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In the Philippines i1n 1976, Michael Benge wrote a booklet called BAYANI
[Giant 1pil-ipil (Leucaena leucocephala)] A Source of Ferrtilizer, Feed and Energy
for the Philippines It described a new variety of an old tree The booklet was
not a "Madison Avenue," slick publication, and looked as 1f it were produced on a
photocopying machine But 1t was effective' Soon Benge was flooded with tens of
thousands of requests for it, and within a few months Filipinos were planting that
new tree over thousands of hectares

Today, that tree, better known as giant i1pil-ipil or giant leucaena 1s well
extablished in the Philippines, Indonesia, Thailand, India and other countries of
the region Indeed 1t has been hailed as a breakthrough in tropical forestry, and
in 1986, King Carl XIV Gustaf of Sweden awarded Benge the International Inventors
Award [modeled after Sweden famous Nobel Prizes] for his outstanding innovation in
promoting the use of this tree

In scope and presentation, this current booklet reminds me of Benge's 1976
one Perhaps he 1s here initiating worldwide enthusiasm for neem as he did a
decade ago for leucaena I hope so Neem 1s potentially one of the most valuable
of all semi-arid-zone trees It can grow in parched and nutrient-deficient soal
and 1s a fast-growing source of fuelwood Moreover, 1t has many other
commercially exploitable by-products and environmentally beneficial attributes,
such as a natural, non-toxic pesticide

Noel Vietmeyer
BOSTID
National Academy of Sciences



PICTURE OF NEEM TREE

Azadairachta indica

Neem or the Margosa Tree

(the name 1s based on the Persian for "a noble tree™)
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DRAFT

THE NEEM TREE
ITS POTENTIAL FOR AGRICULTURAL,
INDUSTRIAL AND COMMERCIAL EXPLOITATION

INTRODUCTION

The neem tree* offers great potential for agricultural, industrial, and
commercial exploitation Its most promising use 1is for commercial and on-farm
production of pesticides, which so far have proven to be non-toxic to man Not
only can 1t protect plants from insect damage, but it can greatly contribute to
reducing post-harvest food losses, and could be substituted for many of the
environmentally damaging pesticides such as DDT Neem seed extract, azadirachtin,
has proven effective against 131 species of insects, 60 in the U S , of whach 45
are extremely damaging to agricultural crops here These include the leafminer,
which attacks vegetable and flower crops, and the gypsy moth, which causes
millions of dollars of losses to the U S forest industry every year It even

stops the common cockroach

Azadirachtin has also proven to be effective against desert and migratory
locusts, which cause millions of dollars in crop losses in Africa and elsewhere
A single swarm of locusts has been estimated to destroy in a day enough food to

feed 50,000 people for one year’ (Rule, 1986)

*Azadirachta indica A Juss (family Meliaceae) has a synonym in Melia azadairachta,
which 1s not to be confused with Melia azadirach, commonly called the Persian
Lilac in India and the Chinaberry tree elsewhere (Larson, 1986)

DRAFT



A highly biologically active fraction has been seperated from fresh neem
kernels that shows remarkable antiviral activity against the Ranikhet poultry

virus and has blood-sugar lowering and antimicrobial properties

A program has been recently initiated in the United States to evaluate varaious
parts of the neem tree as anti-inflammatory and healing substances in dentistry,

and to determine their toxicological properties

Almost every part of the neem tree--roots, bark, trunk, leaves, flowers, fruit
and seeds--1s known to have some use in countries where 1t grows, this is
particularly true in Indaia There, the tree 1s held sacred by the Hindus and its
parts are used in many of their rituals and ceremonies It 1s believed that a few
drops of heavenly nectar fell on neem Hence, on New Year's day, the Hindus eat
1ts leaves and take a bath with water in which a few neem leaves are boiled in the
hope of acquiring freedom from disease Sri Chaitanya, the father of the

Vaishnava cult, 1s believed to have been born under a neem tree and hence his

nickmane "Nimai "

Neem 1s a source of many other potential products, besides insect antifeedants
and repellants Almost every part of the neem tree is used medicinally in India
01l 1s extracted from the seeds for soap, wax, lubricants, and lighting and
heating fuel, and the residue 1s used an an organic fertilizer And neem o1l 1is
even being tested for use in cosmetics, such as nail polish (Schmutterer, 1984)
Other parts of the tree are used for commercial products, including timber and

cabinetry wood, tannins, a toothpaste ingredient, and livestock feed Neem bark



contains 14% tannins, which compares favorably with conventional tanning chemicals
(Radwanski, 1977a, NAS, 1980) Its resin 1s a gum substitute (Ketkar, 1976) The
cotyledon and cotyledon-originated callus tissues contain abundant compounds of an
amportant steroidal drug precursor widely used in commerce

(Sarkar and Datta, 1986) Twigs of neem are used as a toothbrush, without

toothpaste, and are reported to effectively prevent tooth decay (Henkes, 1986)

Neem production sustains cottage industries in India, and when grown on a
large scale in developing countries such as Haiti or in Africa, where labor and
land costs are low, neem could provide a base for profitable large commercial

operations for industrialized nations such as the United States

The 1deal tropical plant product 1s easy to produce and cheap to process, has
few natural enemies and diseases, can be utilized 1n a multitude of outlets, can
grow quickly and easily where 1t does not displace other crops, can be prepared
for export locally with value added in the country of origin, especially in the
village, can act as a soil ameliorant in a previously non-productive area, and can
raise the income of the poor countries by providing an export crop or by
substituting for expensive imports Neem 1s a candidate as an 1deal tropical

plant

The neem tree and its products offer a wide range of development alternatives,
especially for semi-arid zones Processing of several neem ingredients, which
could become highly competitive in price and quality with some petroleum-based

synthetics, does not require special skills or sophisticated machinery It can be



done by village inhabitants and thus provide employment and income in
underpravileged rural communities  The development of this tree will also improve
the declining ecosystems of many areas, such as in Haiti and the arid (arrigated)

and semi-arid (non-irrigated) regions in Africa

DESCRIPTION

Neem 1s a moderate to large size tree 12-20 meters (40-65 feet) high, reaching
a girth of 1 8-2 5 meters (6-8 ft) It forms a round crown with a spread of 5-10
meters (16-33 ft), 1s a broadleaf, evergreen tree, except in periods of drought
when it will drop its leaves, has a relatively straight trunk (but not long) with
moderately thick bark, roots deeply, grows moderately fast, 1s hardy, stands
pollarding (repeated lopping of branches) well, coppices rapidly, and produces
root-suckers (often induced by root injury), especially in dry localities

(Troup, 1921)

Neem leaves are alternate, compound, 23 to 38 cm (9 to 15 in ) long leaflets
7 to 17, alternate or opposite, very shortly stalked, 6 to 7 em (2 1/2 to 3 1in )
long, oblique, toothed The tree 1s open pollinated, and the small, white,
scented, bisexual flowers are borne in azillary clusters, which are shorter than
the leaves and attract bees The fruit i1s a smooth, ellipsodal drupe, 1 25 t0 1 8
em (0 5 to 0 7 in ) long, greenish-yellow to yellow when ripe, with a

bitter-sweet pulp and one, or at times, two seed The flowers and fruit stink

badly after a rain



In India, neem sheds 1its leaves in February-March but is never completely
leafless except 1n dry localities where 1t may drop all its leaves The flowers
appear in February to May with the new leaves The exact period of flowering
varies from locality to locality In general, flowering takes place earlier in
the southern parts of the country Neem fruits usually ripen in May to September
(Troup, 1921, ICSIR, 1948), although some literature indicates neem has two

distinct fruiting periods, May-June and August-September

DISTRIBUTION

Neem 1s thought to have originated in Burma and 1is common throughout the open
scrub forest in the dry zone there and on the Siwalik hills, and af 1t 1s native
to India, 1t occurs naturally only in Karnatak and in parts of the Deccan
Peninsula (Troup, 1921) In its native environments, neem 1s generally found
growing in mixed forests, associated with other broadleaf species, such as Acacia

sp and Dalbergia sissoo It grows in tropical to sub-tropical regions, semi-arid

to wet tropical regions, and from sea-level to over 2,000 feet It 1s cultivated
throughout India, and in many places it has become wild [The fruit 1s not toxic
to birds and bats, and i1t 1s reported that they are mainly responsible for the
spread of wild neem ] It 1s now found in many places outside of its native
distribution to the sub-Himalayan track, including the northern part of Uttar

Pradesh at 610 meters (2,000 feet) and the southern part of Kashmir at 670 meters

[2,200 feet] (Ketkar, 1976)



However, according to Amed and Grainge (1985), neem 1is native to the
Indo-Pakistan subcontinent, while others attribute its nativity to the dry forest
areas of India, Pakistan, Sri Lanka, Malsysia, Indonesia, Thailand and Burma {(NAS,
1980) Nevertheless, neem also found throughout Pakistan, Sri Lanka, southern
Malaysia, Indonesia, Thailand, and the northern plains of Yemen and has been
recently introduced into Saudi Arabia Now, the Philippines has begun widescale
plantings of neem for fuelwood and pesticide production Nineteenth century
immigrants carried the tree from the Indo-Pakistan region to Fiji, and it has

spread to other islands in the South Pacific

East Indian immigrants introduced neem to Mauritius, and it 1is thought that
they took 1t to a number of African countries It is now widely cultivated on the
African continent in Ethiopia, Somalia, Kenya, Tanzania, Mozambique, Mauritanmia,
Togo, Ivory Coast, Cameroon, Nigeria, Guinea, Ghana, Gambia, Sudan, Benin, Mali,

Niger, Burkina Faso, Chad, and Senegal, particularly in rainfall-deficient regions

Neem was also introduced into several Caribbean nations by East Indian
immigrants and 1s now propagated by Indian communities as a medicinal plant in
Trainidad and Tobago, Jamaica, Suriname, Guyana and Barbados (Pliske, 1983) Neem
plantings are also abundant in Guatemala, Nicaragua, Bolivia, Ecuador, Honduras,
Argentina, Brazil, Cuba, Nicaragua, Dominican Republic, St Lucia, Honduras and
Antigua and large numbers are now being planted in and Haiti In addition to the

ongoing experimental cultivation of neem in Puerto Rico and the U S Virgin
Islands in the Caribbean area, plantings in southern Florida are thriving, and the
field cultivation of neem in Oklahoma, southern California, and Arizona has begun

(Jacobson, 1986, Ahmed and Grainge, 1985, Radwansk: and Wickens, 1981,

Radwanski, 1977a, and Granvsholt, et al , 1967)



ADAPTATION

Neem grows well from sea level to over 670 meters (2,000 feet), and can be
established in hot and dry regions without irrigation Neem thrives under
subhumid to semi-arid conditions and can be established in areas with an annual
rainfall of 450-750 mm (18-30 inches) Optimum growth 1s obtained in higher
rainfall areas (1150 mm), 130 mm per year 1s sufficient for survival (NAS, 1980),
but 1t needs 450 mm to to grow successfully It grows where maxaimum shade
temperature may be as high as 49°C (120°F). but 1t does not stand excessive
cold Neem 1s frost-tender, especially in the seedling and sapling stages, but it
1s grown 1in frost zones of the sub-Himalayan tract by protecting seedlings during
the winter with screens (Radwanski, 1977a) Fire often kills 1t outright (Ketkar,
1976, Radwanski and Wickens, 1981) According to Gorse (1986), it 1s not a very
sociable tree, does not grow well in pure stands (plantations in Africa often die
out i1n 3-10 years), and 1s very competitive for water and soil nutrients, thus

doesn't grow well on marginal soils

Neem seems to grow best in deep sandy soils that are well drained, but can
grow in practically all sorts of soil, it thrives on black cotton soil 1in India
and does not do badly even on clay It does better than most species in dry
localities, on sandy, stony shallow soils with a waterless subsoil or in places
where there is a hard calcareous or claypan (hardpan) not far from the surface
However, neem will grow much better 1f this hardpan 1is broken up before planting
Occasionally, neem will initally grow well on soils that appear to be sandy, but
quickly die out when roots hit a deep layer of dense clay Neem can grow even on

saline and on alkaline "usar"” soils (ICOC, undated), however, neem has been



reported to be susceptible to moderate salinity in the Sudan (Jackson, 1976)
Thus within the species, some provenances must be more genetically tolerant to
salinity than others Fishwick (undated) observes that the best neem growth is

found on sites with a soil pH of between 6 2 and 7+

Neem does not tolerate waterlogged soils, and does not do well on soils with
impeded drainage and on soils subject to inundation Growth i1s not good on poorly
drained soils, because the taproot tends to rot and the trees gradually die In
Nigeria, De Jussieu (1963) reported that the best neem groves grew where the water
table was 1 5 to 1 75 m down, at 2 5 m, the groves were only mediocre, and at 8 m,
the groves died out In his report, the method of planting the neem trees was not
given, and in many places in Africa it was commonplace to establish plantings by
stump cuttings, whereby the tap root was pruned When this 1s done, a normal
length tap root will not regenerate, and the tree develops extensive lateral root
systems with only pseudo-taproots developing that do not penetrate deep into the
subsc1l In some soils, the water table markedly rises during the rainy season,

and 1f this rise persists, the roots of neem trees may smother

Neem does not grow well in soils with high proportions of very fine sand or
si1lt or finely divided mica, the yellowing of leaves 1s often followed by death
(Radwanski and Wickens, 1981) However, this may have been the result of nutrient
deficiency [See section on TOXICITY, PESTS, DISEASES and LIMITATIONS] In
Nigeria, where systematic tests have been conducted, 1t was observed that very
successful neem groves could be found in soils having a high clay content (67%),

while trees died out on soils with a high sand content (83%) (De Jussieu, 1963)



It has been planted on plantation scale in Nigeria since 1936 Most of the
forests in the Sokoto region are of this species The introduction of neem to
Sokoto was cited as the greatest boon of the century The tree grew quickly and
met the local demand for firewood, poles for house construction, and fence posts,
in addition to providing welcome shade in towns and villages (Senior Resident,
1948) Gorse (1986) states that neem 1s often the preferred species for planting
in semi-arid areas because animals do not readily browse it, and when they do,
mortality 1s low and neem recovers rapidly However, Welle (1985) reports severe

stunting of neem girdled from bark feeding by goats

WOOD

The wood of neem 1s beautifully mottled, rather uneven and narrowly
interlocked, medium to somewhat coarse textured and moderately heavy, with a
specific gravity of adult wood from O 56 to 0 85, averaging 0 68 (NAS, 1980)
Because the wood has a high calorific value, 1t 1s excellent both for fuelwood and
charcoal and the smoke of the burning wood 1is said to have a high insect-repellant

effect In many ways 1t resembles mahogany (Switenia mahogani), but lacking the

smoothness of the grain and workability under tools The sapwood 1s greyish white
and the heartwood red when first exposed to the atmosphere and sunlight, fading to

reddish brown, dull to somewhat lustrous especially on the beautiful narrow ribbon

striped radial surface, but medium to somewhat coarse-textured

The timber seasons well and 1s durable even in exposed situations Because

of 1ts resistance to pests and does not rot easily, neem wood makes excellent door
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panels, sash frames, poles and fence posts and other building materials, however,
1t has limited value for construction, because the logs are too short This could

be partially overcome through genetic improvement by selecting and reproducing

trees with maximum clean bole heaight

The wood 1s not subject to much shrinkage and 1t 1s used also for making
carts, agricultural implements, low quality furniture (the wood has an offensive
odor) and toys Trunks and chests made of neem withstand the attacks of termites
and resist woodworms, and are said to render their contents resistant to other
insects (Radwanski and Wickens, 1981) Neem makes excellent fence posts because

of 1ts resistance to pests and does not rot easily Neem can also be chipped and

used for composite board and paper (NAS, 1980)

The timber seasons well and is durable even in exposed situations It 1s
suited for door panels, sash frames, poles and fence posts and other building
materials, however it has limited value for construction, because the logs are too

short This could be partially overcome through genetic improvement by selecting

and reproducing trees with maximum clean bole height

SILVICULTURAL AND PLANTATION CHARACTERISTICS

In India, neem is generally found in mixed forests So far, little 1s known
about the behavior of neem in plant communities and 1ts ecological potential and
limitations Neem seems to do much better on an isolated basis than in full

groves, and grows beautifully along roadsides, or as 1isolated shade trees It
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also does well in mixed species plantings and 1in relatively well spaced rows
(approximately of 3 meters apart) along contour line ditches (De Jussieu, 1963)
Michel-Kim and Brandt (1981) report that experience in India and Africa indicates
that neem may not be suited for monoculture This contention 1is supported by
Gorse (1986), who states that neem 1s not a sociable tree and plantations aften
die after 3-10 years, especially on poorer sites One explanation for this
variance 1is that neem 1s very demanding on both water and mineral nutrients, and
on soils where nutrients are limited, thus neem will not do well in monocultural

plantations on poor sites

Individual neem trees are reported to live for 200 years (Ketkar, 1976)
However, Gorse (1986) contends that neem needs to be pruned or i1t will die-back,
which can be avoided by pollarding the tree Many report neem growing well in
monoculture in plantations (Gravsholt, et al , 1967, Fishwick, undated, McComb,

1967, Kemp, 1970)

Neem grows better with shade 1in 1its early stage of growth, but demands light
as 1t matures Therefore, 1t has a great capacity for pushing 1its way through
thorny scrub in 1ts youth Welle (1985) reports neem growing exceedingly well in

plantations i1n Haiti where Leucaena leucocephala 1s interplanted as a nurse crop,

with trees having a better form (the elephant-foot stump type growth with a large
taper is reduced) Radwanski and Wickens (1981) report that transplants are
likely to be seriously injured by developing leaf spot (clorosis) as a result of
insolation (grown in full sunlight), thus neem does best in its earlier years when
planted with a nurse crop However once mature, neem does best in full sunlight,

and does not do well as an understory
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GROWTH

Neem 1s reported to grow relatively fast, but varies greatly depending upon
its environment, site characteristics and the genetic capability of the plant
material Slower growth results at higher elevations, at colder temperatures and
on drier sites Radwanski (1977a) reports that 66% of the tree's total growth
occurs in the first three years, during which 1t reaches a height of 4 to 7 m, 1t
reaches 5 to 11 m in the following five years Seedlings show moderate
development, ordinarily reaching a height of 10-20 cm (4-8 inches) by the end of
the first year As a rule, trees put on a mean-annual girth increment of 2-3 cm
(0 9-1 2 1inches), though more rapid growth is obtained under more favorable
conditions De Jussieu (1963) reports that in irrigated groves in India, 16 year
0ld neem trees reached diameters over 40 cm, but trees grown in this way break
more easily and are subject to wind damage Under mediocre conditions, the
average diameter of trees in a 44 year old grove was 25 5 cm, and average height
was 10 5 m In Africa, 1t 1s generally assessed that at 1 year in good soil, a
grove reaches a height of about 1 5 m, at 2 years a height of 2 m, and during the

4th year trees reach a diameter of 7 to 8 cm and a height of about 4 5 m

Fishwick (undated) notes that on poor sites, there was evidence that neem
stagnated after the first 5 to 6 years, and for this reason rotations were reduced
to 7 years, which appeared to be more profitable Furthermore, 1t appears that
the critical time i1n the development of the trees in the plantation occurs when
crowns begin to touch the 3rd or 4th year with a spacing of 8 ft (2 44 m) X 8 ft,
and 5th and 6th year at a spacing of 15 ft (4 57 m) X 15 ft, thus on poor sites

the wider spaced trees would cost less to plant, be larger and have a greater
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economic value (Comparing two plantations on poor sites, the value of the trees

at the wider spacing was 4 times greater )
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YIELD

According to Michel-Kim and Brandt (1981), the yield of neem varies between
10 and 100 tons of biomass (dried material) per hectare per year, depending upon
rainfall, site conditions and spacing, and 40 tons [12 § m3 solid wood/ha/yr
(based on lm3 = 800 kg)] can be achieved easily under the proper conditions

