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Preface

Neem is an evergreen tree which can be grown in semi arid and tropical regions. It is a multi-purpose species which provides several products for growers. It acts as a wind break and protects the soils and crops against hot dry winds. Inter- planting with beans, groundnuts and millets proves to be a profitable venture. It can grow in the acid soils of tropics and gradually neutralizes the acidity. Besides all there uses, several others are also there, a detailed account of which is given in this booklet.

Dr. K. T. Chandy, Agricultural & Environmental Education 

I. Introduction

Neem is a moderate sized deciduous tree found every where in the plains of India, including some parts of arid Zone. It has several uses and can be grown under reforestation and social foresting programmes. Though its cultivation does not need any expertise, some care to be taken during nursery raising, transplanting, seed storing etc. These aspects have been highlighted in the bookIet no. 457; Neem Cultivation. The chemical constituents and usages of neem are as follows.

II. Chemical Constituents

The important chemical constituents are azardirachtin, 1-maliantriol, salannin, nimbin, nimbidin and others. The dry flowers on extraction with petroleum-ether yields waxy sub-stances like quercetin, myricetin and b-sitosterol on extraction with alcohol they produce a pungent essential oil, green amorphores bitter toxic substance, nonacosane and a sesquiter- pene and a fatty acid fraction.

The different plant parts contain mostly terpenoids (limonoids). The trunk bark contains nimbinin (0.04%), nimbotherol (0.03%), essential oil (0.02%), tannin (6%) and a bitter principIe margosine. Neem oil contains various acids, sulphur etc.

Azardirachtin is a highly oxygenated terpenoids. It has proved to the tree's main agent for battling insects. On an average, neem kernels contain between 2 and 4 mgs of azardirachtin per gram of kernel.

The seeds are rich in lipids as well as bitter principles. The air-dried seeds gives about 20-25% dark coloured oil which contains good amount of lipid associates. The main principles of oil are sulphur, a very bitter yellowish alkaloid, resins, glycosides and fatty acids. The bitter fractions of oil and oil cake are extracted with alcohol.

The lipid associates of major components are salanin, nimbin and minor components being azardirachtin, azadirone, azadiradione, and its derivatives, salannol, vilasnin, maliantriol. meldenin, vepinin etc.

The gum exuded by this tree contains 35% proteinaceous material. The presence of free amino acids in the exudate is of considerable importance. The most abundant ammo acid is aspartic acid, besides serine and threonine. On hydrolysis, the carbohydrate portion yields D-galactose, L-arabinose, man- nose, xylose, fructose and rhamnose.

Extraction

Although bioactive compounds are found, throughout the tree, those in the seed kernels are the most concentrated and accessible. They are obtained by making various extracts of the kernels. The active ingredients are slightly soluble in water and freely soluble in organic solvents such as hydrocarbons, alcohols, ketones, ether etc. It can be done using simple techniques.

1. Water extraction

The simplest technique is to crush or grind the kernels and extract them with water. They may be steeped overnight in a cloth bag suspended in a barrel of water or water can be poured into the bag and extract can be collected as it emerges. The resulting crude suspension can be used in the field without any further treatment. It can also be used as a spray able emulsion after filtering. By using water extraction, it has been estimated that 20-30 kg neem seeds can normally treat one hectare of land. Normally, the proportions employed are about 500 g of kernels steeped in as much as 10 litres of water as they have low solubility in water. Water extracts of ground neem leaves are also very useful.

2. Hexane extraction

Kernels are grated and steeped in the solvent hexane to extract only oil. Though it is not an active pesticide but recent research shows that in certain case it is useful in killing the eggs of some insects, larvae of mosquitoes and various stages of certain pests.

The residue left after the hexane extraction still contains limonoid active ingredients and also subsequent water or alcohol extraction yields clean limonoids uncontaminated by oil.

