to
vector conversion, operator based shape retention. The whole workflow of the object-based
classification method needs to be processed every single time, and many modifications are
required to be done at each stage to attain a good level of accuracy. Therefore, the processing of
a large volume of data takes a considerable amount of time.
The machine learning techniques, Classification using Regression Tree (CART), Random
Forest (RF), Support Vector Machine (SVM), Naïve Bayes (NB), and Logistic Regression (LR)
also work on the principle of supervised classification. The machine learning model trains its
models based on feature vectors, chips, statistical values of the class. The model is used for
classification, but it also fails to retain the shape of the object class. The deep learning
segmentation method trains the model using object shape, pixel values, structure, and texture to
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identify the tree class. It is also utilized for the automatization of tree identification processes
(Majeed et al., 2020).
Despite numerous breakthrough advancements in deep learning algorithms for image and
computer vision, a fundamental disadvantage of the technology is that it requires a vast number
of training chips and data, which is almost impossible to feed at all times. The training chips are
all the same size, layer, and extent, often in multiples of 256 × 256 pixels, however, the amount
of time required for training is determined by the number of training chips. For the semantic
segmentation technique, each related chip snapshot must have its own object class. It performs
better when the object class is provided together with a non-required back class for object-based
identification.
Conclusion
The CNN based methods have solved various complex problems with a good acceptable
level of accuracy in the field of computer vision and imagery analysis. It opens up space for the
other fields to adopt object-based identification for solving problems by using image-based
analysis. We presented the semantic segmentation deep learning method for the identification of
trees based using photos of their canopy.The semantic segmentation models identify objects with
pixel-level accuracy, and it is useful to map the object since it accurately separates it from other
objects in the background. It provides meaningful information about the object along with its
identification.
The semantic segmentation deep learning method identifies the objects and is useful for
the mapping of the Neem object. It will also be used for automatization of the method using the
same intellect model to test results on new datasets and images of other regions. It is very useful
for faster identification, census and mapping of Neem trees. It is useful for finding the changes
in the Neem forest tree inventory, productivity, changes due to natural calamities and disasters.
The method can find utility in forestry, for faster decision making, efficient mapping of fireaffected areas, mapping invasive and threatened species, and better forest management. The
method can be used for planning and monitoring forest and non-forested areas.
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ABOUT BUNDELKHAND AND NEEM
Bundelkhand region is comprises 14 districts, seven each from UP and MP state. The region has soil
with shallow depth, topography is undulating, water holding capacity is very low, strong radiation
causes higher evapo-transpiration responsible for severe droughts. The region has many outlying hills
of Vindhyachal viz., Northern plain land, Vindhyan Plateau, Vidhyan hilly region cuts. The base of
the hills rests on gneiss, while the hills themselves are of sandstone, overlaid south of these provinces
by basalt, the Deccan trap, which has also spread north in dikes. The climate of the region is semiarid type. The area has three distinct seasons, i.e. dry cool (winter December to February) with 9.5 to
21°C temperature and occasional frost, a long hot summer (March to June) with peculiarity of hot
winds with 48°C temperature and short rainy seasons (July to September) with annual rain fall 8001300 mm. The drought and less rain is the common feature of the area.
The forests of the region fall under Northern Tropical Dry Deciduous Forest major forest types. This
region has over 17% of its land area under forests with diverse natural resources. Bundelkhand region
is rich store house of tree-based traditional knowledge. More than 350 non-timber forest species of
medicinal value have been reported, among which traditionally 82 species are abundantly utilized for
collection and harvesting for income generation in Bundelkhand.
Globally, neem is a prominent tree species in forest of tropical and subtropical region that is
paramount for biodiversity conservation. Sustainable Development Goals (SDGs) of United Nations
can be attained through inclusion of neem on degraded lands in the form of agroforestry to promote
ecological security, food and feed security. Neems owing to its extensive adaptableness, flexibility,
commercial and environmental prominence have prospective for planting as TOF. Neem based
agroforestry has great significance for rural livelihood and mostly can be practiced on family farm.
Neem tree (Azadirachtaindica) is native to Indian subcontinent and widely distributed in
Bundelkhand region. It is hardy and multipurpose holds tremendous potential in sustainable farming
systems across the world. It has various uses that include natural pesticide, windbreak, source of
fodder, fertilizer and traditional medicine, and cosmetic industry. Neem agroforestry in India can be
an example of inclusive growth model, which integrates local-rural income generating opportunities
with the industry and has created multi-layer benefit strata: employment (seed collection,
aggregators, processing units and allied industries) and income of the poor (60%), including farming
community, substantial savings in fertilizer use at the national level (USD 572 to 857 million), and
indirectly a positive impact (denitrification inhibition, C sequestration)on the environment. The
model provides a replicable template for such efforts in other global agriculture based economies.
Neem tree prospective in the arid and semiarid region specially Bundelkhand region through this
symposium we are targeting the stakeholders to extend the information on neem tree for integration
in farming system as well as rural landscape for sustainable, diversified and climate resilient agro
practices and agroforestry modules

WEBINAR OBJECTIVES
The current “National Webinar on Nurturing the Neem (Azadirachtaindica) for Nature
and Livelihood Security”, will open a scientific dimension of communication and
exchange of experiences between researchers in the field of science of nature and life
especially those involved in the areas of forest sciences. An opportunity for participants to
exchange their experiences in this field of research for a dynamic of productive
collaboration.The broad objective of this event is to bring all interested in research in
Bundelkhand region on a single platform to share their experiences. The following
thematic areas will be covered
 Neem distribution and ITKs.
 Neem based Agroforestry prospective.
 Neem based Product Utilization and Commercialisation.
 Harnessing Neem Genetic Resources and Improvement.
 Neem: Climate change &Ecosystem Services
Those who are currently involved in natural resource management, Agriculture,
Forestryincluding the academics and civil society groups (Faculty Members, Teachers,
ScientistsResearch Scholars, Professionals, Policy Makers and Administrators, Farmers
etc.) are welcome for participation

ABOUT THE UNIVERSITY
The Rani Lakshmi Bai Central Agricultural University has been established as an
Institution of National Importance under Department of Agricultural Research and
Education (DARE) by an Act of Parliament (Act No. 10 of 2014) and notified on 5th
March, 2015. This is second Central Agricultural University in India. The objectives of the
university are to impart education in different branches of agriculture and allied sciences
including forestry, undertake research in agriculture, programmes of extension education
and promote linkages with national and international educational institutes. The University
headquarter is at Jhansi located in Bundelkhand region covering 07 districts, each of
Madhya Pradesh and Uttar Pradesh. At H.Q. Jhansi the University has established College
of Agriculture and College of Horticulture & Forestry while College of Veterinary &
Animal sciences and College of Fisheries are being established in Madhya Pradesh. The
University is surrounded by two premier ICAR institutes i.e., IGFRI (Indian Grassland and
Fodder Research Institute) and CAFRI(Central Agro-forestry Research Institute). The
Academic Building of the University was inaugurated by Hon’ble Prime Minister Shri
Narendra Modi Ji on 29th August, 2020.
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manmohandobriyal@gmail.com

TECHNICAL SESSION
Theme Area I: Neem for Plant Health Management (11:35am to 12:45 pm)
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