About 50 percent of the biomass 1s contained in the leaves, about 25 percent in

the fruit, and 25 percent in the wood

Gravsholt et al (1967) reports that the first rotation yield in Ghana was 30
to 38 cords of fuelwood per ha (approximately 13 5 to 17 m3/ha/yr solid wood),
and in Samaru in northern Nigeria, 7 5 to 67 cords (approximately
2 4 to 21 m3/ha/yr) Commonly in West Africa, plantations are cropped on an

8-year rotation, with a spacing between trees of 8 ft X 8 ft (2 4 mX 2 4 m)

Fishwick (undated) reports that on more suitable sites in Bornu Province in
Nigeria, the yield was 15 to 27 cords per ha per year (13 5 m3 to 24 3 m3 solid
wood) on a 7 year rotation The plantation spacing was 8 ft (2 43 m) X 8 ft, and
site conditions included soils comprising drift sands with a pH ranging from
50 to 75, and 2 mean annual rainfall varying from 380 mm to 762 mm (15 to
30 1in) An average annual yield for all plantations was 7 to 15 cords/ha (6 3 m3
to 13 5 m3)

In Nigeria, neem poles are in great demand for house construction

and fence posts because they are semi-resistant to termites, poles there realize a

greater price than fuelwood
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McComb (1967) reports plantation yields in Samaru, Zaria, Nigeria, of 300 to
2250 ft3 per acre for the first 8 year rotation crop (2 55 to 19 67 m3/ha/yr
solid wood), and 350 to 2250 ftalacre {3 to 19 67 m3/halyr) for the 8 year
coppice crops on the same plantations [The lower yields were for class IV sites,
while the higher ones were for class I sites, and the spacing between trees was
24mX 32 4m] Interestingly, the first 8 year rotation crop on class I
plantation sites showed an average incremental growth rate of 350 ft3/yr (after
the second year), while the coppice crop averaged only 250 ft3/yr There were no
significant growth rate nor yield differences on the class IV sites, and on the

class I sites the volume of the coppice growth by the 3rd year was almost equal to

the growth by the 5th year of the first 8 year rotation crop

Radwanski (1977c) gives the yields of the Majiya plantation near Sokoto,
Nigeria, as 520 ft3 per acre of fuelwood after 7 years (5 2 m3/ha/yr), and
after coppicing, 820 ft3 solid volume of fuelwood and 290 ft3 solid volume of
timber per acre (total yield of 8 6 m3/ha/yr) The plantation was planted in
1945 with "open-root" neem seedlings (assumed to mean bare-root), spaced 6 ft X
6 ft (approximately 1 8 mX 1 8 m) The average annual rainfall in this region was

31 in (787 mm) with a maximum of 47 ain (1194 mm) to a minimum of 20 in (508 mm)

Welle (1985) reports that trees grown in plantations in Haiti at 4 years of age
yielded an average of over 1 pole and O 09 m3 of fuelwood, but the volume of the
pole was not given Radwanski (1977d) gives a volume of 1 05 m3 for neem poles
in one plantation in Nigeria, while McComb (1967) reports a pole volume ranging

from 37 to 85% of the total wood produced
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COPPICE

Fishwick (undated) reports that plantations in Nigeria were cut to a stump
height of 8 e¢m (3 in), and coppice from such low stumps is less likely to suffer
from wind damage than from higher stumps Higher stumps also have a higher
incidence of dying off Gorse (1986) observed that by cutting at a stump height
of 1-2 meters, the number of poles produced by coppice will increase Early
growth 1s faster from coppice than from seedlings, reaching a height of 8 5 meters
(28 feet) 1n 3 years after cutting However, in Nigeria, the height of 8 year old
coppice was reported to have only equaled that of 8 year old trees started from
seedlings In plantations there, trees reached a height of 7 meters (23 feet) in
3 years and 12 meters (40 feet) in 8 years Approximately 66 percent of height 1is
achieved in the first 3 years after planting (Department of Forest Research,
1967) Radwanski (1977a) recommends a coppice management system every 3 years for
maximum biomass yield based on the observation that 66% of the tree's growth
ocours 1in the first 3 years However, this merits further research, since much

faster growth of coppice occurs once the root system is established, and a much

shorter rotation may give a maximum yield

THE CHEMICAL

Azadirachtin acts in two ways first as antifeedants and repellants, and
second, when some 1nvading insects manage to get past this barrier and reach the
treated crops, either they die on the spot or their hormone balance and genetic
makeup are so disturbed that they become permanently incapacitated and unable to

fend for themselves and breed normally (Radwanski and Wickens, 1981,

Jacobson, 1983)
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There 1s, however, a fairly rapid photo-degradation by sunlight of
azadirachtin after field application Vikwood Ltd of Sheboygan, Wisconsin has
developed a shelf-stable pesticide through collaborative efforts of the USDA in
Beltsville, Maryland The first product manufactured is HARGOSAN—OTH which was
patened for its stabilization enhancement as well as the processing method in
December, 1985 The product i1s claimed to be effective at least one year under
normal shelf-life conditions (Larson, 1986) It 1s thought that this chemical
cannot be economically synthesized because 1ts structure 1s so complex

Azadirachtin can be extracted from neem seeds in pure form (Jacobson, 1983)

Systemic Action -- Investigations by Gill, Lewis and Chadha (undated, 1971, 1972,

1977) revealed systemic uptake and translocation of azadirachtin and other neem
seed extracts in plants Systemic uptake of azadirachtin was demonstrated in bean
plants, wheat, barley, rice, sugar cane, grass, tomatoes, cotton, chrysanthemum
and small spindle trees Persistence of 1000 ppm of seed dust to dry soil weight
lasted over four weeks and at 1% for over 10 weeks Even when washed under a
simulated rain of 20 in (50 e¢m), the soil retained sufficient activity to protect
bean transplants The transplants transferred from treated to clean soil remained

protected for two weeks against the desert locust (Schistocera gregaria)

PESTICIDE
Efforts to increase food crop production are frustrated by many problems, pest
damage ranks among the most serious Over 20,000 species of field and storage

pests destroy approximately one-third of the world's food production annually,

valued at over $100 billion (McEwen, 1978)
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In developing countries, inadequate product knowledge, supply uncertainties,
and high prices cause inefficient pesticide use and also create additional
socioeconomic problems between the "haves" and the "have-nots" (Herdt, 1979)
Alternative strategies, especially those which are effective and low-cost, are
thus needed Azadirachtin, extracted from neem seed, may play an inportant role

in this respect (Brady, 1982)

Unlike most of the present pesticides on the market, azadirachtin 1s not known
to pollute the environment, and 1s nontoxic to man and most plants and animals
The Environmental Protection Agency recently approved the use of an azadirachtin
pesticide (to be marketed under the trade name Margosan 0TH on non-food crops,

and approval for use on food crops 1s expected in the near future (Larson, 1986,

Jacobson 1983, 1985)

Larson (1986) reports that Margosan OTM 1s a shelf-stable pesticide that is
non-toxic to humans, domestic animals, birds and honeybees Low concentrations of
active extracts from seed kernels, active against spider mites, were found to be

nontoxic against their predators--P persimills, and the spader, € mildel

(Mansour, et al , 1986)

Although all parts of the tree are repellant to insects, azadirachtin,
extracted from the seed, 1s outstanding as a repellant and feeding deterrent for a
broad spectrum of economic agricultural and household insects The pesticidal
qualaities of azadirachtin 1s well documented in the Proceedings of the First and

Second International Neem Conferences (GTZ, 1981 and 1984) The biologically
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active constituent, azadirachtin, 1s found 1in small amounts in aqueous and in
larger amounts 1n organic extracts of neem leaf, fruit, and bark, but mainly in

the seed Minor pesticidal components are the terpeniods salannin and meliantriol

Kinds of Pests —- Azadirachtin reportedly controls over 131 species (60 in the

U S ) of 1insects, mites, and nematodes--including such economically important
pests as the desert and migratory locusts, rice and maize borers, pulse beetle and
rice weevil, rootknot and reneform nematodes, and citrus red mite Modes of
control include antifeedant, growth regulatory, repellant, through hormonal
disruption, or pesticidal action, and in larval as well as adult stages of these
pests (ICOC, undated, Grainge, et al , 1984, GTZ, 1981, Radwanski, 1977a, Ketkar,

1976, Warthen, 1979)

Azadirachtin deters at least 45 species of crop pests in the United States
from feeding, inhibits the growth and development of others, and render others
sterile Such insects include the Gypsy moth that plagues the forest industry,
leafminer that i1s one of the most serious pests facing U S and foreign commercial
flower producers, Colorado potatc beetles, Japanese beetles, scale insects, cotton
bollworms and coakroachs The Environmental Protection Agency has approved the
use of an azadirachtin pesticide (to be marketed under the trade name Margosan 0)

for use on non-food crops, and approval for use on food crops 1s expected in the

near future (Jacobson, 1983, 1985)
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Locusts and Grasshoppers -- The earliest report in scientific literature on
neem as an insect repellant 1s perhaps that of Mann and Burns (1927) who observed
that during the 1926/27 locust cycle in India, no feeding by the adult was
observed on neem leaves Further research in India showed neem's effectiveness as
an antifeedant for locusts (Pradhan et al , 1963, Lavie et al , 1967, Pradhan and
Jotwani, 1968, Butterworth and Morgan, 1971, Attri, 1975, Batra, 1979) The first
opportunity to test laboratory findings under field conditions was in 1962 at the
Indian Agricultural Research Institute (IARI, 1962) during an invasion of desert
locust when large areas of different crops were given a protective spray of neem
seed suspension No feeding was observed on the sprayed crops, while crops
adjecent to the sprayed area were totally consumed, and the spray caused no damage
to the plants Adult desert locusts were observed not to feed on leaves sprayed

with a neem seed suspension [at a level of concentration as low as lgr in 1 litre

of water--0 001%)

The sulphur containing liquid fraction of neem seed cake has also shown to be
effectice as a antifeedant against migratory locusts (Radwansk:i, 1977c¢) 1000 ppm

of ground neem seed dust to dry soi1l weight lasted over four weeks and at 1% for

over 10 weeks

In Israel, azadairachtin injections into the 5th (last) instar of migratory
locusts prevented molt and resulted in overaged nymphs that died after 70 days

Males were unable to copulate (Ascher, 1986)
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In the Federal Republic of Germany, molting of migratory locusts was delayed
and inhibited by minute doses of azadirachtin, and 1injections into females during
the first four days after eclosion retarded or completely inhibited ococyte

maturation (Rembold, et al , 1986)

In Nigeria, passive extracts of neem were found to be effective as an

anti1feedant against the variegated grasshopper, Zonocerus variegatus (L ), and

when combined with the passive extract of Piper guineese, this produced a

significant, high mortality in the test insects (0laifa and Akingbohungbe, 1986)

Leafminer -- The USDA in a "commercial greenhouse experiment"” compared the
efficacy of neem seed extract, azadirachtin, used as a soil drench, to a
combination of insecticides used by growers and to an experimental, highly potent
insecticide, cyromazine (Trigard) The insect examined was a leafminer, Lirimyza
trifolii, which attacks vegetable and flower crops, and 1s one of the most serious
pests facing commercial flower crop producers in the U S and abroad The
experiment was conducted in an infested commercial greenhouse and USDA found that
under these real-world conditions 0 4% azadirachtin caused more mortality than dad
the most common insecticides used by the growers, and caused as much mortality as

did cyromazine (Larew, 1986)

Gypsy Moth -- Skatulla and Meisner (1975) demonstrated that larvae of the

gyYpsy moth (Lymantria dispar) are highly sensitive to different concentrations of

an aqueous extract of neem kernel incorporated in an artificial diet All larvae

died within 18-21 days, and a 100% mortality was obtained after 30 days of
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feeding Moreover, after feeding on neem-treated diet the molting process of
larve was 1inhibaited The affected larvae were unable to liberate themselves from
the old larval skin and head capsules, and died Similar results were obtained

when leaves of Quercus robur were sprayed under field conditions with a 0 5%

aqueous extract of neem seed All larvae of the gypsy moth when fed on

0 5%-neem-seed-suspension-treated leaves died after 15 days (compared with only 4%

on the control leaves)

Rice Insect Pests —- Neem seed derivatives are promising for use against
rice pests, such as sucking insects--the green leafhopper, Nephotettix virescens

{Distant), the brown planthopper Nilaparvata lugens (Stal), the whitebacked

planthopper Sogatella furcifera (Horvath), and the rice bug (Leptocorisa oratorius

(F ), and foilage feeders--the rice leaffolder Cnaphalocrocis medinalis (Guenee),

the ear-cutting caterpillar Mythimna separata ((Wlk ), and the rice armyworm

Spodoptera mauritia acronynctoides (Boisd ) Insects were found to feed far less,
grow poorly, and lay fewer eggs 1in rice plants treated with the oil, cake,

extracts or purified fractions, such as azadirachtin, and their formulations

(Saxena, 1986)

Cockroaches -- Margosan OTM. a commercial preparation of neem seed
extract, was tested for its effects as a toxicant, growth inhibitor, or repellent

against six species of cockroaches--Blattadorientalis L , Blattella germanica

(L. ), Byrstria fumigata Guerin-Meneville, Gromphadorhina portentosa (Schaum),

Periplaneta americana (L )}, and Supella longipalpa (F ) (Orthoptera Blaberidae,

Blattidae, and Blattellidae) Last-instar nymphs of these species fed Lab-Chow
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pellets inpregnated with neem extract at a rate of 0 5 ml/pellet showed increased
mortality and retarded development  All 1lst-instar nymphs of B orientalis,

B germanica and § longipalpa died after consuming treated Lab-Chow pellets
Topical application of 2 ul of Margosan-0 to the abdomens of last-instar

B orientalis nymphs, as well as injection of 0 5 ul, resulted in reduction of
growth and increased mortalaity Pint cardboard cartons treated with 1 5 ml

extract repelled adult P americana (Adler and Uebel, 1985)

CHEMICAL CONTENT OF THE SEED

The azadirachtin content of the seed may depends upon one or a number of
variables, and it 1s difficult to determine which one(s) All neem germplasm
originates in the Burma-India area, therefore, the differences in azadirachtain
content may be determined genetically and may be environmentally triggered or
influenced, perhaps by heat and/or water stress, high humidity, high or low levels
of rainfall, or soil nutrient content  Azadirachtin content may also vary greatly
depending upon the age of the tree, when the seed 1s picked, how it 1s dried,
stored, shipped, exposed to light, heat or cold, etc Some think azadirachtin
content of seed from trees 5 or more years of age 1s higher than that from younger
trees The only way this can be determined 1s by scientifically noting the

environment where the trees are growing (altitude, soil type, latitude, rainfall
and pattern, e g , was the tree water-stressed before fruiting®), determining the
age of the tree, collecting all seed at the same age or stage after fruiting
(green, ripe but still on the tree, fallen to the ground), and cleaning, drying,

storing, handling and analyzing the seed in the same manner
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Jacobson (1986) analyzed seed from some varieties from India that contained
only 1-3% of the chemical, while seed from Africa tested at 5-6%, and some as high
as 9% Also collections of neem seeds (reared from Togo-bred seeds) in June and
September have shown that the seeds from older trees contain larger quantities of
pesticidal compounds, especially azadirachtin Ermel et al (1986) analyzed seed
from 66 sources The highest contents were measured in samples from Nicaragua and
Indonesia, showing 4 8 and 4 85% azadirachtin, respectively High contents were
also measured in kernels from Togo, India, Burma and Mauritius 3 3-3 9%, whereas
samples from Sudan and Niger gave lower yields, 1 9% and 1 5% The incubation of
kernels under increasing temperatures and high air moisture resulted in
time-dependent decrease of the azadarachtin contents The exposition of extracts
toward sunlight and ultraviolet radiation also decreased the azadirachtin contents
remarkably Singh (1986) notes that an attempt to correlate the antifeedant
efficacy with extract yield and o1l content and these three factors with
environment often failed However, it was observed that seeds from neem trees

growing in dry areas near the desert possessed much higher biological activity

than those from trees growing in coastal areas

COMMERCIAL ECONOMIC FEASIBILITY

Establishaing neem plantations and extracting azadirachtin from the seed in a
developing country, such as Haiti, and producing this pesticide commercially in an
industrialized country, such as the United States, seem to be economically
feasible and attractive Vikwood Ltd expresses the amount of azadirachtin in the

seed 1n micrograms per gram, and they tested seed from various areas and obtained
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a range varying from a low of O 05 mg/g 1in some Caribbean seed to a high of 6 2
mg/g in some African seed Indian seed from several sources did not exceed 0 2
mg/g (Larson, 1986) USDA analyzed seed from some varieties from India that
contained only 1-3% of the chemical, while seed from Africa tested at 5-6%, and
some may be as high as 9% (Jacobson, 1985) Neem originated in the Burma-India
area, therefore, the high azadirachtin content of the African seed would either be
a genetic variance (perhaps environmentally triggered), age of the tree and/or
time of picking, a result of handling (cleaning, drying, storing or shipping) of

the seed, or perhaps a combination of all of them

Commercial operations may demand a more sophisticated and costly extraction
method than that being used 1in cottage industries in India  Azadirachtin should
be extracted from the whole seed with alcohol, which would yield more of the

chemical

The profitability depends upon several factors including the percentage of
azadirachtin that the seeds yield, the number of fruits that each tree yields, the
number of trees that a hectare of land can support (influenced by moisture and
so1l fertility, type and depth), the costs of plantation establishment, management

and maintenence, and the cost of processing this chemical

To maximize profitabilaity, planting stock used for plantation establishment

must be selected from the best genetic material from plus trees that produce a
maximum number of fruits of optimal size, weight and azadirachtin content (see

section on Research Needs)
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Production can also be enhanced by fertilizing neem plantations and by
irrigating them (preferrably by drip irrigation) on nutrient stressed soils Neem
production 1s retarded by nutrient deficiencies (see section on Toxicity, Pests,
Diseases and Limitations), and through drip irrigation, water needs are minimized
and amounts can easily be controlled if 1t i1s found that azadirachtin production
can be increased by stressing trees at fruiting time (see section on Research

Needs)

To demonstrate potential profitability of pesticide production from neem trees
and to emphasize the importance of using the best possible genetic material, the
following low-high variables are used (1) numbers of trees per hectare, 225-400,
(2) azadirachtin content, 2-9%, (3) fruit yield, 25-50 kg per tree, and wholesale
price of azadirachtin, $80-160 per kg (these are arbitrary figures and do not
reflect the price of azadirachtin) (For cost comparison According to the August

11, 1986, Chemical Marketing Reporter, 20% purified pyrethrum was selling for

approximately $82 50 per kg ($37 50/1b) It 1s assumed that plantations would
begin producing after S5 years, reaching full production at 10 years Although
speculative, an estimated yield of 25 kg per tree at year 5, graduating to 50 kg

per tree at year 10, 1s one variable considered
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GROSS PROFIT PER HECTARE PER YEAR

At 225 trees/ha At 400 trees/ha
X 178%

225 X 02 X 25X 80 =§ 9,000 $ 16,020
225 X 09 X 25 X 80 = 40,500 72,090
225 X 02 X 50X 80 = 18,000 32,040
225 X 09 X 50X 80 = 81,000 144,180
225 X 02 X 25 X 160 = 18,000 32,040
225 X 09 X 25 X 160 = 81,000 144,180
225 X 02 X 50 X 160 = 36,000 64,080
225 X 09 X 50 X 160 = 162,000 288,360

Investors interested in neem pesticide production wouldn't have to to wait to
establish plantations in a developing country Countries such as Haiti already
have a large number of neem trees planted along roads for aesthetics and shade and
in plantations for wood and pole production A commercial operation could begin
by purchasing fruits, seed or kernels for azadirachtin production from farmers and

the landless as 1is done in India

The cost of establishing, managing and maintaining plantations can partially be
offset by planting a higher density of trees initially On good soils with
adequate moisture in Haiti, neem plantations were established at a spacing of 2 5 X
2 5 meters (1,600 trees/ha) for wood production, and at 4 years of age, each tree
yielded 1 pole and 023 m3 of firewood In Haiti, neem poles sell for U S $1 00
ea and firewocod for $8 OOIm3 (Welle, 1985) If plantations established for
azadirachtin production were first closely spaced at 2 5 X 2 5 meters, and then at
year 4 thinned to 5 X 5 meters (400 trees/ha), a gross profit of $1,420 could be

realized from the wood thinnings, based on the Haiti yield estimates and prices



- 28 -

A PESTICIDE FOR DEVELOPING COUNTRIES

In less developed countries, the inadequate knowledge of a product,
uncertainties of its supply and high prices often lead to the inefficient use of
ats product (Herdt, 1978) Furthermore, the sophisticated technology and high
investment needed for the research, development and manufacture of synthetic
pesticides preclude their producton in many less developed countries Clearly,

this increases the vulnerablilty of those countries to disruption in their

supplies of pesticides due to natural or man-made causes (Ahmed and Grainge, 1985)