3. Alcohol extraction

It is the most direct process for producing neem based pesticidal materials in concentrated form. Limonoids are highly soluble in alcohol solvents: The grated kernels are usually soaked in ethanol, but sometimes in methanol. It extracts the active ingredients which ranges between 0.2-6.2 percent. Neem compounds are not highly soluble in water while the alcohol  extracts are about 50 times more concentrated and contain 3000 or even 1,00,000 ppm azardirachtin.

Formulations

Crude extract is the simplest neem pesticide. However, for more sophisticated use, various forms like granules, dusts, wettable powders etc. are made. Addition of chemicals or even chemical modification is done to increase shelf stability, ease of handling to reduce phytotoxicity and to avoid damage to sensirtive plants. The additives that inhibit the ultraviolet degradation are sesame oil, lecithin and para amino benzoic acid  (PABA). By mixing promoters like sesame oil, pyrethrin (it is a type of insecticide extracted from chrysanthemum flowers) and piperonyl butoxide to neem extracts boosts their power 10-20 folds and also they enhance the action of the extracts to quickly kill the pests. Combinations with synthetic pesticides also can work well and also the effectiveness of neem extracts can even be boosted with the insect killing bacterium Bacillus thuringensis to provide a multifaceted pesticide. 

Neem extracts can be applied in many ways; as sprays, powders, drenches or diluents in irrigation water with baits or even burned. For example, neem leaves and seeds and dry neem cake are ingredients in some mosquito coils.

III. Effects on Insects 

Neem extracts are known to act on various insects in the following ways.

1. They disrupt the development of eggs, larvae or pupae.

2. They block the molting of larvae or nymphe.

3. They disrupt the mating and sexual communication.

4. They repel larvae and adults.

5. They deter the females from laying eggs.

6. They sterilize the adults.

7. Poisons the larvae and adults.

8. They block the ability to swallow.

9. They deter feeding.

10. They inhibit the formation of chitin which forms the exoskeleton of the insect. In this, azardirachtin acts to regulate the growth.

Neem extracts are effective against a number of species of insects which can be seen in table 2.

Apart from this, neem shows considerable potential for controlling pests of stored products. In the traditional practices, neem leaves are mixed with grain kept in storage for 3-6 months. The ingredients responsible for keeping out the stored- grain pests are not yet identified. In this context, repellency is of prime importance. Jute sacks when treated with neem oil or neem extracts prevents pests like weevils (Sitophilus spp) and flour beetles (Tribolium spp) from penetrating for several months. Neem oil is an extremely effetive and cheap protection for stored beans, cowpeas and other legumes. It keeps them free of bruchid beetle infestation for at least 6 months. It is not suitable for a large scale storage but it is valuable for households. Small amount of neem powder extend the storage life of potatoes to three more months.

IV. Effects on Other Organisms

Certain limonoid fractions extracted from neem yemels are proving active against root-knot nematodes. The most devasting worms to plants. They inhibit the larvae from emerging and the eggs-from hatching. Water extraction of neem cake are also nematocidal.

Cardamom growers in South India are already using neem cake to control nematodes. They incorporate 100-260 kg per hectare of neem cake in their cardamom fields every year. Snails and crustaceans of paddy fields also be controlled by neem extracts.

Neem has shown antifungal activity. Neem oil protected the seeds of chick pea against the serious fungal diseases like Rhizoctonia solani, Sclerotium rolfisii and Fusarium oxysporum. Spraying crude neem oil on lilac bushes when applied before any sign of outbreak, prevented powdery mildew for the rest of the season. Neem extraction have given 90%  control for bean rust but before being affected by fungus.

Neem leaf extracts affect the fungus Aspergillus flavus is an unusual way. The fungus appears to grow normally, but it produces far less afflatoxin. This is important because afflatoxin is a powerful carcinogen that is of increasing concern in the world's food supplies. In that way, neem is found to be very useful in suppressing the afflatoxin levels in the fungus. The neem oil is also found as a good insecticide as well as fungicide. Emulsion concentrations of 0.25% oil is found to be affective against rust or powdery mildew of ornamental plants.