According to Ahmed and Grainge (1985), approximately 60-150 kg of neem leaves
would be ample to protect 2-3 metric tons of grain in storage {About 50-200 kg
of neem cake would be needed to protect one hectare of paddy in the field] Thus,
2-3 neem trees may be sufficient to provide material to protect one hectare of a
crop i1n the field and its harvest in storage Srivastava and Bhanotar (1983)

estimates that 19 mt of neem leaves per hectare (7 ton/acre) will protect a wheat

crop from termite attack

The Tongolese Republic's Ministry of Rural Development (undated, a & b) has
published two appropriate technology pamphlets on "The Preservation of Beans
(Cowpeas) with Neem 01l," and "Treatment of Cabbage and Gboma Against Pests with
Neem Seed Extract” that merit close examination for use in other developing

countries as a media to poplarize this technology

Grain Storage —- The use of various portions of neem has proven to be effective in

protecting a number of stored grains against insect damage In India, both neem
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leaves and whole, chopped or ground seeds (kernels), often added to stored grain
to prevent insect damage If the neem 1s not seperated from the grain before
cooking, a bitterness is imparted to the cooked grain However, Jotwani and
Sircar (1967) conducted organoleptic tests on grains that had been treated with
neem and stored for 12 months (2 5 parts ground neem kernels to 100 parts grain),
and after washing and cooking the grain, no taste or smell of neem could be
detected by any of the tasters Also, germination tests on the stored grain dad

not show any impairment due to treatment

Leaves -- Traditionally, for stored grain pest control, Indo-Pakistani
farmers simply mix 2-5 kg dried neem leaves per 100 kg grain, or they soak empty
sacks overnight in water containing 2-10 kg neem leaves per 100 liters of water
and then dry these sacks before filling them with grain Some farmers also apply
ground neem leaf paste to the inside of their earthen containers used for grain

storage (Ahmed, 1984)

In India, Pruthi (1937) reported that neem leaves mixed with grain or simply
kept over the stored grain in 5 to 7 em layer gave protection from damage by
storage pests Reports by Lall and Hameed (1969) and Singh and Sitaramaiah (1969)
revealed the possibility of controlling nematodes by green manuring with neem

leaves, which resulted in 50% reduction of root-knot nematode (infection with

Meloidogyne javanica) Leaves are also placed among woolens in India for

protection against moths (Henkes, 1986)
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Neem 0il -- As a grain storage pesticide, the Khadi and Village Industries
Commission (KVIC) in India recommends a neem oil application of 800 grams of o1l
to 100 kg of seed or grain (after washing) giving a cost benifit (cost of oil

weighed against savings in grain) of 5 times for grain and 12 times for seed

(Thery, 1978)

Powdered neem kernels -- A ratio of up to 2 5 parts of powdered neem kernels
to 100 parts of seed {wheat, mung beans, gram, peas, cowpeas, sorgum, lentil, dal
and pigeon peas) proved effective against insect pests [viz , grubs of the khapra
beetle, Trogoderma granarium Everts, adults of the lesser grain borer, Rhyzopertha

dominica Fab , rice weevil, Sitophilus oryzae Linn , bean bruchid, Callosobruchus

maculatus, the pulse beetle, Callosobruchus maculatus] for 8-12 months (Jotwani

and Sincar, 1965, Jotwani and Sircar, 1967, Deshpande, 1967, Yadav, 1973,

Ivbijaro, 1983, Can et al , undated)

Neem seed (kernel) extracts -- In Pakistan, neem seed extracts were found to
protect stored grains from insect attacks of three species Tribolium castaneum
Hbst , Trogoderma granarium Everst , and Rhyzopertha dominica F The tests
revealed that the extracts inhibited feeding and repelled the insects, indicating
that neem seed (kernel) extracts can protect stored grains from insect attack if
applied to bags or earthen pots (Ghulam and Malik, 1973) The cost of treatment

gives a benefit of 5 times in the case of bags and 12 times in the case of pots

Field Crops -- Mane (1968) determined that the antifeeding efficacy changes at

different stages of growth of neem Suspensions from over-mature fruits collected
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from the ground under neem trees were found to be more effective as an antifeedant
to suspensions from yellow and green fruits (The kernels from green fruits were
smaller in size, had whitish pulp, were shrivelled and light brown The second
stage consisted of mature fruits which were yellow to brown in colour with very
lattle pulp, while the third stage comprised fruits which had dropped after
maturity and were dark brown with practivally no pulp, in some cases only the seed
was left This indicates that kernels should be taken from the fruits which have
fallen off the tree after maturity Another report states that the kernels should
be hard (IARI, 1983), and Srivastava and Bhanotar (1983) say that neem seeds can
be obtained from natural fallen fruits, gathered easily under a neem tree during
fruiting season, and after breaking the ripen neem fruits, the kernels are taken
out and sun-fried Dried kernels are then ground to powder Literature
indicates that the biological activity in neem progressively decreases when the

kernels are stored for prolong periods

Neem kernel (seed) suspensions -- When locust swarms invaded Delhi in 1962,
standing crops at the Indian Agricultural Research Institute experiment satation
were sprayed with a 0 1% neem kernel suspension at the rate of 300-600 liters per
hectare depending upon the crop and growth stage and the spray caused no damage to
the plants No feeding was observed although the locust settled on the treated

crops In contrast, adjacent untreated crops were severly destroyed (Jotwani and

Sraivastava, 1981)

In another experiment in Gujarat, India, a solution comprised of a ratio of 10

grams of ground kernels to 10 litres of water was prepared and sprayed on sun hemp
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(Crotalaria juncea) and tobacco There, the hairy caterpillar (Amsacta moorei

But ) 1s a serious pest Plants in the unsprayed control were completely
defoliated, with stems eaten out, but the treated plants were not consumed at all

and all the caterpillars died after 36 hours (Radwanski, 1977c¢)

Water suspensions of crushed neem kernel were also used successfully against
several insect pests in Nigeria and Gambia According to Rednap (1979), an
Nigeria, these simple treatments--which can be safely prepared and applied by any
farmer according to his needs--were found to compare favorably with the following
commercial insecticides DDT, Endosulphan, DDT/BHC mixture and Carbaryl, and in
Gambia they proved to be more effective i1n some cases than the highly toxic
malathion In developing countries, neem kernel suspensions could to a large
extent replace conventional insecticides, particularly on food crops and

vegetables i1n remote villages where modern agricultural technology 1s either too

expensive or not available

Pradhan et al (1962, 1963) recommended spraying of 0 1% dried neem kernel
suspension (ten mg 1n one litre of water) for the protection of crops against the
desert locust, and also described a simple method of preparing neem kernel
suspensions which can be applied by using ordinary sprayers The kernels are
obtained after removing the hard shells of the seed should be crushed in a grinder
or household stone crusher (mortar and pestle), so as to give as fine a product as
possible To obtain the recommended concentration of 0 1% of the suspension, nine
grams of crushed kernels should be taken in a cloth bag of muslin, the bag should

be dipped in a bucket of water (nine litres capacity) and rubbed with slight
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pressure for about three to five minutes, when a light milky suspension will be
formed Some residue will be left, which 1f in sufficient quantity, can be
recrushed and the process repeated The suspension can be sprayed with any of the
conventional sprayers so as to ensure a thorough coverage of the foilage One
spray 1s likely to keep the crop save for a period of about two weeks, unless it
1s washed out by a fairly heavy shower of rain Spraying at two week intervals
will ensure continuous safety of the crop (or soon after heavy rain) Spray the
crop when either the locust swarm invasion 1s i1mminent or the hoppers are expected
to invade the crop, or immediately when the crop has been invaded by hoppers or

adults

Neem kernels were crushed into a pulp in a electric blender, and the paste
formed was diluted with water and strained through muslin cloth  This produces a
fairly stable suspension  Adult desert locusts were observed not to feed on
leaves sprayed with a neem kernel suspension [at a level of concentration as low

as lgr in 1 litre of water--0 001%]

The choice of these alternatives depends on the availability of neem seed,
spray arrangment, availability of sprayers, etc , and on the risk that the farmer
1s prepared to take When applied at the rate of 1,200 litres (approximately 240

gallons) per hectare, only 1 1 kg of kernel per hectare 1s needed The cost of
the neem kernel would be negligible in most areas where neem is planted, and seed
could be gathered beneath trees However, the potency of the spray would be
affected by the age of the seed at the time of making and applying the spray to

areas invaded by locusts In the Rajasthan region of India, the flowering and
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fruiting of neem coincides with the locust swarm invasion of the Thar Desert area

according to Srivastava and Bhanotar (1983)

Neem cake -- In India, neem cake 1s used to control a variety of pests
Farmers incorporate 1-2 tons of neem cake per hectare into the soil to protect
eggplant from borers, and tomato from nematodes and leaf spot disease Two tons
of neem cake per hectare 1s used as a fertilizer for sugarcane, and fields thus

treated usually show no sign of sugarcane borer damage (Ahmed and Koppel, 1985)

Mixed with urea, neem cake has been reported to be an excellent nematocyde
(Larson, 1986) Conclusive evidence presented in India shows that neem o1l cakes
(applied at the rate of about 1,800 kg/ha) are effective on a field scale in

controlling root-knot nematode [Meloidogyne javanical] (Singh and Sitaramaiah,

1966, 1969, Sharma et al , 1970)

Since 1978 entomologists at the International Rice Research Institute (IRRI)
in the Philippines have tested neem as a source of 1inexpensive "natural"
insecticide that causes no environmental damage Neem cake mixed with urea has
significantly increased yields of the insect-susceptible line of IR 1917-17 rice
in both wet and dry seasons at the IRRI farm by reducing the incidence of ragged
stunt, grassy stunt, and tungro virus diseases The reduction was probably due to
the antifeedant effect on plant hoppers, the main virus vectors (IRRI, 1982a)
Ahmed and Grainge (1985) state that approximately 50-200 kg of neem cake would be
needed to protect one hectare of paddy in the field [Thus, 2-3 neem trees may be

sufficient to provide material to protect one hectare of a crop in the field and

i1ts harvest in storage ]
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Applied to experimental rice fields, neem cake has reduced nitrogen losses 1in
experiments in India and at IRRI, apparently by inhabiting the nitrification
bacteria that form nitrate from ammonia  Nitrate is easily lost into the
atmosphere Expirmentation by Sharma and Prasad (1980) in India showed that for
rice production, neem cake-coated urea 1s as effective as sulphur-coated urea in
respect of grain yield as well as nitrogen uptake, and increased the recovery of
Nitrogen Neem cake-coated urea was superior to lac-coated urea and

sulphur-coated urea 1in respect to residual N effects (IARI, 1983)

Populations of ostracods -- crustaceans that feed actively on
nitrogen-fixing blue-green algae -- have also been reduced by applying neem cake,

thus encouraging algal growth and subsequent nitrogen fixation (IRRI, 1982a)

Neem 011 —- In tests at IRRI, 5 applications of a 25 percent neem o1l
emulsion sprayed with an ultra low volume applicator at 4 liters/ha gave adequate
insect protection to a rice crop The cost of the neem oil was about $5/ha
Sometimes the o1l 1s applied to the hair in order to kill vermin (Radwanski,

1977a)

MISCELLANEQUS USES

Neem parts and compounds are used 1in various other ways to control and repell

pests, and for medicinal purposes
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Veterinary -- A highly biologically active fraction has been seperated from fresh
neem kernels that shows remarkable antiviral activity against the Ranikhet poultry

virus and has blood-sugar lowering and antimicrobial properties (Sankaram, 1986)

In Nigeria, the Fulani use a poultice of the leaves to treat cattle wounds and
sores (Radwanski and Wickens, 1981) and the leaves are reported to have a
therapeutic or antihelminthic effect against worms in livestock In Sri Lanka,

the o1l 1s used as a fly repellent for cattle (Ganesalingam, 1986)

Insect repellant -- Leaves are also used to protect clothes, books, papers, etc

from the ravages of insects, but they are inferior to camphor for this purpose and
have to be renewed frequently (Radwanski, 1977c) Neem leaves are also placed in
baskets in which various fruits are transported from the farmland to urban markets

1n many parts of India and Pakistan for protection from fruit flies and other

pests (Ahmed, 1984)

Michel-Kim and Brandt (1981) report that the smoke of burning neem leaves
keeps mosquitoes and other insects away, however, i1t was not mentioned whether

this 1s a function of azadirachtin in the smoke or the smoke itself

Companion seeding -- Neem seed has also been sown together with other seeds
to protect the latter from insect damage In Berar, India, neem seed was direct
seeded along with seed of Acacia arabica in linner sowings using a mixture 75% of
A arabica seed and 25% neem seed The seeds of A_arabica when sown alone was

found to be subject to frequent insect attacks The A_ arabica seed when mixed
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with neem seed was virtually unharmed by insects (Radwanski, 1977a) In south
India, neem leaves are incorporated with the so1l in pits dug for planting coconut

(Ahmed, 1984)
Earthworms -- Ground neem leaves and seed kernels have shown to be benificial to
earthworms (Lumbricidae), decreasing mortality and increasing weight (Roessner and

Zebitz, 1986)

Medicinal and Prophylactiec -- Neem has been used in Hindu medicine practice 1in

India and elsewhere, mentioned in the earliest Sanskrit medical writings, and has
been proven to possess antidiabetic, antibacterial and antiviral properties (Dutt,
1910, Maegau, 1952 and Luscombe and Taha, 1974) The root bark, stem bark and
young fruit are used in Indian folk medicine as tonic and antaiperiodic, the seeds,
o1l and leaves as antiseptic, insecticide and local stimulant, flowers as
stimulant tonic and stomachic, gum as demulcent tonic, and a toddy is made and
used as refrigerant, nutrient and alternative tonic Simply sitting under a neem

tree 1s deemed healthy due to the cleansing vapors

Compounds derived from various parts of the neem tree are used to treat
fevers, thirst, nausea, vomiting, some forms of skin diseases (including leprosy
eczema, and ringworms), heat rash, boils, chicken pox, external ulcers,
tuberculosis, scrofula, diabetes, wounds, stomach worms and ulcers, jaundice,
hepatatis, prurigo, urticaria, urinary diseases, piles, warts, and scorpion and
snake bites Twigs are used as tooth cleaners and for general oral hygiene

(Mitra, 1963, Radwanski, 1977b) Neem 01l reportedly has these medicinal effects
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antibacterial, antihelminthic, antipyretic, contraceptive, antiulcer, antiviral,
antidiabetic, anti-inflammatory, antimalarial and cardicac active (Jacobson, 1986,
Radwanski and Wickens, 1981) Chaurasia and Jain (1978) found neem oil to be

active against all of ten bacteria tested

A program has been recently initiated in the United States to evaluate various
parts of the neem tree as anti-inflammatory and healing substances in dentistry,
and to determine their toxicological properties (Jacobson, 1986) Recent tests 1in
West Germany haveshown a bark extract to be of value in preventing and healing gum
inflammation And a West German firm has patented neem bark extracts for use as

active ingredients in toothpastes and tooth powders (Doria, 1981)

In Nigerian traditional medicine, Neem o1l 1s a popular remedy for the
treatment of Malaria Iwu et al (1986) found that neem 01l created a radox
perturbation in the blooe unacceptable for the normal development of the malaria
causing plasmodia  Althouth this state may be an effective malaria treatment, it

could be potentially harmful to the patient

Components of neem o1l are reported to have contraceptive effects Sinha and
Rair (1985) found neem o1l to completely immobilize human sperm within 30 seconds
of contact And in tests performed on numerous animals and 20 human volunteers,

pre-intercourse intraviginally-applied neem oil completely prevented pregnancy,

with no observed irritaton or side effects
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OTHER NEEM PRODUCTS

Neem 01l -- In India, o1l from neem seed (kernels) 1s chiefly used for the
manufacture of soap (approximately 60%), but 1t 1s also used as fuel for lamps and
for heat, as a lubricant for machinery (including the wheels on oxcarts), as a fly
repellant for cattle, for controlling headlice and for other pesticidal uses

Neem o1l contains over 35% saturated fats and virtually no polyunsaturated acids,
which makes 1t suitable for soap manufacture (Ketkar and Ketkar, 1984) With
better refinement, 1its products probably could be used for the manufacture of a
high-quality antiseptic soap, wax and lubricants, and for use as a pesticide

Neem 011 also contains some important aromatic compounds and steroidal substances

The o011 1s a non-drying oi1l, brownish-yellow 1in color, which has an unpleasant
odor and an acrid, batter taste The 011 contains about 2 percent of active
compounds that have promising potential in the manufacture of pesticidal and
pharmaceutical preparations The nature, constituents and quality of neem o1l are
subject to considerable variation due to the soil and climatic conditions and
other factors such as methods of harvesting, storage, processing/extraction and
other factors (Ahsan and Hahn, 1938) The chemical composition and physical
characteristics of neem o1l can be found in papers by Mitra (1963) and

Coursey (1964)

Neem 0il extraction —- In India, neem seeds (kernels) are pressed in
mechanical expellers to obtain the o1l The high o011l content of the seed allows
the o1l to be easily extracted by on a cottage industry level ("appropriate

technology™), and no specialized, capital-intensive equipment 1s necessary Minor
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extactions and refinements of the o1l performed with alchol and/or water can also
be performed at the village level Reports on the amount of o1l in the seed vary
from as low as 17% to over 59% According to Larson (1986), there 1s no evidence
at this time that the azadirachtin level rises linearly with the percentage of the
o1l since the Azadirachtin does not tend to follow the 01l in the extraction
process using ethanol According to Radwanski (1977b), the kernels constitute
about 45 percent of the fruit and yield about 45-49 percent o1l (25% of the whole
fruit), proper handling of the seed and more refined methods of extraction yield
higher levels of o1l The yield of o1l from the Ceylonese seed kernels 1is
reported to be the highest at 59 25% Larson (1986) states there 1s no evidence
at this time that the azadirachtin level rises linearly with the percentage of the
01l since the azadirachtin does not tend to follow the o1l 1in the extraction
process using ethanol Mitra (1963) and Ketkar (1976) estimates neem seed to
contain about 20% o1il, which contains about 2% active ingredients with
manufacturing potential for producing pharmaceutical and insect-repellent
preparations Singh (1986) notes that kernels from trees growing in humid areas
or areas with more rainfall yielded more o1l than those from other places Again,

the amount of 01l in the kernel 1is probably inherited and may be environmentally

influenced

Farmers can use a simple animal-drawn oil crusher ("ghanee") to obtain o1l for
themselves from neem or to make neem cake In larger, village level operations,
electrically-operated o1l expellers may be employed A number of both types exist
in India's rural areas (Ketkar and Ketkar, 1984), and many electrically-operated

expellers are run on a cooperative basis Ahmed and Grainge (1985) cites one
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cooperative i1in India that has two electric expellers with a total crushing
capacity of 10 tons of depulped neem seed per day (it 1s unclear 1f this 1s fresh
or dried seed) The machinery (expellers, boiler, filter press, shaft pulley,
decorticator and neem cutter) 1s manufactured locally The cost of the machinery
1s about $12,000 (U S ), and the superstructure $20,000, while a working capital
of about $30,000 1s needed The operation of the plant 1s relatively simple, the
work-force consisting of one mechanic and 12 unskilled workers Smaller,
one-expeller units can also be operated economically Because the neem-crushing
season lasts for about 3-4 months of the year, 1t 1s necessay to find other ways
the facility can be used to make the operation more economical, such as crushing

other 01l seeds

In India, farmers are paid approximately $0 10 per kilo for depulped and dried
seed, $0 08 per kilo for depulped and undried seed, and $0 04 per kg for fruit
with pulp The o011l content of the depulped seed 1s 12 percent, and that of the
fruit 7-8 percent Neem o1l currently sells for $1 20-130 per kilo from the
factory, and neem cake (a by-product), for $0 10 per kilo (Ahmed and Grainge,