Among plant viruses, ragged-stunt virt1s infection is significantly reduced by neem oil spray in rice crop affected by brown plant hopper. Mixture of neem oil, custard apple oil interferes the transmission of tungro virus in rice field. Experiments in India proved that the transmission of tobacco mosaic virus was seriously affected by neem leaf extracts. Similarly urea in combination with neem cake was found to lower the viral disease incidence. 

Neem extracts proved to be soft on unintended targets like earthworms and other beneficial insects.

IV. Medicinal Importance

Today, the best established and most widely recognized uses are based on its merits as a general antispectic. Neem preparations are reportedly efficacious against a variety of skin diseases, septic sore and infected burns. The leaves applied in the form of poultices or decoctions are also recommended for boils, ulcers and eczema. The oil is used for skin diseases such as scrolfula, indolent ulcers and ring worms. A detailed note of medicinal properties is given in the following pages.

A. Fungicides

Neem has proved effective against some fungi that infect human beings. The common fungi that are affected by neem extracts are given here.

Neem preparations have sown toxicity to the following:

1. Trichophyton which is an athlete's foot fungus that infects hair, skin and nails.

2. Epidennophyton which is a ring worm that invades skin and nails of the feet.

3. Microsporum that invades hair, skin and nails.

4. A fungus of intestinal tract; Trichosporon.

5. Geotrichum is a yeast like fungus that causes infections of the bronchi, lungs and mucous membrane.

6. Another yeast like fungus, Candida which fomls leisions in mouth, skin, hands and lungs.

B. Anti-bacterials and antiviral agents

Neem oil suppresses several species of pathogenic bacteria like Staphylococcus aureus which is a common source of food poisoning, cystitis and meningitis. Another bacteria like Salmonella typhosa which causes typhoid, food poisoning, intestinal inflammation is also suppressed by neem oil.

Neem is an effective preventive to small pox, chicken pox and fowl pox. Once the infection is seen, there is no possibility of curing it.

C. Dermatological insects 

lt is a common remedy against maggots and head lice. Crushed leaves are rubbed into open wounds that have become maggot infested. In India, villagers apply neem oil to the hair to kill head lice.

D. Dental treatments

In India, many people use neem twigs as toothbrushes everyday. It is effective in preventing periodontal diseases. Extracts of bark are used in the preparation of toothpastes and other oral hygiene preparations. Neem bark is proved to be highly effective at both preventing and healing gum inflammations and periodontal diseases. Two parts by weight of finely comminuted bark is refluxed with 8 parts of 90% ethanol for 1 hour. The alcholol extract with suitable aromatic combination gives the mouthwash.

E. Other diseases

Extracts of neem reportedly affect the kissing bugs that transmit the Chaga's disease caused by Trypanosoma cruzi. Practitioners of the Indian Aryurveda medicine system have been preparing neem in oral doses for malarial patients for centuries. This is normally done by extracting about 500 g of leaves in alcohol or water. Neem leaf tea is used to treat malaria. The neem products can at Iest the malaria parasite. Plasmodium faleiparum. In India, it was recently reported that components of ethanol extract of neem leaves and seeds were effective against chloroquinine sensitive and chloroquinine- resistant strains of the malaria parasite.

It is also a ready source of low-collt analgesic or antipyretic compounds. Research has shown that neem oil acts as a powerful spermicide. It is an inexpensive birth control method preferred by mostly villagers. Indian scientists have demonstrated that neem oil is a potential new contraceptive for women.

F. Veterinary medicine 

Insects of veterinary importance are obvious targets for neem products. Some examples are given below.

1. Indians have traditionally crushed neem leaves and rubbed them into open woods on cattle to eliminate maggots.

2. Azazdirachtin passes through the ruminant digestive tract of hornflies and remains long enough and will not allow homflies to develop.

3. Neem oil and neem-seed extract deterred the female, blowfly Lucilia 'sericata from laying its eggs on sheep. The oil is rubbed on cattle as a fly repellent.

4. Nimbiodal at a dose of 25 mg/l00 g of body weight when given orally, suppresses the, infection of Plasmodium gellinaecum in chicks.