1985)

The fruit yield of neem trees vary greatly, depending upon the environment and

their genetic capacity, and the seed comprises about 45% of the fruit [However,
the literature i1s unclear 1f this 1s by bulk or weight, and 1f by weight, whether
it 1s dried or undried ] Using an average yield of 20 kg of fruit per tree

(assuming this 1s dry weight), one tree would produce 9 kg of dry seed, and it

would take 66,667 neem trees to support a processing plant with a 10 mt/day
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capacity for 3 months at 5 working days per week At a plantation spacing of
3mX 3m (1,000 trees/ha), 1t would take approximately 66 hectares of trees to
support the plant, and at a spacing of 2 5 mX 2 5 m (1,500 trees/ha), 44 ha It

must be remembered, neem is a very demanding tree for space, moisture and minerals

Seeds should be dupulped soon after collection This may be done by soaking
them in streams, tanks or canals using baskets or special frames so that the pulp
is washed out into the water while the seed is retained in the basket or frame
It takes 4-5 days of soaking before the pulp seperates easily Were sufficient
water supply 1s not available, depulping may be done by mixing the fruit with mud

or ashed, trampling under foot, drying, loosening the adhering soil or ashes and

winnowing (Mirta, 1963)

In some areas of India, neem fruits are dried without depulping, which 1s not
desirable because fermentation soon sets in which affects the quality of the
kernel Well-dried seeds can be stored for up to 4 to 6 months 1n well-ventilated
sheds But 1f the deeds have not been depulped or dried properly, deterioration

soon sets in Well-dried, ripe seeds can be heaped up to a height of about 3 to

3 S meters [10 to 12 ft ] (Mirta (1963)

Neem o1l has an unpleasant garlic-like smell, and the problems of
deodorization, refining and purification in large scale industrial production have
yet to be solved However, the treatment of the o1l with alcohol separates most
of the odoriferous fraction It 1s in thas fraction that many active principals

with medicinal and insecticidal properties are concentrated These can be
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1solated and used 1in the manufacture of pharmaceutical preparations and of
pesticides, thus giving rise to various local industrial activities based on these

compounds

Aqueous extractions of neem o1l have been used successfully against locusts
and other insect pests (Radwanski and Wickens, 1981) Rao and Rao (1979) found
hot water extraction to be superior to cold, and the hot water extractions killed

100% of the brown plant hoppers tested

Neem Seed Cake —- Neem seed cake 1s the solid residue remaining after extraction

of the o1l - representing 80 percent by weight of the whole seed

Fertilizer —-- The use of neem seed cake organic manure for cash and food
crops in India attracted the attention of agriculturalists because of 1its
insect-repellant and insecticidal properties, particularly in the case of termites
and nematodes (Mitra, 1963) and its relatively high content of nitrogen, allowing
for partial substitution of nitrogenous fertilizers (Tilac, 1975) Compared to
farmyard manure and other organic materials, neem seed cake has a much higher

nutrient value (Radwanski, 1977a)
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Chemical Analysis of Organic Materials in Neem Cake
{Radwanski and Wickens, 1981)

% of the fresh matter

Organic Matter % Moisture N P K Ca Mg
Neem seed cake - 3 56 083 167 077 0175
Farmyard manure 76 0 S0 0 11 0 54 0 42 0 11
Cattle slurry 93 0 31 0 07 0 32 011 0 04
Pig slurry 97 0 20 0 10 0 20 ~- -
Sewage sludge 55 0 83 0 22 0 40 0 07 -

In a series of experiments conducted in India, the application of urea mixed
with neem cake has rendered this fertilizer more efficient and allowed for
considerable economy in its use a savings of 25 to 50 percent urea nitrogen,
giving 8 cost benifit (cost of neem cake weighed against savings of urea) of 12
times (Ketkar, 1976, Thery, 1978) And Lal et al (1982) also reported a higher
rice yield by combining urea with neem seed cake powder IRRI (1982b) notes that
by applying margosa (neem seed cake) mixed with urea helps inhibit nitrification,
reducing nitrogen loss through NO3 leaching and denatrification Margosa
application may hold promise for rice fields (paddys) where water cannot be
drained to allow topdressing In such situations, fertilizer is applied as a
single basal application Urea blended with margosa gave 0 6 t/ha extra grain
yield over single application, saving about 20% nitrogen at little extra cost in
fields where topdressing cound not be used because of poor drainage 1In Senegal,

Can et al (undated) reports a rice yield aincrease of 28% by combining 10% neem
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cake with urea Neem cake used regularly in flower and vegetable gardens results
1n healthy and vigorous growth of the plants and their increasing resistance to

fungal and pest attacks (Tilak, 1975)

Livestock feed -- Chemical processing of neem cake results in the formation
of a protien-rich, granular meal that can be used as a cattle feed Vijjan et
al (1982) report a higher growth rate in sheep resulted by incorporating 20% neem

cake into their diet

CHEMICAL ANALYSIS OF NEEM CAKE FOR LIVESTOCK FEED
(Ketkar, 1976)

COMPOSITION
percent (averaged) with o1l w/o o1l
Moisture % 12 © 4 65
Drymatter % 89 7 94 2
Carbohydrate % 36 31 46 2
(N F E)
Crude Protein % 22 64 16 05
Crude Fiber % 24 33 26 18
Fats (ether extract) % 5 02 8 6
Ash (mineral) % 11 5 53
Silicon or Insoluble Ash 4 95 0 88
Calcaium % 0 77 0 69

Phosphorus % 0 69 10 44
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Methane gas generation -- The pericarp represents about 50 percent by weight
of the whole neem fruit and this will give large quantities of pulp after
depulping of the fruit prior to oil extraction from the seed Neem fruit pulp 1s
reputed to constitute a promising subtrate in methane gas generation and it may
also serve as a carbohydrate-rich base for other industrial fermentations {(Mitra,
1963) In Banjul, The Gambia, the Gambian Council of Churches has set up a biogas

(methane) plant, using neem pulp for energy production in a rural agricultural

community (Jacobson, 1980)

Leaves -- Ketkar (1976) reports that a 7 5 to 8 meter tree on an average gives
about 350 kg of leaves However, it 1s unclear if this 1s from normal leaf drop,

from pollarding the tree, or total amount of leaves stripped from a tree standing

or when cut

The bitter leaves of neem are used also as a pot herb, being made into soup

and curry with other vegetables The slightly aromatic and bitter taste they

ampart to curries 1s much relished by some people

Fertilizer -- In some parts of India, the main objective of growing neem is
for its green leaves, which are puddled in paddy land prior to transplanting rice
and left to decompose, thus forming an excellent manure No other fertilizers
were needed to obtain good crops of rice (COSC, 1956-57) In some areas of Sri
Lanka, neem leaf mulch 1is regularly applied to tobacco and other crops (Radwanski,
1981)

The leaves of neem have also been used as mulch in tobacco cultivation in

Sra Lanka (Macmillian, 1962), and, in Gambia, tomato plants were observed to have
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matured several weeks earlier and had more and longer branches when mulched with

neem leaves (Redknap, 1979)

High costs and limited availability of chemical fertilizers may favor a more
extensive use of neem leaf mulch by poor farmers in developing countries who have
access to large plantings of neem trees In poor countries such as Haiti, where
fuelwood 1s scarce and large areas are in need of reforestation, large scale mixed
plantings of neem and other multi-purpose trees could halt the accelerated
depletion of the natural resource base, reduce flooding, increase sustained
sources of potable water and help solve the fuelwood shortage, while at the same

time help increase food crop production

Forage -- Neem leaves contain 25 percent protein and have a low fiber
content, but they contain bitter ingredients Domestic animals may browse neem 1if
other forage 1is not available, but 1t 1s rarely destroyed By and large, neem 1is
ignored by cattle, sheep and even goats, which makes 1t easy to establish
However, 1t 1s recognized as a suitable fodder for camels (Radwanski, 1977a)
Shaw (1985) reports that in areas of India, both cattle and goats now readily

browse neem, an adjustment to the paucity of more palatable forage According to

Fodder Trees of India (Singh, 1982), neem is regarded as a good fodder tree and 1is

very heavily lopped to feed goats and sometimes cattle The leaves contain
insecticidal compounds, but when these are extracted, the leaves can be used as a

high-quality animal fodder
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CHEMICAL DATA OF NEEM FOLIAGE FROM NIGERIA (Radwanski, 1969)

COMPOSITION LEAVES LEAF STALKS PODS
Moisture % 17 30 15 30 15 90
Calcium % 1 67 0 83 0 34
Magnesium % 071 0 27 0 40
Phosphorus % 0 91 0 13 0 24
pH 8 20 8 10 7 90
NEEM SEED

Neem begins to bear fruit in three to five years (Jacobson, 1980) The period
of collection of neem fruits naturally varies from place to place, depending upon
the regional climatic conditions In India, collection may begin as early as May
and extend through September, however, there seems to be two distinct fruiting

periods, May-June and August-September The fruits are collected from the trees

when fully ripe or are gathered from beneath trees

¥ield -- Neem produces fruits in 3-5 years and becomes fully productive in 10
Ketkar (1976) gives a yield of about 50 kg (110 1lbs ) per tree per year, Ahmed and
Grainge (1985) 30-50 kg (66 6-110 1lbs ), and Radwanska (1977b) lists 11 4-34 kg
(25-75 lbs ), averaging about 20 5 kg (45 lbs) About 2-3,000 fruits weigh one
kailogram, the de-pulped fruit yields about 1,800 seeds per kilogram

(De Jussieu, 1963), and 9-10 dry seeds weigh one gram (Singh, 1982) The ratio of
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seed to pulp i1s approximately 1 2, and fruit pulp and kernels account for 47 5%
and 10 1%, respectively, of the fruit's weight (Ketkar, 1979) For reproduction
seed preparation, the fruits are rubbed and washed to remove the flesh from around
the seeds After washing, the seeds are dried in shade and preferably stored in

dry, airtight containers

Viability -~ Neem seeds remain viable for only a few weeks, 1-2 months i1s probably
normal Therefore, they have to be sown quickly But when mature seeds are
depulped and adequately cooled and dried, they can be stored for longer periods
Reportedly, germination rates rapidly decline during storage Care 1s necessary
in the collection of seeds when they are fresh to obtain a high germination
percentage They should be collected when thoroughly ripe and sown as soon after

collection as possible

Germination -- Seeds germinate i1n about 2 weeks after sowing Fresh neem seed
germinates quite readily and scarification 1s generally not needed Research at
the Royal Botanic Gardens in Great Britian indicates that germination 1s improved
1f the 1inner shell 1s removed to expose the embryo before planting (Radwanski and
Wickens, 1981), and Smith (1981) reports the same But Singh (1982) recommends
that the seeds be cut across with a sharp blade and the cotyledons examined If

the cotyledons are green the seeds are sound, but 1f they have turned yellow or

brown, they will not germinate
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In more efficient containerized nurseries, it 1s desirable to produce a
sprouted seed i1n every container because less space 1s required and it reduces per
seedling labor costs Experiments were conducted by Operation Double Harvest 1in
Hait1i 1in an attempt to pregerminate neem seeds for transfer to containers,
however, the research showed that 47% of pre-germinated seed had a major tap root

deformity (crooked or looped), while the roots of only 7% of dry sown seed were

deformed (Larson, 1985)

Fagoonee (1983) found that germination is best when seeds that have fallen
from trees during the preceding week are soaked in water for about 3 days,
depulped and cleaned, then sown directly into the nursery in damp soil The

soaking breaks the dormancy by neutralizing the germination inhibiting chemicals

found in the shell of the seed

But Ezumah (1986) concluded that Neem seeds do not require a period of
after-ripening Seed origin, year and time of production have no significant
effect on germination and longevity Sun-drying does not adversely affect
viabilaty and appears preferable to air-drying to bring seed moisture content to
10% or less before storage The method of seed cleaning also has no significant
effect on germination and longevity, thus, decomposing the pulp before washing by
keeping the fruits in a heap 1is easier than peeling the pulp from fresh fruits
Cold storage adversely affects the viability of neem seed, seeds stored at room
temperature (260—2800) retained some viability for 16 weeks, while viabilaity

lasted for only 12 weeks at cold storage (60—7°C)
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PROPAGATION TECHNIQUES

Most commonly, neem seedlings are propagated in the nursery and seedlings
transplanted to the field, although direct sowing has been successful in some

areas 1f rainfall 1is adequate (Troup, 1921, Welle, 1985)

Although neem needs laght, young seedlings can suffer from strong solar
radiation, thus a light shade 1s desirable during the first season of growth
Sudden exposure of seedlings without first hardening off will result in a high
rate of mortality Seedlings naturally regenerated under old stands often die

when the trees are cut and the canopy 1s opened (Fishwick, undated)

Nurseries -- In the nursery, seedlings are either grown in containers (plastiec
bags or root-trainers) or in seedbeds Germination starts in about eaight days and

continues up to about three weeks

Bags and other containers —-- Seeds are sown directly into the container
filled with pottaing soil and are ready for transplanting in 12 weeks
(CATIE, 1986) In Haiti, seedlings are grown in containerized nurseries and

transplanted in 3-5 months, depending upon the rainfall pattern (Welle, 1985)

Seedbeds -- If the nursery 1s irraigated, seeds can be harvested early, in
April, and planted in the nursery The seed should be lightly covered with earth
and sparingly watered, the soil kept loose to prevent caking Singh (1982)

recommends a spacing of 5 cm in-row and 20 cm inter-row, planting the seed at a

depth of no less than 1 em to minimize rodent damage Fishwick (undated) states
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that seeds should be sown thickly in lines 30 cm apart, selectively thinned when
the seedlings are about 8 cm high (3 1in) to a spacing of 8 cm, and selectively

thinned again in 4 to 5 months with only the best stock remaining at a spacing of

about 23 cm (9 in)

Method and Transplant Time -- Recommendations of what form, age and height of

neem for transplanting vary

Seedlings -- If seeds are planted early in April, seedlings should be ready
for transplanting by July (4 months), reaching a height of 15 to 20 cm De
Jussieu (1963) and Troup (1921) report that neem fruits from April thru July, and
seeds are planted in seedbeds in an partially shaded nursery as soon as possible
after harvest, around the middle of July when the rains begin, and are ready for
transplant by the next rainy season, after reaching a height of about 0 80 to
Inmn Radwanski (1977a) and TAREC (1986) indicate that seedlings are ready for
transplant in about 12 weeks when they are 7 5 to 10 em high (3-4 in), with a
taproot approximately 15 cm long (6 1in) Mirta (1963) recommends transplanting
when seedlings reach 7 5 to 10 ecm (3 to 4 i1n ) high According to Singh (1982),
seedlings transplanted younger than one year have a poor survival rate, this does
not hold true according to experience 1in Haiti, where the survival rate of

3-5 month container grown neem transplants i1s 85% (Welle, 1985)

Root balls -- Seedlings that have not been planted during the first year are
kept until the following season and sometimes until they are 2 years old Year

old seedlings are carefully uprooted from the nursery leaving a ball of soil
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around the roots, and are transplanted as soon as possible Planting 1s done 1in
July-August in pits dug in April-May, which allows weathering of the soi1l, and 1if
rain immediately follows, good survival rate is ensured 1In dry areas, about 90%
of the leaves are removed, reducing evapotranspiration, and decreasing transplant
shock The areas in the vicinity of the trees must be kept weed free

(Singh, 1982)

Stumps —- In India, stumps are usually prepared from 2 year old seedlings,
although 1in irrigated nurseries, year old seedlings may attain the desired size
for stump preparation The seedlings should be uprooted with care to avoid
splatting or breaking the taproot Stumps are prepared with 22 cm roots and 5 cm
shoot portions and wrapped (bare-rooted) in moist gunney sacks and kept in the
shade until transplanted Just before planting in 30 cm3 pits, desiccated root
and shoot tips are pruned (Singh, 1982) In Nigeria, Fishwick (undated) found
that seedlings cut to a stump height of 0 3 m (1 ft) were better than taller ones
because they were easier to handle and provided sufficient buds for sprouting, and
were not damaged by wind, which whipped taller ones, loosened the soil and exposed
the roots Roots were trimmed to 30 em (12 in), with most of the new growth
produced by the callus that forms at the point where the roots are trimmed
Survival was increased when the seedlings were cut in the seed bed rather than at

the time of lifting because shock was reduced by not cutting, lifting and
transplanting at the same time, and a callus tissue would form on the shoot wound
before lafting In Africa, Gorse (1986) cut canes to a height of 1 S meters and

removed all leaves before transplant, and in this way the bark i1s already hardened

and not as susceptible to damage by animals
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Tissue culture-- The use of tissue culture and cuttings to produce neem for

reforestation has been deemed unrealistic in most cases because of the high cost
of a production facility, and the relative ease of producing seedlings (Sommer
and Caldas, 1981) Also, 1t 1s questionable whether tissue-cultured plantlets
and cuttings will develop full taproots However, it could be economically
justified to screen and reproduce plants of unique germplasm (such as a tree with
an unusually high azadirachtin content) in this manner for seed orchard

establishment in more moist areas, which would not be affected by limited taproot

development

Neem has been successfully tissue cultured from leaflet callus tissue and from
stem tissue by growing it in modified Murashige and Skoog media, producing roots
in 40% of the cultures and developing into complete plantlets in a supplemented
medium (Sanyal et al , 1981, Jaiswal and Narayan, 1984, Narayan and
Jaiswal, 1985) In further tissue culture research, Schultz (1983) was not able
to achieve root initiation as reported by Sanyal et al (1981), which supported
research by Rangaswamy and Promila (1972) describing the differentiation of
*growth centres' in Azadirachta callus and the eventual shoot bud formation with
rarely any rootaing Again, 1t 1s questionable whether a normal length tap root

will develop from tissue-cultured plantlets, which would exclude their planting in

water stressed areas

Cuttings -- Neem can also be propagated by cuttings, which require a production
period of six months to one year (TAREC, 1986), but again the development of a

normal taproot would be doubtful Air layered branches treated with IBA or NAA in
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lenolin paste at 0 1% develop roots satisfactorily (Shanmugavelu, 1967) In
Nigeria, Fishwick (undated) records that in Maiduguri a number of neem shoot
cuttings were treated with a rooting hormone (Seradex B) and then placed in pots
A number took, but did not survive after being transplanted 1In Sokoto, the work
was repeated, but cuttings were covered with polythene bags, and a number survived
after being transplanted It was found that a significantly higher proportion of
the cuttings took root when they were taken and prepared at the start of the rainy

season

Direct Seeding --In the literature, the term direct seeding (sowing) 1is used in

two ways direct seeding in the nursery and direct seeding in the field In India
and Nigeria, direct sowing 1s reported to have proven more successful for
reforestation than transplanting, however, this 1s when areas to be sown are well
prepared (similar to land preparation for sowing food crops) Direct seeding on
hard and inhospitable soils has not been very successful But establishment and
growth can be greatly enhanced when seeds are sown in bore holes that have been
dug 1n these hard soils and filled with a fertile potting mix  Research has shown
that hole size on difficult sites can significantly enhance establishment and
growth of transplanted seedings  Although drilling bore holes with a post-hole
auger and filling them with a potting mix may to some seem expensive, the cost 1is

comparable to nursery raising and transplanting seedlings

when direct-seeded, neem establishes an extensive root system before aerial
growth becomes rapid (NAS, 1980) Site preparation and transplanting are the two

biggest costs of reforestation, and direct seeding can markedly reduce
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transplanting costs De Jussieu (1963) reports that aerial seeding has been tried
but yielded poor results, since the chances of survival for the seeds 1s much

lower than direct seeding on prepared land Gorse (1986) recommends the use of a
groundnut planter and weeder for direct seeding neem and for weeding, and covering

the seed beds waith a 10-15 cm mulch of groundnut hulls

Welle (1985) reports that direct seeding has proven to be a viable method of
establishment in Haita Seedlings raised in nursery beds are ready for
transplanting during the first rains when they are 7 5 to 10 em (3 to 4 inches)
high Sometimes seedlings are retained in nursery beds and transplanted during

the second rainy season (ICOC, undated)

Methods of direct seeding vary (Radawanski, 1977a, Singh, 1982, ICOC, undated)

and include

In India (a) The soil 1s worked to a depth of about 15 cm and the seeds are
sown at a depth of 1 5 cm Sowing 1s done either in patches or lines, 1in the
former they are spaced about 3 X 3 m, and spacing between lines 1s about 3 m A
seed rate of about 3-4 kg per hectare Weeding 1s necessary and seedlings are
thinned at the end of the first season, leaving two seedlings per patch or two
seedlings per meter length of the line (b) Seed was sown at hagh and dry sites
that had been plowed twice No watering was done, but the seedlings were kept
free of weeds In less than three years, the plants were 7-8 feet high, the
growth being equal to or better than that of transplants that had been carefully

watered and tended Trees in similar plantings at another site measured up to
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12 feet 1n 3 years (c) Direct seeding into mounds of earth 12 feet by 4 feet by
1 5 feet on sites receiving 24 inches (600 mm) of rain annually produced plants
that reached a maximum height of 4 5 feet in one year (d) Neem was sown 1n
combination with the cultivation of sesame, cotton and the lesser hemp in an area
with an annual rainfall of less than 500 mm (20 in) The sown lines were 0 3 m

(1 ft) apart, three lines of field crops to one line of trees, so that the latter
were 1 2 m (4 ft) apart Sowing of both field crops and trees was done after site
preparation by plowing and harrowing The lines of trees were weeded twice during
the first rains The trees reached a heaght of 5 m (16 ft) and girth of 43 cm (17
in) in three years (e) Direct sowing into plowed furrows in black cotton-soil
produced trees with a maximum height of 1 5 m (5 ft) after 1 year (f) Success

has been achieved by dibbling neem seed under Euphorbia bushes

In Nigeria, Fishwick (undated) reports successful direct seeding at the bases
of the native cover, with a survival rate of about 40 trees per hectare It was
observed that although the rate of growth 1is generally slower than on cultivated

sites, 1t had merits of simplicity and cheapness to enrich degraded forest area

In northern Nigeria, neem interplanted on farms among groundnuts, beans, and
millet showed markedly superior growth When the crop was harvested, a healthy

stand of neem seedlings was left behind (NAS, 1980)

Natural Reproduction -- Under natural conditions, the fruit (seed) ordinarily

drops to the ground during the rainy season, and germination takes place in one to

two weeks Neem reproduces naturally with tolerable freedom, especially around
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trees growing in moist, sandy soils Naturally regenerated seedlings have been
used for reforestation, but they do not compare in vigor with good nursery stock
Their root systems are poorly developed, they are very sensitive to sunlight, and
they lack buds (Fishwick, undated) In Haiti, a number of volunteer seedlings
were dug up from under a tree, 22% were highly deformed, and only 39% could be
rated as having well shaped tap roots (Larson, 1985) Neem establishes well under
bushes and scrub (Troup, 1921), though i1nitial growth 1is usually slower

{NAS, 1980) Bats and birds are reported to spread neem by eating the fruit and
depositing the seed elsewhere, and spontaneous individual trees and stands of neem
trees are reported to have been established in this manner in several countries in
Africa, in India and in Hait: Some feel that bats spread more seeds than birds,
and larger numbers of volunteer seedlings can be found under trees where they

roost (De Jussieu, 1963, Gorse, 1986, Brouard, 1987)

SURVIVAL AND DISADVANTAGES OF PLANTING TECHNIQUES

There are disadvantages to planting neem seedlings early, without
hardening-off and with inadequate tap root and root system development, for
survaval would be low especially in water stressed soils There are also distinct
disadvantages to planting overage seedlings First, 1t 1s very costly to keep and
care for seedlings in the nursery for one to two years And the added weight of
seedlings with a soil root ball drastically increases transportation costs and
reduces the number of seedlings that can be delivered to the planting site,
especially 1f they are hand carried Another problem when seedlings are

transplanted bare-rooted, they suffer severe transplant shock, roots dry out, root
hairs and beneficial mycorrhizae die, survival rate 1s decreased, and growth rate

15 retarded
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The rate of seedling survival i1s influenced by a number of other factors
besides age of seedlings and methods of transplanting Genetics play an aimportant
role, and seeds should be gathered from plus trees of the desired phenotype Also
the size of the seed influences survival and early plant growth, larger seeds
produce a much stronger seedling (maternal influence) Seedlaings with a well
developed root system (such as those promoted by "root trainers,”™ and through
fertilization, and those which have been inoculated with mycorrizae) can withstand
drought much better and have the capacity for a more immediate and larger uptake

of moisture and minerals, thus will have a higher survival rate

In compacted and eroded soils, survival can be influenced by the size of the
hole i1n which the seedling 1s planted A larger hole allows for increased water

infiltration because of the uncompacted soil, and 1t also allows better
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development of the root system In nutrient-poor soils, i1t should be possible to
gain a higher rate of establishment by boring or augering a hole ainto the ground
about 10 cm (approximately 4 in) in diameter by 15-23 cm (approximately 6-9 ain)
deep, replacing the displaced soil with a good nutrient-rich nursery mix, and
seeding directly into the hole This would greatly reduce reforestation costs,

doing away with the expensive nursery operation

The loosening of soil to prevent caking (in some soils), which promotes
sol1l-aeration and increases moisture percolation, 1s found to be most beneficial
Research indicates that on undisturbed soil, less than 25% of the rain falling on
1t 1s absorbed, but up to 60% when frequently hoed,mulching plus hoeing increased
the absorption up to 90% (Fishwick, undated) In either case, direct sowing has

been found to give better results than transplanting nursery-raised plants (Troup,

1921)

Also, neem 1s intolerant of grass competition and needs thorough weeding,

especially in dry areas, to obtain good growth (NAS, 1980)

Weeds -- Thorough weeding without watering 1s found to gain results almost, if not
quite, equal to those attained by irrigation and weeding Because weeds compete
for moisture and nutrients, early growth of seedlings 1s much retarded, and
regular weeding and cultivation stimulates neem growth and vigor Research
carried out in Dehra Dun, India, has shown that seedlings that were weeded reached
a height of 0 6-1 4 meters (2-4 5 feet) by the end of the second season, but only
0 5-1 meters (1 66-3 25 feet) 1f not weeded Later, the seedlings that were not
weeded were killed by weed suppression and frost (Troup, 1921) Experiments 1in

Nigeria have shown that some tillage during and at the end of the wet season has a

remarkable effect on the growth, health and survival of neem in the first year

when interplanted among groundnuts, beans and millets (Mackay, 1952)
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Fishwick (undated) concludes that once established and rooting below the upper
zone of competition, the presence of weeds and grasses does not seem to affect the
tree growth, although it should be noted that perennial grass roots have been

observed at depths of over 3 meters (10 ft)
Spacing -- Neem seems to be very nutrient-demanding, and has been known to send
out lateral surface roots reaching over 18 meters In Nigeria, a spacing of 1 8 m

X 18 mis recommended (De Jussieu, 1963)

Root Formation -- Roots that have been pruned (as suggested i1in the stump planting

method) may not regenerate into a long, normal taproot (rather they develop
several shorter pseudo taproots, which are not as long as a normal one) Fishwick
(undated) found--by digging--that a 2-year old tree planted from a stump possessed
7 taproots each with a 1 27 cm (1/2 1in) diameter at a depth of 12 ft (full depth
of penetration was not recorded) [Actually, these were probably psuedo taproots,
since trees normally have only a single deep taproot if grown from a seed ]
Without a normal taproot, the plant would be limited in 1its ability to penetrate
into low water tables and reach nutrients in lower soil horizons During drought,
when water tables drop considerably, the trees may die Similar daifficulties
would be encountered when trees are established from cuttings, for they do not
generate normal taproots This might explain the die-off of the neem plantations
(established by stump cuttings and from seedlings with the taproot pruned) in
Maiduguri, Nigeria, reported by Faishwick (undated) and elsewhere by others

(Labelle, 1985, Gorse, 1986)



- 61 -5

AGROFORESTRY POTENTIAL

Radwanski and Wickens (1981) report, "Neem cannot be grown among agricultural
crops since it will not tolerate the presence of any other species 1n its
immediate vicinity, and 1f not controlled, may become aggressive by invading
neighboring crops " But Makay (1952) reported that even though neem seedlings had
been hidden under a 10 foot crop of millet, they were still healthy after the
millet was harvested Others state that neem can be planted in combination with
fruit cultures and crops for feeding cattle (e g , Pennisetum pedicellatum, as
suggested by Misra, 1960) Recommendations have been made for combinations of
neem with sesame, cotton and hemp (Howaldt, 1980), with peanuts, beans, sorghum

(Radwanski, 1969, 1970, 1977a), with Acacia arabica (Syn A_ nilotica) and cotton

(Troup, 1921), and with Khaya senegalensis (Giffard, 1979)

In Nigeria, a form of taungya was used for neem plantation establishment and
farmers cultivated groundnuts, beans and millet between the trees, but the forest
department planted the trees These plantations were superior in survival and
quality to plantations established by other means, and the cost was much lower
In areas where neem plantations were cleared, groundnuts were cultivated and
yielded 3 times the average for other fields (Fishwick, undated) Neem did
surprisingly well under millet Although hidden under a 3 meter (10 foot) high
crop 1n August and September, growth of seedlings did not appear to have been

retarded and when the millet was harvested in October, a healthy stand of neem was

left behind (Mackay, 1952)

It 1s known that the compounds found in neem are not only effective against
insect pests and beneficial in the efficient use of nitrogen, but they also affect

some fungi and bacteria  Thus, the tree may have a saignificant influence
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on the balance within the microfauna, fungi, and bacteria communities Because
plants depend upon a certain microfauna and a special complex of bacteria and
fungi, 1t 1s possible that where neem changes the composition significantly,
problems may arise The effect of neem may be both positive and negative, and

research 1s needed to prove or disprove these factors (Michel-Kim and Brandt,

1980)

Perhaps neem 1s allelopathic to some crops There are many conflicting
statements as to 1ts compatibility as an intercropping with food crops, some agree
that 1t has poor agroforestry potential because of 1its interference with other
crops or vice versa There 1s no clear explanation made as to the intolerances,
either of neem to other crops or vice versa Or the reason may be that since neem
fruits produce a systemic, somewhat repugnant chemical, food crops may take up
this chemical from fruits falling on the ground once the tree begins bearing fruit
(usually at 5 years) Food crops might then have a bitter taste, hence the
reference that neem 1sn't a good species for agroforestry Research 1s surely

needed to prove or disprove neem's incompatibility as an intercrop and

agroforestry species

The answer may be to plant neem in mixed forests in combination with pasture
Michel-Kim and Brandt (1981) suggest that up to 20 percent of the area could be
rlanted to neem, and village plantings could constitute up to 15% Neem would
also be a good species for use i1n a sequential agroforestry system as illustrated
in Radwanski's and Wickens' paper (1981) Another excellent of use of neem in

agroforestry systems 1s for windbreaks In the Majjia Valley in Niger, over
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500 km of windbreaks (a form of agroforestry) comprising double rows of neem trees
have been planted to protect millet crops and to supply wood to local villagers
This has resulted in a 20% grain yield 1increase for local farmers and the
windbreaks are lopped and provide needed fuel and construction wood to villagers

(Long, 1986, Bogentteau-verlinden, 1980)

Perhaps one of neem's best agroforestry potentials 1s where it 1s grown it for
i1ts various useful products (leaves, neem cake, etc ) but not intercropped with
food crops, and in a cut-and-carry system, applied to food crops as a fertilizer

and pesticide

Michael-Kim and Brandt (1980) estimate the yield of neem between 10 and 100
tons of dried biomass per hectare per year, depending upon the micro-environment,
and 40 tons should be easily achieved About 50% of the biomass is contained in
the leaves, 25% in the fruit, and 25% in the wood (it 1s assumed that this is

sustained yield)

SOIL IMPROVEMENT

Neem leaves and twigs have been successfully used as mulch and fertilizer 1in
Ceylon, India and Burma (see section on Leaves) Neem seed cake (the residue left
after extracting o1l from the fruits) 1s reportedly an excellent fertilizer, many
times richer in plant nutrients than manure (see section on Neem Seed Cake) Neem
has been successfully used to reclaim semi-arid wastelands, particularly in India

{NAS, 1980)
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Neem 1s a non-leguminous tree and there 1s no symbiotic nitrogen fixation in
the so1l However, free-living, nitrogen-fixing bacteria are known to be C
heterotrophic and thus dependent on the supply of organic carbon for their energy
(Mengel and Kirkby, 1978) It 1s possible therefore that a substantial increase
of the organic carbon content in the neem soil may create conditions favorable for
the proliferation of those bacteria and a consequent increase in the supply of
plant-available nitrogen Termites active in the decomposition of dead wood may
constitute another source of nitrogen They have been found to possess
nitrogen-fixing bacteria in their hindguts and their activities may also result in
an increased nitrogen supply under neem (Benneman, 1973, Breznak et al , 1973)

By tunneling, termites also increase water percolation into the soil

Nye and Greenland (1960) have shown that the content of organic matter in the
so1l 1s often considerably increased bny fallow periods in which woody species
increase, and that nitrogen and other nutrients increase at the same time Neem's
extensive root system can extract nutrients from deep subsoils and enrich surface

soils through litter, thus increasing soirl fertility and at the same time adding

valuable organic matter

In northwest Nigeria, significantly higher total cations, cation-exchange
capacity, base saturation, and pH were observed in soils under neem than in
similar soils in bush-fallow (Radwanski and Wickens, 1981) In a case study on
red acid sands of desert origin, 2 phases of the same so1l series, one under neem
and the other under bare fallow farmland, were examined Ten topsoil samples

(0-7 5 cm and 7 5-15 cm) from each phase were analyzed and the results showed some
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striking differences The average pH value of red sands without neem was 5 4 in
the fairst and second layer, and the average pH in the corresponding layers under
neem was 6 8 A substantial increase in the soil pH values under neem was due to
the accumulation and decomposition of leaf litter and i1s a surface phenomenon
The pH of neem leaves was 8 2 The content of organic carbon had risen from

0 12 percent under fallow to 0 57 percent under neem, and the total nitrogen
content increased from 0 013 percent in the top layer of the fallow soil to

0 047 percent in the corresponding layer of the neem phase (Radwanski, 1969, FAO,

1968)

However, the phosphorus content in the fallow phase (201 and 190 parts per
million) was haigher than in the neem scil (131 and 106 parts per million)
Phosphorus content of neem leaves appears to be relatively low and it 1s possible
that this element 1is stored in other parts of the plant, such as fruits, bark and
roots The most striking difference was between the total cations, base
saturation and exchange capacity, particularly in the top 3 inch layer There 1s
no doubt that observed increases under neem were largely due to the accumulation
of the bivalent cations calcium and magnesium (Thery, 1978) The total cations
increased from an average of 0 39 milli-equivalents/100 grams soil i1n the fallow
to 2 40 milli-equivalents under neem, the cation exchange capacity from 1 70-2 25

milli-equivalents and the base saturation from 20-98 percent

The leached and degraded sandy soils of the type described here are not
uncommon 1n dry savanna regions of west Africa and the proven capacity of neem to

improve their productivity renders this tree eminently suitable for inclusion in



- 66 -

forest fallows and also for planting on soils unsuitable for farming In the
latter case, neem can be established without displacing other crops (Radwanski and

Wickens, 1981)

SOAP MAKING AS A COTTAGE INDUSTRY

Radwanski and Wickens (1981) feels that making soap from neem o1l 1is presently
the most feasible industrial development for neem in the developing countries
Neem o1l could replace edible o1l employed in soap making, thereby freeing the
later for dietary use  Soap produced from neem o1l also has beneficial medicinal
properties In India, the major use of neem o1l 1s for making soap There, soap
making 1s often a traditional household activity, and 1ts expansion, based on
simple techniques waith locally available neem o01l, will create sound village

industries Paul (undated) in the Directory of Mass Employment details the neem

soap making process in India

Processang -- In India, neem fruit are sundried and stored until December or even
later, when they are decorticated and the kernel pressed However, drying neem
fruit without depulping 1s not desirable because fermentation soon sets in, which
affects the quality of the kernel The fruits should be depulped soon after
collection This may be done by washing them in streams, tanks or canals using
bamboo baskets or special frames so that pulp i1s washed out into the water while
the seed (kernels) 1s retained in the basket or frame Where sufficient water 1s
not available, depulping may be done by mixing the fruit with mud or ashes,

trampling underfoot, drying, loosening the adhering soil or ashes and winnowing
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The seeds contain a lot of moisture and deteriorate rapidly during storage,
and 1f dried improperly will char as a result of the heat produced by
auto-oxidation, thus reducing the yield of o1l Therefore, 1t 1s important to

clean and dry the seeds as thoroughly as possible before storage (ICOC, undated)

Neem fruit in India 1s collected by farmers and the landless poor who collect
them from trees growing in their home lots, along roadsides, or in the wild and
are paid the following approximate prices brought to centers US $0 10/kg for
depulped and dried seed, $0 08/kg for depulped and undried seed, and $0 0O4/kg for
undepulped fruit Ketkar and Ketkar, 1984) Fruits are collected from trees

growing wild or along roadsaides

For depulping, neem fruit 1s soaked for 4-5 days in water and then trampled
upon or rubbed vigorously This separates the skin, which 1s used for organic
fertilaizer The seed thus depulped 1s then dried, and the Indian Central Oilseeds
Committee (undated) reports that in this form 1t can be stored in well-ventilated
storage sheds for up to a year without losing 1ts pest-control effectiveness
However, Larson (1986) observes a marked deterioration of the azadirachtin level
occuring in a short time even when the seed 1s stored in veltilated sheds on
shallow trays, and feels that storing well dried seed will retain a higher level

of the chemical when stored in a cool dark area

In India, a simple animal-drawn o1l crusher ("ghanee') India) can be used by
farmers themselves for processing neem kermels to obtaining neem o1l and neem

cake, and village-level industries may employ simple electrically-operated o1l
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expellers A number of both types of facilities exist in India's rural areas

(Ketkar and Ketkar, 1984)

Many electrically operated expellers are run on a cooperative basis These
have been established at costs ranging between US $5,000-30,000, with capacities
of crushing 5-10 tons depulped neem seed per day The machinery needed (expeller,
boiler, filter press, shaft pulley, decorticator, and neem cutter) are locally

fabricated and plant operation 1s relatively simple--needing only a mechanic and

3-15 unskilled workers (Ahmed, 1984)

Dried neem seed contains approximately 10% oil and 12% cake (Ahmed and
Grainge, 1985) Neem o1l currently sells in India for $1 20-1 75/kg from the
factory, and neem cake, for $0 10/kg (Ahmed, 1984) Larson (1986) reports a price
of $1 75/kg for o1l in India It may be possible to couple charcoal production
with seed drying for o1l or neem cake production, utilizing the hot air given off
in carbonization, however, this would cause a drastic deterioration of the

azadirachtin level, rendering the product nearly useless for use as a pesticade

TOXICITY, PESTS, DISEASES AND LIMITATIONS

Neem 1s sald to have few pests and i1ts naturally occurring pesticide 1s

nontoxic to man and animals But there 15 evidence that this may not be so

Toxicity -- Radwanski and Wickins (1981) state that one of the most significant

attributes of neem 01l as an insecticide 15 that i1t 1s effective and reportedly
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non-toxic to man or animals, and nonpolluting to the environment However, a
syndrome similar to Reye's syndrome has appeared in chrldren given large doses of
neem o1l (Sinniah, et al , 1982, Sinniah et al , 1985), although infrequent, this
manifistation has been fatal Because Reye's syndrome and the neem oil-induced
Reye's-like syndrome are poorly understood, neem extracts should be tested more
thoroughly before being used for medicinal purposes Also, neem extracts have
been found to be toxic to guinea pigs and rabbits (Deshpande, 1983), and the
insectivorous fish Gambusia spp , and tadpoles died at 0 04% concentration of neem
extracts (Jotwani and Srivastava, 1981) Welle (1985) observed that neem seeds
falling into fish ponds in Haiti proved fatal to Talapia fry This indicates the

need for systematic follow-up toxicological studies

Pereira and Wohlgemuth (1982) report that neem seeds carry Aspergillus flavus,

which i1in certain conditions produces aflatoxins, this 1s a particular concern 1in

waste piles at preparation sites

Allelopathy -- There 15 some concern that neem compounds may be allelopathic, but
no hard evidence supports this contention (also see section on AGROFORESTRY