5. Azadirachtin also exerts an ovicidal effect in eggs of the blood sucking fly Stomoxys calcitraus. 

The bacterium, Staphylococus aureus causing mastitis in cows can be controlled by neem. Also, the Salmonella bacterium causes abortion in horses, cattle and sheep as well as a variety of infectious in poultry and livestock is controlled by neem extracts. It was showed that neem also works against intestinal nematodes in animals.

G. Nematicide

Neem cake and neem extracts are very effective against nematodes in the soil. Regular treatment of soil with neem oil cake or neem extracts reduces or prevents nematode infestation. 

VI. Industrial Products 

Neem provides many useful and valuable materials besides pesticides and pharmaceuticals. Neem oil extracts from the seeds goes into soaps, waxes and lubricants as well as into fuels for lighting and heating. The solid residue left after the oil is removed from the kernels is employed as a fertilizer and soil amendment. In addition, wood from the trees is valued for construction, cabinetry and fuel. The bark is tapped for gum and extracted for tannins and dental care products. The leaves are sometimes used for emergency livestock feed, but not always. And the profuse flowers are a prized source of honey. Details about all these products are given here.

A. Neem oil

Neem oil is the most commercially important products of all. It is composed of triglycerides of oleic (41%) stearic (20%), linoleic (20%) and palmitic acids (18%).

Seeds should be broken open and kernels are separated. These kernels are then pressed for oil in industrial expellers or by hand or bullock operated wooden presses (ghanis). The oil yield is sometimes as high as 50% 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. It contains sulphur compounds and its odour is similar to garlic. In 

India, the oil that remained in the seed cake is extracted by 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.

The oil extracted is to be purified which is a costly process. In one method, the smelly sulphur compounds are distilled off which not only frees the oil from odour but also reduces the susceptibility to rancidity.

In another method, the kernels are extracted with alcohol and then with hexane. This combination process was developed at Regional Research laboratory, Hyderabad. Alcohol removes the bitter and odoriferous compounds and hexane extracts the oil. This stepwise" extraction upgrades both meal and oil. But it requires costly and complex facilities.

In India, mostly neem oil has become chief ingredients for soap manufacturing. Generally, 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 (aqueous solution of potassium or sodium hydroxide). The resulting almost colourless and odourless product is suitable for top quality toilet and laundry soaps.

Powdered leaves are a major component of facial creams. Purified neem oil is used in nail polishes and other cosmetics. The oil is non-drying and resists degradation than most vegetable oils. In rural India, it is commonly used to grease cart wheels. 

B. Neem cake 

Neem has considerable potential as a fertilizer. Neem cake and neem leaves have shown excellent performance when used as fertilizers. Neem cake is the major by-product of the neem oil crushing industry. Oil extracted from the neem seeds is used for nonedible purposes in pharmaceuticals, soap making and other industries. The cake left is chiefly used as manure. The composition of neem cake is given in table 1.

Table 1 : Composition of Neem cake

	Sl.No
	Constituents
	Percentage

	1
	Crude protein
	13-35%

	2
	Carbohydrates
	26-50%

	3
	Crude fibre
	8-26%

	4
	Fat
	2-13

	5
	Ash
	5-18

	6
	Acid insoluble ash
	1-17

	7
	Nitrogen
	2-3

	8
	Phosphorus
	1

	9
	Potassium
	1.4

	10
	Sulphur
	1.07-1.36


The neem seed cake is also high in ether extract content It is rich in plant nutrients. As it is seen from the table 1, which enables it to be used as an organic fertilizer.

Neem cake is widely used in India to fertilize cash crops, particularly sugarcane and vegetables. If it is ploughed into the soil it protects the plant roots from nematodes and white-ants due to the presence of residual limonoids. Neem cake sometimes seems to make soil more fertile than calculations predict. It has been measured especially when the cake is added to water in rice fields. Neem cake cuts down the amount of urea to be added as it contains nitrogen.

In some parts of Karnataka state, people grow the tree mainly for its green leaves and twigs for puddling into the flooded rice fields before transplantation. Neem leaves are also used as a mulch in tobacco fields.