POTENTIAL)

Pests -- Roberts (1965) lists 14 insect species and one parasitic plant as

recorded pests of neem in Nigeris, although few are serious, and most plantations

of neem are reported to be insect free, evidently due to the trees repellant
compounds Insects will eat off the radicle of germinating seeds if not covered

well with so1l Occasional insect infestations by species of Microtermes and
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plant parasitism by Lorantium have been observed in Nigeria, but the attacked
trees almost invariably recover, though their rate of growth and branch

development may be considerably retarded (Radwanski and Wickens, 1981)

In India, the larvae of Enarmonia koenigana Fabr feed on rolled leaves and

bore into tender shoots, and the larvae of Cleora cornaria Meyrick and Odites

atmopa defoliate the leaves (Bhasin et al , 1958) Warthen (1979) lists 9 other
insect pests that attack neem Calepiterimerus azadirachta, Araecerus fasiculatus,

Cryptocephalus ovulus, Holotrichia consanguinea, H 2insularis, H _serrata,

Pulvinaria maxima, Laspeyresia aurantianna, and Orthacris simulans CAB-IIBC

(1987) reports that Aonidiella orientallis has become a pest of neem i1n some parts

of Africa (e g , the Lake Chad Basin WNiger, Chad, Nigeria and Cameroon)

Termites have been known to damage trees, attacking them at the level of the
collet, sometimes extending to the trunk and to the cyme, but generally not
killing them (De Jussieu, 1963) Fishwick (undated) reports that termites attack
weak, sickly trees but at times they also sttack and kill young, vigorous trees
Neem commpic shoots have also been attacked and killed, but the roots of the stump

were not damaged and produced fresh coppice shoots

Gosh (1984) reports that the neem scale, Palvinaria maxima, 1S a serious pest

in central and south India. It feeds on sap, covers the tender shoots and stem in
numbers and sometimes damages & young tree considerably A tree in an advanced
stage of infestation is recognlzed by the thick coating of white, mealy patches

formed on the foliage, shoots end bark Another scale insect, Aspidioctus
orientalis, thickly covers the shoots and stems of seedlings of about 0 6-2 5 cm

an diameter, appearing on the new shoots and spreading to the leaves 1In severe
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infestations, the growth 1s retarded, leaves are shed, the stems die back and

young trees may be killed Also, Aspidiotus pseudoceriferus feeds on the sap

And the nymphs of Helopeltis antonii feed on sap by puncturing the soft plant

tissue which blackens and dries The wounds cause deformation of leaf and shoot,

or the whole shoot may dry up and die back

Diseases -- Recorded pathogens attacking neem are Ganoderma lucidum, causing root

rot, Corticium salmonicolor, causing stem and twig blight, Cercospora subsessilis,

causing leaf spots, Oidium sp , causing powdery mildew, and Pseudomonas

azadirachtae, causing leaf spot and blight (Bakshi, 1976, Desai et al , 1966)
Sankaran et al (1986) reports additional diseases attacking seedlings in
nurseries in India Rhizoctonia solani, causing web blight, Sclerotium rolfsii,
causing stem rot, Colletotrichum capsici and C psubsessilis, causing leaf spot,
and Fusarium solani, causing wilt Stem rot, leaf blight, web blight and wilt
being reported for the first time caused up to 30% mortality of 2 to 3 month-old

seedlings

Singh and Chohan (1984) observed a severe canker disease of twigs and

shot-holes 1n leaves of neem and i1dentified a fungus, Phoma jolyana, as the
cause De Jussieu (1963) reports that cankerous lesions can also sometimes be
found on tree in fissures coming up from the collet along the stem The wood
becomes brown around the cankers and this coloration can penetrate to the
heartwood Gorse (1986) observed that canker prevailed on the sunset side of the
tree This disease seems to correlate with a sudden absorption of water after a

long drought, but through exploration of the genetic potential of neem, genetac

resistance might be found
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Parasites -- Mistletoes that parasitize neem include Dendrophthoe falcata

and Tapinanthus sp (Browne, 1968)

Nutrient Diffeciencies —- Research by Zech (1984) determined that zinc (Zn) and

potassium (K) deficiencies reduce neem growth evidenced by chlorosis of leaf tips
and leaf margins, particularly on the older leaves The first symptom of Zn
deficiency 1s yellow coloration of the intercostal areas leading to complete
breakdown of the chlorophyll, and the shoots exude much resin with shedding of the

older leaves With K deficiency, leaf tip and marginal chlorosis and necrosis are

evidenced

Other Problems -- Neem Beedlings are killed by frost and fire, and large trees are
frequently snapped off during high winds However, trees seemingly killed by fire
will coppice and regrow if cut soon after the burn Regeneration beneath stands
of neem 1s sensitive to sudden exposure to direct sunlight, and clear felling in
plantations normally results in the death of this regeneration 1f seedlings are

under 8 cm (3 1n) in height (Fishwick, undated)

In some localities rats and porcupines girdle neem seedlings and trees,
gnawing the bark from around the base and killing them In areas with high rodent
densities, they devour the fruits greedily and consume most of them after they

fall to the ground Goats and camels have been known to severely browse young

plants and kill them (Singh, 1982)
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Because of the potential of pest outbreaks, neem should not be raised in pure
stands, and 1t 1s recommended that neem should be mixed with leguminous trees like

Leucaena leucocephala, Albizzia lebbeck or Acacia nilotica, which reduce the risks

of infestation by these pests These trees would also complement the
non-nitrogenous neem tree Welle (1985) reports that neem interplanted with

Leucaena leucocephala in Haiti showed better growth than neem in monoculture

RESEARCH NEEDS

Radwanski and Wickens (1981) recommends further field work in neem's nataive
habitat and where introduced to study the range of variation due to genetic and
environmental factors Provenance trials and autoecological studies are also
needed as well as an evaluation of present silvicultural practices and marketing

research Additional research needs include

o Market analysis to determine the feasibility, marketability and profitability

of the production of azadirachtin pesticides

o Economic analysis of the cost of an azadirachtin production facility

o Field and/or laboratory anaslyses of the azadirachtin content of seeds from
various neem plantings in the Caribbean, Asia and Africa This has to be done
in a scientific manner to ensure proper seed handling to minimize

deterioration of the azadirachtin content
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Research to find 1f the azadirachtin content in the leaves of a single tree
has any correlation of the azadirachtin content in the seed Radwanski
(1977b) reports a yield of o1l of over 59% from Ceylonese seed kernels, which

might indicate a higher percent of azadirachtin from the entire fruit

Identification of mother trees with fruit high in azadirachtin content (first
in the Caribbean, then Asia and Africa) This should be coupled with an

assessment of site conditions to see 1f environmental conditions are

anfluencing factors
Genetic improvement of these trees by selection for trees that

(1) yield maximum numbers of heavy fruits containing the highest possible
percentage of azadirachtin There 15 a great variability in the number and

weights of fruits on different trees, and the many ecotypes of neem have

different concentrations of azadirachtin

Optimum fruit yleld is essential if neem 1s to be grown for fruit
production for the various products and by-products--such as o1l for soap and
pesticide extracts and neem cake for fertilizer--and 1s to be a viable and

profitable cottage i1ndustry Standardization 1s essential to mass

production

(2) have straight trunks with maximum clean bole height for construction

lumber and poles in order to remit maximum income to farmers in developing

countries



- 75 -

These factors may be genetic as well as environmentally influenced
Biotechnologies, such as tissue culture, can greatly reduce the time frame for

this development process

Genetic selection for optimum branching from a stump close to the ground
for pole production 1s also needed, as 1s research to determine the best time
of the year to coppice neem Often in the developing countries, neem poles

bring the highest price for wood

Additional research 15 required into the methods of pressing and extracting
the o1l from the neem fruit and seed, the methods of purification,
deodorization and refining, analysis and tests for quality, and experiments in

the manufacture of soaps, lubricants, waxes and other products

Selection of provenances better suited for dry areas

Mycorrhizal assoclation with neem, 1f there 15 association or not, both on
trees growing in the Burma-India area where the tree 1s indigenous, and areas
where the tree 15 exotic. If there are associations, the various strains
should be tested to see 1f the Burma-India strains give higher performance
than strains which form an association with the tree when planted in exotic
areas  Research should include whether this association increases tree
establishment and growth on marginal sites and if drought tolerance in
semi-arid areas can be increased If no associations are formed in the exotic
areas, trees should be inoculated with mycorrhizae and compared with

uninoculated ones to judge performance differences
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Additional research 1s needed to extend the activaty of azadirachtin
Sunlight degrades neem extract sprayed on plants within a week The systemic
effect of azadirachtin incorporated into the soil, however, lasts more than a
month  Vikewood Ltd reports that by retaining of a portion of the oil,
coupled with a UV screen, has shown to give good activity at longer than 21

days This synergism is covered under a U S Patent held by Vikwood Ltd for

HARGOSAN~OTM (Larson, 1986)

Research 15 needed to develop methods to extend the period of the viability of

neem seeds for replanting

Additional research on the best height and time of year to pollard neem for
leaf and/or wood production Neem 18 often planted as a windbreak, for shade

and for roadside planting, and valuable by-products of wood and leaves could

come from these plantings

Pollarding and coppicing often results in aditional branching of the tree,
over that which might occur from normal bole development Research 1s needed

to determine how this might affect the fruiting of the tree, and if additional

fruit production might result

Since neem trees are rarely browsed because of the bitter ingredients in the
leaves, 1t may be possible to mix neem extracts in a solution of water and
soak the so01l around the roots of seedlings readily eaten by livestock (such

as Leucaena leucocephals) during dry periods for uptake by the plant as a
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natural repellant The neem extract absorbed by the plant would be
transposed to and deposited in the leaves As the tree matured and old
leaves are shed, the repellant effect would diminish since the plant
manufactures no natural repellants This protection period could be
regulated by the application of additional solutions Neem extracts have
a systemic action when applied to some crops, which means that once
absorbed by the plant tissue, they offer more durable protection even

after heavy rain

One of the most dlfficult reforestation problems 1s how to protect young trees
from being eaten by livestock and wildlife A survival rate as low as

20 percent has been estimated for many areas in Africa

CONCLUSTON

Reem ¢ah be effectively grown in many unproductive and eroded soils unsuited
for agricultural production Large scale planting of neem on such sites should be
integrated with local farming and grazing practices A modified farming system
using neem, local and exotic fast-growing trees and shrubs as a fallow crop
(modified bush fallow or shifting cultivation system) would result in a marked

improvement in declining ecosystems of many developing countries and in the
restoration and maintenance of soil fertility It would also supply large

quantities of basic materials for rurasl industries and provide a series of

products highly competitive in price and quality with petroleum based synthetiecs,
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but does not require specialized skill or sophisticated machinery It can be done

by village inhabitants and thus provide employment and income 1in underprivileged

rural communities And 1t would alleviate the often conflicting interests of

farming, foresty, grazing and industry Radwanski and Wickens (1981) illustrates

one such system in their paper
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Development of the Neem Tree for Private Enterprise

Neem (Agzadirachta indica jusg) has potential as a pesticide for
both commercial exploitation and on-farm use A neem seed extract,
azadirachtin, has proven effective against 131 species of insects,
45 of which are extremely damaging to agricultural crops in the
U S, and 1s reported to be non-toxic to man Among some of the
most damaging 1s the Colorado potato beetle, which has resistance
to most agricultural pesticides, 1initial research indicates that
the neem-derived pesticde can effectively control this beetle

A biotech firm, Native Plants, Inc , has developed a small neem
industry in Haiti Neem fruit (seed) 1is collected in the rural
area and processed by a Haitian-owned firm in Port-au-Prince
There the 011 1s expelled from the seed and the active chemical,
azadirachtin, 18 extracted from the o1l and exported to the U S
for the manufacture of the pesticide Native Plants hopes to have
EPA approval of 1ts pesticide for use on non-food crops early next
year

Native Plants 15 one of three U § companies pursuing
commercial exploitation of neem as source of pesticide A second
firm, W R Grace & Co , already has a neem-derived pesticide on the
market, cleared by EPA for use on non-food crops One of the many
uses of neem-derived pesticides 1s the control of insects in
greenhouse-grown flowers and other ornamental plants A third
firm, Rohm and Haas Co , 1s developing a neem-derived pesticide and

1s 1nterested 1n setting up an operation similar to Native Plant's

in Africa

&3
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Neem 01l, a by-product of the process, has potential for use an
the soap industry in Haiti In India, where the neem tree 1s
native, neem soap 18 widely used for 1ts purported anti-fungal and
anti-bacterial properties Neem seed cake, a nutritious second
by-product of the extraction process, 1s used in India as a feed
for livestock, much like peanut, cotton seed or soybean cake It
1s also used as a soi1il ameloriator, and according to scientists in
India, neem cake has a much higher nutrient value than farmyard
manure and other organic mulch They also report that neem cake
effectively controls both nematodes and termites when incorporated
into the soil Research at the International Rice Research
Institute (IRRI) in the Philippines indicates that by mixing neem
seed cake with urea and incorporating 1t into the soil,
nitrification 18 i1nhibited, thus reducing nitrogen loss through
leaching and denitrification

Agroforester Mike Benge, with the Office of Forestry,
Environment and Natural Resources, Bureau for Science and
Development, Agency for International Development, has been working
with private industry for the past several years in developing neem
as a source of a commercial and on-farm pesticide A manual he
wrote has served as a guide for the development of thais
multi-purpose tree, and he has been working with all three firms in
securing sources of neem seeds in the developing countries Benge

18 also working with a Minnesota-based PVQO, Agency to Facilitate
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the Growth of Rural Organizations (AFGRO), to develop a manual on
exploiting the neem tree as a source of pesticides The manual
will explore the economics, processing requirements and feasibility
of the use of neem as a source of pesticide as a small-scale
industry for rural income generation The manual 18 projected to
be completed in early 1992 and will be available in both English
and French  For further information contact Mike Benge, S&T/FENR
Agro-forestry, Rm 515E SA-18, Agency for International
Development, Washington, DC 20523-1812, telephone (703) 875-4063
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SOME SIMPLE METHODS OF APPLICATION OF NEEM (AZADIRACHTA INDICA)
PRODUCTS FOR PEST CONTROL BY AFRICAN FARMERS

H J SCHMUTTERER

Institute of Phytopathology and Applied Zoology, Umiversity of Giessen,
D-6300 Giessen, Federal Republic of Germany

Abstract - Insecticidal neem (Azadirachta indica) seed pro-
ducts can easily be obtained and applied by African farmers
in various simple ways

Water extracts are most important and very effective against
a wide range of insect pests 1n the field They often compete
favourably with synthetic pesticides About 25 g of neem seed
kernels are needed per litre of water, in case of heavy pest
pressure the treatments have to be repeated in 1intervals of 7
- 10 days Neem o1l 1s a2 long-lasting and very useful pesti-
cide against bruchids i1n cowpea seeds 1n the store Its pesti-
cidal effect lasts more than six months Neem seed powder,
mixed with sawdust to avoid phytotoxicity, 1s a powerful pes-
ticide against stemborers of maize and sorghum This powder
1s applied to the funnels of young plants Neem seed cake, a
by-product; of o1l production, reduces nematode populations in
plant roots and improves growth and yield of vegetables The
active principles i1n this cake are taken up and translocated
1n treated plants

There are good prospects for the use of simple and cheap
neem preoducts by African farmers An Africa-wide neem re-
search and application programme 1s recommended

Key Words WNeem, Azadirachta indica, aqueous extracts, neem
o1l, neem seed powder, neem seed cake

INTRODUCTION

The increasing problems of pest resistance, environmental pollution
and rising costs of new synthetic compounds are among those forcing
developing countries especially to look for other less expensive but
equally effective ways to control pests In this context, one of the

most important Lasks 1s to help the peasant farmers who are in a diffi-



cult, often desperate, situation merely trying to produce enough food
for their large families

Before the development of effective synthetic pesticides during and
after the Second World War, simple pest control practices were applied
1n many countries. Some of these used parts of indigenous plants For
instance, to repell pests from stored products leaves and/or other plant
parts were stored with the products Some success was attributed to
these methods in the past Today they form the basis for the renais-
sance of pest control through plants and plant products, and because

of the considerable improvement of scientific knowledge, they can be
1
practised much more effectively /

The neem tree, Azadirachta indica, 1s at present the most promising

plant, and 1ts mawn active principle, the tetranortriterpenoid (limonoid)

azadirachtin, the most promising natural compound for insect control by
botanicals

DISTRIBUTION OF NEEM IN AFRICA

Azadirachta 1ndica, originating i1n South and Southeast Asia has a
wide distribution on the African continent Introduced by Indian 1mmi-
grants and foresters, 1t grows in the area from Senegal and Mauretania
in the west to the Sudan, Ethiopia and Somalia 1n the east and from
Cameroon and Zaire 1n the south to Tanzania and northern Mozambique
Its tolerance of poor soils and the drought-resistance 1t displays have
considerably favoured 1ts fast spread from east to west

Neem 1s most important as a provider of fuel (fire-wood), but s
also very much appreciated as a shade tree, especially in many villa-
ges and towns i1n West Africa [n addition, neem 1s an important medi-
cinal plant 1\n many parts of this vast continent and elsewhere, especi-
ally in India Young leaves and flowers of Azadirachta indica var
siamensis are consumed in parts of Asia, such as Burma and Thailand,

as a vegetable ('edible neem') (Sombatsiri and Tigvattanont, 1984)

i



IMPORTANCE OF DIFFERENT PARTS OF NEEM FOR PEST CONTROL

Although many parts of the neem tree contain insecticidal com-
pounds, ripe seeds (seed kernels) are the most important source for 1in-
secticides Their content of azadirachtin, the dominating active prin-
ciple, may reach 6 - 7 g/kg (Morgan, 1981, Ermel et al , 1984, 1987)
There are also some effective terpenoids in the leaves, but 1t ts more
difficult and expensive to extract these

}
MODE OF ACTION OF NEEM PESTICIDES

The active principles of neem are antifeedants, antiovipositants,
growth-disturbing, f{ecundity-reducing, egg-sterilizing and insect-fit-
ness-affecting compounds Although the physiological mode of action is
not yet fully understood 1t can be stated that the hormonal system of
insects 1s strongly disturbed The titre of the two 1mportant hormones,
ecdyson and juvenile hormone, 1s reduced during critical periods of the
insect's life cycle (Rembold et al , 1984) In a broad sense, therefore,
neem has an antihormonal effect Neem ingredients are also chitin-syn-

thests i1nhibitors (Cassier et al , 1987)

SIMPLE METHODS FOR PEST CONTROL USING NEEM SEED KERNEL PRODUCTS

Aqueous extracts

Water extracts of ground or pounded neem seeds/seed kernels are
effective to very effective against many freely feeding and some mining
pests, such as larvae of Lepidoptera {main target pests), Coleoptera
and mining flies (Agromyzidae) If whole neem seeds (seed kernels plus
their hard shell) are used, about 50 g (for seed kernels alone only 15
- 25 g} per litre of water are needed The neem seed powder and the
water required are put together in a bucket for extraction The extrac-
twon process should last at least five hours The extract 1s then fil-
tered through a piece of cloth, resulting 1n a lLhiquid ready for spray-

ing, which adheres well to plants
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In field experiments of our 1institute coworkers i1n Africa, Asia and
Latin America the following insect pests have been controlied by appli-
cation of water extracts -

Plutella xylostella and Hellula undalis on cabbage (Africa) (Table 1),
Heliothi1s armigera and H assulta on tobacco (Asi1a) (Table 2),
Sylepta derogata on okra (Africa),