C. Timber

Neem timber is moderately heavy with a specific gravity of 0.72-0.83 having medium to coarse textured wood. When freshly cut it has a strong smell. The heart wood is red when first exposed but in sunlight it fades to reddish brown. The wood is easy to work with hand and on machines, but does not take polish well. It must be dried carefully because it often splits and warps. 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 properties of neem timber compared with teak are given in table 2.

Table 2: Properties of neem timber

	Sl. No
	Properties
	Neem quality index (taking teak index as 100)

	1
	Weight
	127

	2
	Strength (as beam)
	87

	3
	Stiffness (as beam)
	81

	4
	Suitability (as post)
	82

	5
	Shock resistance
	105

	6
	Shape retention
	77

	7
	Shear
	129

	8
	Surface hardness
	131

	9
	Nail holding ability
	144


The timber is durable even in exposed situations. It is seldom attacked by termites and is resistant to woodworms, and it makes useful fence posts and pole for house construction. Pole wood is especially important in developing countries. The tree's ability to resprout after cutting and to regrow after pollarding makes neem highly suited to pole production. The best economic rotation for wood production is 23 years. In Maharashtra slate, 15 year old neem tree produced about 400 kg of wood.

D. Fuel

Several useful fuels are produced by neem. Its oil is burned in lamps throughout India. Its wood is used for fire wood. The husk from the seeds. containing no oil represents the wastage from pesticide, manufacturing companies is also employed as a fuel. Charcoal made from this neem wood is of excellent quality.

E. Other products

Several other products that are produced by neem are as follows.

1. Resin

An exudate can be tapped from the trunk by wounding the bark, This high-protein material is not a substitute for polysaccharides gums such as gum arabic, but have a potential as a food additive. It is widely used as neem glue' in South Asia. It acts as a stimulant, demulcent and along with other herbs it is used for the treatment of jaundice. It is also used in the preparation of colours by silk dyers.

2. Bark

Neem bark is rough with grey colour. It contains 14% tannins and yields a strong coarse fibre commonly woven into ropes in Indian villages. The stem and root bark of neem yield nimbin and nimbidin.

3. Fruit pulp

Pericarp represents about half the weight of neem fruits and when they are processed to obtain the seeds, Large quantities of pulp is also produced. This neem fruit pulp is a good substrate for generating methane gas and it may also serve as a carbohydrate rich base for other industrial fermentations.

The fruit is used as a toxic, purgative and ananthelmintic.  It is beneficial in urinary diseases and in the treatment of piles. The pulp water when sprayed on crops protect them from locusts. One hectare of land having 50-200 trees gives about 5000-10,000 kg fruit every year. Ripening time of fruits is between May to August.

4. Leaves

Neem leaves are very useful during dry periods when no other green fodders are available. The leaves contain 12~ 18% crude protein, 11-23% crude fibre, 43-60% nitrogen free extraction  2-6% ether extract, 7-18% total ash, 0.8~3.9% calcium and 0.1- 0.3% phosphorus. On an average a 7.5~ 8 mts tall tree gives 350 kg leaves. Farmers of Andhra Pradesh feed the cattle with neem leaves immediately after pasturition for increasing  milk production. A minimum of 3-5 kg leaves per day feed to cattle is sufficient to provide an adequate supply of Vitamin A

VII. Conclusion

Neem is usually easy to establish. It grows wild in dry forests and is also cultivated in the all places, except the highest and coldest parts of the country. It has several uses as explained earlier. It has a main role to play in social forestry and agro forestry. Planting neem trees reduce universal problems like deforestation, erosion, desertification and natural plant protection methods. This, therefore, is a time for people to bring the plant and its products into international use. An orderly creation of plantations and markets, with reliable availability of good quality seeds at stable prices make the neem to become one of the most widely grown tree in the world.

In the coming years, more research has to be done on its safer pest control products, methods of extraction, formulation, neem oil purification methods, genetic improvement and medicinal properties.
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