Anomis flava on cotton {(Asia},

Spodoptera frugiperda on maize (Latin America),

Zonocerus variegatus and other grasshoppers on gboma {Africa) (Table

3), y
Henosepilachna elaterit on cucurbits (Africa),

Jacobrella tasciralis and other pests on eggplant (Africa) (Table 4)

Table 1} Mean feeding damage by Plutella xylostella (aver-
age of three evaluations) and number of plants with dead
hearts caused by Hellula undalis (final evaluation) on cab-
bage treated with neem kernel powder {(NKP) aqueous extract
in Togo, West Africa (Means of 30 plants/plot, plot size 1 25
x 8 00 m all plots fully randomized )} (After Dreyer, 1986)

Treatment Feeding damage Number
of dead hearts

Control 21 aY 7 3a
NKP, 25 g/1 0c 0b
NKP, 50 g/1 0c 0ob
Dipel, 600 g/ha 10Db 10b

Damage categories O = no feeding damage, 1 = outer leaves
slightly damaged, 2 = considerable damage, 3 = plant heavily dam-
aged

Ywithin columns, means followed by a common letter are not signi-
ficantly different at P = 0 01



Table 2 Effect of neem extract and conventional 1insecticide
treatments on tobacco yield i1n the Philippines (After Kirsch,
1986)

Treatment
Insecticide Spray Yield
concn applied interval, (kg/ha)
in days
Control 7 } 1254 a*
Tagagg% SOS EC, 7 1436 ab
BAé ?é; ;4291 250 EC, . 1334 ab
AZE—YﬁiK EC, 7 1480 ab
Kzr-VR-K £C, 7 1474 ab
ANngé NSk /1 / 13498
ANigEé - 7 1405 ab
AZE;;R—R rc, 10 1360 ab
AN;gEé v (0 1401 ab

“Means followed by a common letter are not significantly different
at P = 0 05 (Duncan's Multiple Range Test)

AZT-VR-K = Enriched, formulated neem seed extract
ANSKE = Aqueous neem secd kernel extract
BAY SIR 14591 = Benzoylphenyl urea {chitin synthesis inhibitor)



Table 3 Yield of gboma after application of neem kernel
powder (NKP) aqueous extract in Togo, West Africa. (Plot size

125 x 350 m, all plots fully randomized.) (After Dreyer,
1986)

Dosage
(g NKP/1) 8§ v 8 VI 10 VII 16 ¥IIX
Yield (kg/plot)

Control 1 0a¥ 12a 2 8 ; 34 a
12 § 1 3a 360 710 77%b
25 1 9a 4 1b 710 89hb
50 1 4a 316b 6 5b 78b

Cumulative means

Ywithin columns, means followed by a common letter are not signi-
ficantly different at P = 0 Q1

Table 4 Yield of eggplants treated with neem kernel powder
(NKP)} aqueous extract or neem o1l 1n Togo , West Africa

(Plot size 1 80 x 2 70 m, all plots fully randomized )

Treatment Cumulative yield (kg/6 plants)
14 VI 29 VI 14 VII 28 VII

Control 0 a O1b 2.1c¢ 80b
NKP, 25 g/1 02a 20a 7750 16 3 a
NKP, 50 g/1 03a 28a 10 2 a 17 8 a
Neem o1l, ULV,

5 1/ha 0 a 06b 4 9 be 12 6 ab
Neem o1l, ULV,

10 1/ha 0a 07%b 58b 138 a

~Within columns, means followed by a common letter are not signi—
ficantly different at P = 0 Ot

%
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Altogether for more than 100 species of 1nsect pests proved to be
sensitive to neem products i1n laboratory and field trials.

In case of a continuous i1nvasion of pests, several sprayings in 1in-
tervals of 7 - 10 days have to be applied.

Use of neem o1l 1n storage pest control

Neem o1l can also be obtained by kneading ground or pounded neem
seed kernels The addition of some water facilitates the process In or-
der to protect the seeds of cowpea (Vigna uriguxculata} against the
bruchid Callosobruchus maculatus during storage in West Africa, about
4 ml of neem o1l are needed per kilogramme of seeds (Zehrer, 1984
Tanzubtil, 1987) The otl has to be thoroughly mixed with the seeds

The neem o1l treatment of cowpea seeds 1s effective for six months
or longer, making neem o1l more successful than all synthetic pesti-
cides used 1n storage pest control, 1ncluding synthetic pyrethroids
Normally, West African farmers store their cowpeas only for a few
months, during which the protective properties of the neem oil are at
their greatest Negative effects, such as bitterness and rancidity were
not considered major problems

Neem o1l as ULV formulation and suspension with water (3 - 5%)
may also be applied for pest control i1n vegetables and other crops
These products are usually somewhat less effective than water extracts
but may be useful in controlling aphids and spider mites which are

less sensitive to aqueous extracts

Use of neem seed powder for stemborer control

Neem seed powder can be produced with either whole seeds or seed
kernels alone The seeds are first ground in a mll or pounded, using
locally available tools Sawdust i1s then added in a volume ratio of 1
1 to neutralize the neem oil, as 1t may otherwise be phytotoxic to
young leaves (Dreyer, 1987)

The neem seed powder sawdust mixture 1s put 1n the funnels of
maize or sorghum by hand One tablespoon 1s sufficient This method
can be applied to young plants until appearance of the male inflores-

cence (maize) or the panicle (sorghum) Millet (pennisetum) may also

ha Avatantad aadavnct ctemharers hyvy funnel treatment

N
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Very good control of stemborers, comparable to that by synthetic
pesticides, such as carbofuran and endosulfan, were obtained with
neem seed powder-sawdust mixtures wn West-Africa against Sesamia ca-
lamstis (Dreyer, 1987) and East-Africa against Busseola fusca, both on
maize Simlar results were recorded in India against Chilo partellus
(Sankaram et al , 1987), which also occurs as a serious maize and
sorghum pest in some parts of tropical Africa

Neem seed powder may also be used for storage pest control but
some problems may arise 1f the grain to be protected has a high mois-
ture content This may lead to development of moulds and the produc-

tion of mycotoxins More research 1s needed if this field to overcome
these problems

Use of neem seed cake against nematodes

Where neem o1l 1s produced 1n large quantities, for 1nstance for

soap production, neem seed cake 1s a valuable by-product It contains

some mitrogen as well as the insecticide azadirachtin and other terpe-
noids

The populations of nematodes ( Meloidogyne spp , Pratylen-
chus spp ) (Roflner and Zebitz, 1987, S Ahmed and Koppel, 1987) are
reduced by 1incorporating neem cake 1nto infested soil This leads to
less nematode damage to vegetables and considerable 1mprovement 1n
growth and yield, for instance i1n tomatoes The 1insecticidal compounds
may be taken up by plant roots and translocated to other parts of the
plant where insect pests are negatively affected This has been ob-

served 1n homopterous rice 1insects (plant- and leafhoppers) (v d
Heyde et al , 1984)

Prospects for the use of neem products by African farmers

African farmers have to be taught that they can grow their own ef-
fective pesticides, this 1s a special chance for them to become more
self-sufficient It has never been so easy and cheap to extract
effective 1nsecticidal plant products and apply them These practices
cannot be called backward as the products being applied operate via
very sophisticated modes of action Furthermore, neem products are

non-toxic to man and domestic animals and have no effects or only



marginal ones on the natural enemies of pests, such as spiders, preda-
ceous mites, ants, earwigs and egg-parasites (Mansour, 1987, Hellpap,
1986, Josh: et al., 1982) These are very important features for African
farmers and their environment. I believe the use of neem products in
many African countries could be bright, provided entomologists, exten-
sion-workers and farmers, especially woman, work closely together.
There are already encouraging activities i1n this field in the Sudan, 1in
Migeria, Ghana, Tanzania and Kenya, but these should spread to all
other countries where neem trees can be grown ] am convinced that an
African-wide neem research and application lprogramme within the
framework of IPM could result in a widespread use of simple neem pro-
ducts by many peasant farmers Perhaps such a programme can be 1ni-

tiated during this conference here in Dakar
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Preliminary Remarks

The neem tree originates from South-sast Asia and was Introduced to Africa
at the begmning of the century because of its rapid growth and drought
resistance Today it 1s found throughout West Afnca outstde the ramn forest
zone In towns and villages it provides both shade and firewood and n and

regions it 1s used for afforestation

In its countnes of ongin neem has a large variety of uses It s used n
traditional medicine and for the production of insecticides, and the oil from
the seeds 1s utiized as fuel for lamps or for making soap

Neem seeds can be made into a water extract which acts as an insecticide
Such an extract 1s easy to produce and involves no financial expenditure In
pninciple, 1t can be used for vanous crops as long as the user I1s aware that it
1s not equally effective against all pests The extract is successful against
caterpillars (arvae of moths) and grasshoppers A large number of leaf-
eating beetles as well as leafhoppers and whiteflies can also be controlled

with this neem water extract

Neem extract does not have a direct poisonous effect on the insects but
acts more as a repellent to grasshoppers, leafhoppers, whiteflies et~ t1e
these pests are deterred from feeding on plants that have been treated with
the extract or even from colomzing them In high concentrations the extract
acts as a repellent to caterpillars and the larvae of several types of beetles
In low concentrations it also inhibits development, 1e the larvae of insects
that eat treated plant matenal cannot develop further, stop feeding and die

off

~J BEST AVAILABLE COPY
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Major Cabbage and Gboma Pests

The major pests on cabbage (white cabbage and caulifiower) and gboma
(local solanaceae also known as "local spinach”) in Togo are either the
larvae of moths or, depending on the region and season, grasshoppers
These pests are easily controlled with neem extract

Cabbage (Brassica oleracea)

The caterpillars of two species of moths do significant damage to cabbage
One of these 1s the cabbage or diamondback moth (Piutella xylostella) It
lays its eggs on the cabbage leaves When they hatch, the larvae feed on
the young plants and especially on the young leaves, later, when white
cabbage begins to form a head, they feed inside the head (for symptoms
see illustration) The caterpillars are light green and grow up to 10-12 mm
They also chew holes in cauliflower leaves, the flower remains small and
when the leaves are tied up they no longer provide enough shade so that
the flower tums brown In addition, the black trass of the caterpillars soils
the cauliflower head

The second major cabbage pest is the leaf-mining moth (Heliula undalis)
The moth lays its eggs on the leaves of the heart of young cabbage plants
The larvae burrow into the stalks of the leaves, feed on the contents and
destroy the heart of the plant

The infested plant then either dies or develops several side shoots A head
or a flower s not formed

A third less frequent cabbage pest, namely the cotton worm (Spodoptera
Iittoralis) must also be mentioned briefly [t is also a caterpillar and can
therefore easily be controlled with neem extract It 1s dark in colour, grows
to a length of up to 5 cm and feeds on leaves and, in the case of white
cabbage, on the heart It is less important than the first two pests mentioned

above N



Gboma (Solanum aethiopicum)

Gboma 1s not generally badly infested by pests However at the end of the
dry season and at the begining of the rainy season 1t can be infested by
caterpiliars of two types of moths and by grasshoppers By far the most
important pest is a small leaf-eating caterpiliar (Scobipalpa eryasima) 1t
eats away the green plant tissue inside the leaves leaving only the epider
mis e the upper and lower outer surface of the leaves The leaves get
ireqular transparent patches The caterpillar is often seen between the
upper and lower epidermis In later stages it spins the tips of the leaves
together to hide itself The caterpiliar grows to a length of about 10 mm s

greenandhasa b!qck—cggped head

The caterpillar of the second species (Selepa docilis) also feeds on the
leaves but eats the entire plant tissue, in particularly severe cases of infesta-
non only the nbs of the'leaves remain The caterpillar i1s green at first and
later tumns grey-green with a yellow stnpe on its back It is very hairy and
grows to alength of up to 13 mm

¥ bt

i
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Cabbage plant infested with Cabbage heart infested with
Plutella xylostelia Hellula undahs

Gboma leaves with symptoms caused The varnegated grasshopper

by Scrobipalpa ergasima Zonocerus variegatus
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Locusts and Grasshoppers

Locusts and grasshoppers are polyphagous pests which wtfest cabbage
and gboma as well as a large number of other crops thus, they are discus-
sed separately here There are various species of grasshopper in Togo
mostly of fittle significance One of them, however, Zonocarus vanegatus 15
of great importance As a nymph this insect 1s black and yellow; later, as an
adutt, it is green with yellowish-green antenor wings and a yellow, black and
red head

it appears at different times in the different regions of Togo in the Région
Mantime, the Région Centrale and the Région de la Kara it is found in the
second half of the dry season, while in the Région des Savanes it appears In
the rainy season and in the Réglon des Plateaux throughout the entire year

The locusts and grasshoppers feed on the leaves and in cases of senous
infestation they completely strip them

BESTAVA/AABI.E COry
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Branch of a neem tree with fruit

Harvest and Storage of Neem Seeds

In Togo neem fruit npens twice a year, In February/March and in July/Au-
gust The fruit does not have to be picked to obtan the kernels Bats and
birds eat the sweet flesh of the fruit and spit the kemels out



It is advisable to wash the seeds before drying them

Thus, seeds lying on the ground around the trees just have to be collected
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Neem seeds should be stored only in airy containers, for example, in a jute

sack or basket, and never in plastic bags or sacks

As neem seeds easily go mouldy they have to be dry when stored It i1s best

to leave the seeds to dry in the sun for a few days

k]



Production of Neem Water Extract

in order to prepare a neem water extract from neem kemels three times two
handfuls of kemnels (about 500 g) are needed per bucket of water (about
101) Inaddition, amortar is required to crush the kemnels

First the neem seeds are pounded carefully in the mortar so that the shell
sphts open without the kernels being damaged It1s best to take only a small
quantity at a ime (two handfuls)

Then the rotten kemels, which have lost therr brown colour have to be
removed

I
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After that the kernels are put back into the mortar and pounded

until they become a coarse powder The pounded seeds are then put in
a vessel and the rest of the seeds are crushed in the same way Instead of a
mortar, grind stones can be used to crush the seeds



The powder is then added to water and stired vigorously This mixture
should be left to stand for a few hours |t is most practical to prepare the
extract the evening before the day of treatment, and to let it stand overnight

-17 -

If the extract has to be applied with a sprayer, it has to be filtered before
treatment in order to prevent the crushed kemnels from blocking the nozzle

of the sprayer A cloth or fine gauze serves as a filter Now the extract is
ready »

.

Iﬂ
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It1s poured into the sprayer

- 11 -

and appled

If a sprayer is not available, however,
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Preiminary Remarks

The neem tree originates from south-east Asia and was introduced to Africa
at the beginning of the century because of its rapid growth and drought
resistance Today it is found throughout West Afnica outside the rata forest
zone In towns and villages it provides both shade and firewood and in and
regions it 1s used for afforestation

In its countnes of ongin neem has a large vanety of uses It s used in
tradional medicine and for the production of insecticides, and the ail from
the seads is utilized as fuel for lamps or for making soap In additon neem
oll can be used as a natural protective agent for stored beans This special

, use is naw to be presented
ae constitute a major problem when storing beans (cowpeas) These

' Bruchid

% beetlas mﬁgroévg into the beans and eat the contents The iniestation can be
P $0 goven ngﬁgm every bean is hollowed out and becames wnedible
1

5 “‘ul{t}f‘r‘f’@
‘all i as.an extremely effective and cheap protective agent for
sn the oll ;s“mlxad with the beans they are fres of bruchid

, ragardless of whether the beans were

0 does not give nse to any costs The all is
ifithe kemels used for its production were not

gay inhibits the germination capagity of the
i psr“

¥,
gt
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Harvesting and Stoning of Neem Seeds

In Togo neem fruit npens twice a year, In February/March and in July/Au-
gust The fruit does not have to be picked to obtain the kernels Bats and
birds eat the sweet flesh of the fruit and spit the kemels out

Branch of a neem tree with fruit (see title page)

1%
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When making neem oil it is important to ensure that the seeds arej dry As

.Tvltts
|
|
)
|

neem seeds easily go mouldy they have to be dry when stored

best to leave the seeds to dry inthe sun for a few days

13¢
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Thus, the seeds lying
lected

on the ground around the trees just have to be col-

|
\
\
|

It 1s advisable to wash the seeds before drying them
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Production of Neem Ol i

For oil extraction, the neem seeds must first of all be well dned, as al'ready
mentioned Then the seeds are shelled There are different ways of ¢doing
this For example, by cracking the shells with stones or even by hand How-
ever the easiest way is to put the seeds in a large montar (such as isg;lsed
for making “foufou”) and to pound them gently until the shells spit & pen
About two handfuls of neem seeds suffice at a time

g
YN

The seeds have to be pounded carefully so that the shells split open without
the kernels being crushed
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of kemels and shells in the mortar

The seeds are pounded until they have alil split open and there is & mixture

This mixture 1s then winnowed to remove the shells

-
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Now only the brownish kernels from the seeds are left Rotten seedsf. which
have lost their brown colour, have to be removed in any case as they may
contain toxic chemicals produced by fungi

The brown kernels are put back inta the mortar
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and pulvenzed This Is to be done until the kemels have converted into a brown and shightly
sticky powder
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The powder has to be kneaded in order to squeeze out the ol To do go

a little water has to be added to the powder However, care must be taken not to add too much water, but just enough to
\ make a kneadable paste
X
-~
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Now the paste Is kneaded This ts best done in a bowl so that no exwacted
oihis lost '

J—

After kneading for a while the oil begins to ooze out Now the paste can
be squeezed tightly and more oil will come out Then the paste is kneaded
and squeezed alternately untd no more oil comes out In thus way about
100-150 ml oil can be extracted from a kg of neem seeds

The oil 1s very bitter

Note Neem oil can be produced in other ways, for example n the tradi-
tional way in which groundnut ail 1s made, heating does not damage the oil

Since only small quantities of oil are usually required, the method descnbed
15 probably the simplest one
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Treatment of Beans with Neem Oil

2-3 mt of neem ol
per kg of beans

Beans must be threshed before they are treated with neem oil 2-3 mil olt are
required per kg of beans Thus, for a 100 kg sack about 250 mi of oil would
be neaded It 1s better to use too much oil rather than too little

s

"~
—_ ?1 —
———
&
®
1 measure =70 ml S

tomato
paste : "

§

As it is usually difficult to find measures for ml, subgitute measures have to
be used We have chosen an empty tin of tomato paste (small size) as
an example Tins of this kind are easy to find, as tomato paste is used
everywhere in Togo for making sauces A small tin of this kind holds 70 ml
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Thus, in order to treat a whole sack of beans (100 kg) with neem ¢
measures of ofl (~ 280 mi) are needed

H
*

il, four

-23 —

Or to treat ten bowls (of 2 5 kg each) one measure of neem oil Is required
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A large bowl 1s needed when treating the beans Depending on the quan-
tity of beans (for example, ten bowls = 25 kg) the appropnate quantity of
neem oi is added to the bowl of beans (in the example 1 measure = 70 mi)

Then the beans are mixed thoroughly to ensure that the oil 18 well distn-
buted It 15 important that the ol is spread evenly on all the beans for an
effective treatment For this reason, it 1s expedient to add only part of the oil
at first, mix it with the beans and then add the rest of the oil and mix again
After treatment the beans are stored in sacks or pots as usual
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Neem Oil and its Effect

Neem oil is not dwectly poisonous for Bruchidae Thus, if the beans are
already infested, the parasites will not be killed wnmediately However, neem

oil inhibits the further development of the beetles’ larvae and the laying of
eggs by adult beeties Pupae and adults are not killed off by the ail Thus
live beetles may still be found in the beans two weeks after treatment

However, they cannot multiply further, no longer cause major damage and
soon die Once they have died the population is completely destroyed and
the neem ol protects the beans from renewed infestation for at least six

months
Neem oll is extremely bitter but, as already mentioned, not poisonous As

the concentration Is very low there is Iittle danger that the beans will taste
bitter later on People who were served dishes with beans treated with

neem oil did not notice a bitter taste

However, should the beans taste bitter, they are to be soaked in hol water
for a few minutes to remove the bitter substances before prepanng them

Neem ofl does not affect the germination capacity of the beans Thus it can
also be used for preserving seeds

%
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What i1s the aim of this brochure?

This brochure contains formation on the use of insechcides
from the neem tree It shows how substances which are already
present in nature can be used to control and drive away cater
pillars larvae of beetles, grasshoppers plant and leathoppers
and other plant pests



Damage 10 crops

insects can infict great damage to crops Many farmers there

fore, use synthetic pesticides in order to drive away or to control
these pests However many of these synthelic peshcides are
also highly poisonous for humans and ivastock Moreover
these substances destroy a great number of useful insects
which are an important factor in the natural control of pests As
a result, the plants are left unprotected against pests and in-
creased spraying of pesticides is thus necessary

These disadvantages can be avolded by using biological pest:

cides such as extracts from the neem tree which are baoth effec

we in controling pests and, at the same tme, harmiess to
hurmans and other warm blooded organisms
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Azadirachtin the most important nsect cidal substance contal

ned inthe plant has, evenin very small doses a growth disrup

ting effect on many insect larvac 1 e msects which eat this sub

stance are unable to develop to the next larval'nymphal stage
and die off Other pests, such as grasshoppers avoid or reduce
teeding as a reaction to azadiracnhin As tests have repeatedly
confirmed dueto s special moce of action the neem extrachis
qute harmless for useful insects Unhke synthetic pesticides
tests carned out over a longer penod indicate that development
of any resistance to the neem extract 1s 1n the short term unpro

bable However, where intensive vegetable cultivation s pract

ced the exclusive use of neerm extract 15 inadvisable

One great advantage of the neem extract 1s that even after re

peated apphcaton on vegetable crops, it remains perfectly
harmiess for humans

Eurther nformation 1s avalable from the consultant or from the
coordmator of the followtng project

Gewinnung natlrhicher Insekhizide aus tropischen Planzen
Deutsche Gesellschaft fur Technische Zusammenarbert (GT2)
Postfach 5180
62736 Eschborn 1
Bundesrepublik Deutschland
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What is the neem tree?

The neeam lree 18 hatve 1o tropical South-East Asia where it s
recogpized as an important medicinal plant As it grows quickly
and is extremaly drought resistant, it has been culivated for a
iong imainthe ard zones of Asia, Aincaand Central Amenica as
a source of imbaex In India and S Lanka, its seeds and leaves
are used for siore pest cantrol and ohis extracted from the seeds
for the production of soap Both the cold pressed neern ol and
the ail-free part of the seed kernel tan be used for pest control
The leaves of the neem tree also contain insecticidal and repet
lent substances although in mugch lower concentrations
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Some additional information ; Sy 8 A
N PTELF 3
The neem tree {Azadirachta indica A, Juss) thr:{te& almost any
where i the topical fowland, up tQ 800 r above sealevel Itis
resistantto extreme drought and grows where the annual rarfall
18 as sparse as 300 mm Moreoves, it grows vary quickly and
makes few demands an the soitferiity-The neem tree, therefore,
grows in a wide vanety of places. Hilllops and iflertds, depleted
land {eg , eroded hilisides) are as sutable ag stony, flatland or
hard latente The neem tree may b usad 1o lige avenues, to
porder roads or fields and in mxed Eiultivation with frud trees
The ayerage annualfrut yield fram a maitire neem tres is above
20 kg Apart from insecticides neerm oll tngy bie exiracted from
the seed 30 kg nesm seeds praducs 8'~ 8 kg'pil The resulting
resicius can be used to make insechtides m ¥ sirilar way ‘as
from the whole neem seeds descrbed earlies <, "
All parts of the neem tree can be Ltihzed ms“ar’:g fgalsubstances
are present in various pars of tha:ttes, the highest goncentra,
bons are, however, contained i gif{é}&g?g}@? ggx‘ﬁ\&f«{ AR
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How are the neem trees planted?

The seeds should be as fresh as poss ble as older seeds often
do not germinate Prowvided that only a few trees are to be
panted and thereis sufficient moisture avallable with minirmum
weeds *he seeds may be sown directly in o the ground Two to
three seeds are placed together about 1 crm deep n loose soil

After germination, only the strongest plant should be retamned

When planting a large number it 1s advisaole to cuttivate young
plants first In pots, fravs or plastic bags After about 3 months
ey should be transplanted nto the ground When using bags
or pots care should be taken that the plants are not allowed to
develop to a stage where the tap root has pierced the bottorn
and has to be shortened before transplan aton  This weakens
the trees and substanmally slows their growth
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Which types of crops are best suited for treatment
with ngem insecticides?
Neem exiracts arg parbicularly sutable for use on vegetables

and small scale field crops If sutficient water and sprayers are
avatable it 1s also possible to treat larger helds



What other uses are there for neem oil?

Apart from its previously described appheat on for storagce pro
tection neem ol 15 exiremely sutable for the manutacrure of
soap The oilis processed into soap in the usual way w th potash
or soda

in what other ways can the neem tree be used?

Apart from its suitability to provide shade and tor afforestation
the wood of the rneem tres 15 very much in demand The trunk
and branches are ideal for bulding being both strong and rather
resistant to termites 1tis also used for firewood and in the making
of charcoal

There is an important point to remember when us ng neem fo-
firewood I asis common practice in many countries the bran-
ches and the top of the tree are regularly pruned it will be sorme
time before the trees agam produce frutt as they wil first ry to re
astablish branches Thus the combined use of the neem tree for
insecheide and firewood 8 only possible s hen the tree 15 left
undisturbed for several years In other words In order to pro
duce insechcide the oniginal branches should be left intact (fruit
production beging in 3 ~ 4 years) Only trees that are at least
10 years old should be used for firewood and only after the
younger trees planted later, have begun to produce suticient
frunt
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Howdo dry the neem seeds?

in orderio dty the seeds, they are spread out for a few days on
a solid and dry groynd in the sun The layer of seeds should be
as thin as possible, as when drying grain, legumes coffee or
cocoabaans The drying process must be carmed out very care

fully agundried seeds can become mouldy quickly During the
rainy sgason the seeds 10 be dned should be promptly covered
over ar-brought indoors before rain showers begin

.8-
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By alternahng kneading and pressing ol the Pasts In a howt the
neem it ¢ released Using this methed It is pogglble to exteact
150 mi oll from 1 kg powder The legume seeds arg treated with
neern ‘ol extracted m the following manperThe dpproprate
amount of neem oif 18 mixed with the legure sdeds In a large’
bow| ar sirnitar contalnet (3 mi per 't kg gralp); then the seads
may be stored nthe usualway L+ ) T .
Neem o 18 rion poisonous but very bitter, thus freshly treated
legumes taste at fust very sharp ™ ' SQSE&{%}%{%Q g@ar@ Howevar,
after 310 4 weeks T RN v
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if the crushed seeds are very hard and britie they should be
maistened and left to stand for several lours sntid they can be
pressed together by hand Crushingthe seedsin amifl or mortar
produces arough sticky mixture out of which ol car be pressed
by kneading Usually 18 necessary to add a ittle water ‘o mahe
kneading casier
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How are neem geeds processed?

To produce a spraying mixture with 10 fitres of water 500 g neem
seeds arerequired If i 1s not possible to weigh the seeds contar

ners, such as frachitional measuning tins ana pois etc where tne
capacityisknown are equally suitable for measuring the correct

amount of seeds and water
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Bruchid pest control in stored legumes using neem
ol ‘ N

Ths all 1s extracted from the neern sead kernels (ol content 40
- 50 %) When used for storage protection d should be carefully
pressed ether by machine or various other traddional methads

As only a very small amount of od (30 mi od per 100 kg gran) s
required, pressing by hand s practcable. The seeds must first
ba shelled, by cracking the shells with a §IQne< ot gently poun

ding inamartar and inally by winnowingio remave the shell par-
hcles SN
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Bruchids in stored beans and other legumes

Stored gran legumes can easly be infested with bruchids
These are small beetles whoselanae gat intothe gran The bru
chids can be controllea simpy by rmixing the legumes with
neem o
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How can neem pawder help to gontral agem borers on
young plants? AN

~ A ~
Stem barers on young corn and sorghum plants can be controk
lad relatively easity with crushed nesin stads {the powder nor-
mally used to rmix with water) A smallatotnt pf gowder mixed
with sawdust or dry clay at a ratio of 1.1 I8 placed in the furnel
1 kg powder should be sufficient for 1600~ 200Q plants,
in this method, rainwater dissolves the substances nthe neem
seeds as it gathers 1n the funnet and washes out the powder
Where rainfall s rregular a hquid neem seed extract can be
sprayed into the funnel N .
This treatment should be repeated every 8 1o 1Q days dunng the
sensitive growing phase Thus, roughly three treatments are
sufficient for protecton against stem boters This recommenda
tion apphes only for young plants before flowering and not for
older plants ) S
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Logaer moelon fly {larvae)
{Dacus clhatus)

Poor pest control
Frug flies

Larvae of these pests feed
inside frunts, where they are
protected trom nsem appl-
cations Therefore, it 8 not
possible to control them with
neem extracts
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Poor pest control
Spider mites

These are very small pests
which suck on leaves In fisld
tests, efforts to contral them
with aqueous or alcohoho
nesm extracts have not beaen
successful
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If no sprayer 1s available the extract may be applied with a straw
brush Inthiscase, itneednot befitered Abrushmade withfine
flexible straw s simply dipped into the solution and shaken over
the plants until alf the jeaves are moistensd The effect of the
neem substance {asts between 3 to 6 days, regardless of how it

was appled
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He met scale (Sassena colfes)

Fair pest control

Bugs

These are very active plant
pests of vanous sizes which
are found on practically all
major crops In practce
neem exttacts haye had
some effects on developing
stages but not on the adults
of these bugs

Grean sunk hug Nezara windula)

Poor pest control
MealybugsiScale insects

Both are signiicant pest
groups partculardy i frut
frees and on other perennal
crops To date, no sigruficant
influence of neem extracts on
these nsects has been
demonstrated



Girean peach aphd
{Myzus persibae)

Fair pest control
Aphids

A single application of neern
extract is seldom successiul
n reducing aphids In fisld
crops Regutar spraying with
higher concentrations  of
watar extracts or other oil-
nch products can, however,
reduce ther number con
siderably

- 22

Tobacco wh telly (adults)
{Bem sia tabac

Fair pest controt
White fhes

These are very small ingects
Ag fully grown mnsects, they
settle on the underside of the
leaves and fly off when the
feaves are touched Ut has
been observed, N some
cages, that white fhes were
tepelled by the neem sub
stances and avod setthng
and egglaying on neem
treated plants for some time

tific research the exireket S HOEPBISONOUS Tor HUMANS thus i s
not necessary to, walt *”fé‘?‘iﬁ @i‘i’ o v%
harvesting. L E A Wm% )
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BEST

AVAILABLE G
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Cotton jassid {nymphs)
{Armrasca biguttula)

Good pest control
Leafl and planthoppers

Leaf and planthoppers suck
on leaves staks and frun
Larvae which feed on neem
residues show growth dis-
ruphion while the females lay
fewer aggs The majorty of
leaf- and planthoppers stud-
ied io date were also deterred
from sefting on planis
treated with neem

Brown leat bastie
{Cpthecs mutabdis}

Fair pest control

Adult beeties

This refers to species which
feed on the jeaves of crops
whien these sects are fully
grown Some are lotally
repelled by the factive sub-
stances while othars are anly
shghtly deterred  Egg-laying
may be strongly reduced 1t
ramaings ultimately up to the
user 1o acquire expenernce
with the type of beetle in his
partcular area
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Desan locust
{Schistoverca gregand)

Good pest control
Grasshoppers

Neerm substances disrupt
the growth process of grass
hopper nvmphs and reduce
the egg laying capacity inthe
full-grown inseclts Many
grasshopper species 1n Asia
and Africa are deterred from
fecding on plants which have
been teated with neem
axtracts

Darmnage etfected by larvae of a leat

miner (L romy=3 {rdfoh) o a swest
malon

Good pest control
Leal minefs

These small larvae of moths
and thes eat their way into the
leaf substance leaving only
the outer skin {epdermis) on
the upper and lower side of
the jeaf This resulls in trans-
parent patches on the leaves
known as mines Further
development of these larvae
s prevented by neem
extracts

20
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BEST AVAILABLE COPY

Mhamonabacs moth larvae
{Rlu ella aviostela)

Very good pest control
Caterpilars of butterflies and

Masmnan haar beatle lanae
(Eg;iachna vauveshs)

Very gaod pest control
Larvae of hestles

maoths

Almost all types which feed
openly on leaves and other
parts of plants can be con
trolfed This apphes both for
small and large caterpiliars
The insects react with growth
dsruption  after spraying
they reduce feeding and die
usually waithin 2 ~ 4 days

Somae types of larvae of beet

les fped on leaves and 10 this
way nflict great damage The
reaction of the larvae 18 sumi-
lar to that of the calerpillars
they growth 18 oistupled

the feeding achivity reduced
ang finally they die off

19 -
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FOCUS ON PHYTOCHEMICAL PESTICIDES

SERIES INTRODUCTION

There1s ample evidence to showthatthe plant kingdom i1s a vast storehouse of chemical
substances manufactured and used by plants for defense from aftack by insects, bacteria,
and viruses Many of these plants, as well as their chemical components, have been used
since ancient times to prevent and treat diseases occuming in higher arumals, including
humans The scientiic and pseudoscientific Iiterature is replete with such reports, some
of which have been confirmed by laboratory and clinical trials, and yet others which have
been shown to be worthless for these purposes

The CRC Series FOCUS ON PHYTOCHEMICAL PESTICIDES 1s envisioned as a
comprehensive seres of state-of-the art volumes covenng ali aspects of plant use as crop
protectants from aftack by insects, diseases fungi nematodes, and predatory wildlife
such as coyotes wolves androdents Coverage wilinot however, be imitedto protection
of crops but will also include the use of plants to protect humans and farm animals from
diseases transmutted through mollusks, fung: and viruses Each volume in this series will
contain detaited compilations contrnbuted by known authonties in the particular field The
high qualrty of the information contained in these volumes will be assured with the aid of
an Advisory Board composed of worldwide authorities in the phytochemical pesticide field

M Jacobson
Edrtor-in Chief
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Approximately one third of the world food crop 1s damaged or destroyed by insect pests
during growth, harvest, and storage Losses are considerably higherin many underdevel
oped countries of Asia and Afnca The monetary loss due to feeding by larvae and adults
of past insects amounts to billions of dollars each year Furthermore, the comfort and well
being of humans and beneficial animals are affected directly by household and environ-
mental pests such as lice, ants, roaches, ticks, wasps, and mosqurtoes, some of which are
disease camners and transmitters Many of the synthetic pesticides previously used for
insect control have been banned or their use senously curtauled because of concem about
health and environmental effects Also, the adaptability of insects threatens to undermine
the effectiveness of existing pesticides Itis therefore imperative that safe, biodegradable
substitutes for the synthetic pesticides be discovered

Over the years, awealth of iterature has accumulated in scientific journals books and
other reports on the effectiveness of plants as insect feeding deterrents repellents
toxicants, and disruptants of insect growth and development Heading the hist of effective
plants, from the standpoints of number of pest species affected, high activity, availability
safety, and resistance to predators, is the subtropical neem tree, Azadirachta indica A
Juss, a hardy member of the plant family Melaceae It 1s therefore fiting that the first
volume in the senes Focus On Phytochemical Pesticides should be devoted exclusively
to this “wonder tree"

Based on the wealth of scientific records both oral and pnnted on the effectiveness of
all parts of ttus tree against countless species of insects nematodes, bactena and viruses
the First International Neem Contference was held June 16—18, 1980, at Rottach-Egern
West Germany, with more than 40 scientists (chemists, entomologists botanists physi
ologists, and zoologists) from 4 continents in attendance At this Conference, an informal
steering committee was appointed that quickly became known as the *Neem Mafia”,
consisting of Professors K R S Ascher (Volcani Center, Bet Dagan Israel) E D Morgan
(University of Keele, U K ), H Rembold (Max Planck Institute of Biochemistry, Munich
WestGermany) R C Saxena (International Rice ResearchInsttute Manila Philippines)
H Schmutterer (Justus Liebig University, Giessen West Germany) L M Schoonhoven
(Agricultural University, Wageningen The Netherlands), and me This Conference was so
successfulin stimulating worldwide interest and activity inthe efficacy of the neemtree that
it was followed by the Second Intemational Neem Conference, held May 25—28, 1983
in Rautschholzhausen, West Germany (105 participants) and the Third International
Neem Conference held July 10—17 1986 n Nasrobi, Kenya (64 participants)

We express our heartfelt thanks to the Gesellschatt fiir Technische Zusammenarbeit
(GTZ) Eschborn West Germany for sponsonng and providing generous funding of all
three Conferences, making possible the attendance and participation of numerous
scientists from Asta and Afnca where the neem tree 1s naturally endemic and widely used
asapesticide We arealsogratefuitoDrs B S ParmarandR P Singh Indian Agricuttural
Research Institute (IARI), New Delhi, India, for their continuing efforts to keep neem
scientists worldwide informed of progress through quarterly publication and distnbution of
the Neem Newsletter, which began in 1984

Cooperative research between botanists, chemists and entomologists has very
recently resulted in the commercialization of neem formutations as insect control agents

inAsia Europe,andtheU S ,aswellas the successful cultivation ofthe tree in many areas
where 1t nad not previously existed

M Jacobson
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THE EDITOR

Martin Jacobsonreceved hisB S degree inchemistry fromthe Cty University of New
Yorkn 1940 He then accepted an offer as a chemist with the Industrial Hygiene Division
of the National institutes of Health in Bethesda, MD In 1942, he transferred to the Bureau
of Entomology and Plant Quarantine of the U S Department of Agnculture (USDA)
Agncuttural Research Center, Beltsville, MD, as aresearch chemisttoisolate, identfy, and
synthesize phytochemical pesticides, insect hormones, and insect sex pheromones
Dunng this peniod he pursued evening graduate studies in chemistry and microbiology at
George Washington University, Washington, D C Healsoserved as a part-ime Research
Associate \n Chemistry at that University dunng the period 1944 to 1948

From 1964 to 1972, Mr Jacobson was an Investigations Leader with the Entomology
Research Division at Beltsville Chief of the Biologically Active Natural Products Labora
tory from 1973 to 1985 and Research Leader (Plant investgations) with the insect
Chemical Ecology Laboratory until his retirement from Federal Service in 1986 He is
currently an agncuttural consultant in private practice in Silver Spring MD

Dunng his fong career with the USDA Mr Jacobson spent several weeks in 1971 as
aVisiting Scientist teaching a graduate course on insect pheromones and hormones in the
Department of Chemustry, University of 1daho, Moscow He was invited to orgamze
numerous symposia and speak at national and international scientific meetingsintheU S |
Europe, Asia, and Africa 1n the field of pesticides and sex pheromones occurring naturally
in plants and insects, respectively His awards include the Hillebrand Pnze of the Chemical
Society of Washington in 1971, USDA Certificates of Ment and cash awards for research
in 1965, 1967, and 1968, the McGregory Lecture Award in Chemistry at Colgate University
(Syracuse NY), two bronze medals for excellence in research at the 3rd intemational
Congress of Pesticide Chemustry Helsinki Finland in 1974 USDA Director s Award on
Natural Products research in 1981 and an Inventor's Incentive Award for commercializa
tion of a boll weewl deterrent in 1983

Mr Jacobson has been amember of the American Chemical Society Chemical Society
of Washington, Pesticide Science Society of Washington Amencan Association for the
Advancement of Science, New York Academy of Sciences and a Fellow of the Washing-
ton Academy of Sciences He 1s the author or coauthor of more than 300 scientific reports
innumerous journals the author of four books {/nsect Sex Attractants John Wiley & Sons
1965 Insect Sex Pheromones Academic Press 1972, Insecticides From Plants A
Review of the Literature 1841—1953 USDA Handbook 154 1958 Insecticides From
Plants A Review of the Literature 1954—1971 USDA Handbook 461, 1975) and editor
of the book Naturally Occurring insecticides Marcel Dekker 1971 He alsoholdssixU S
Patents on naturally occurnng insecticides
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Cultivation and Propagation of
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2 Focus On Phytochemical Pesticides

| DISTRIBUTION

Neem s thought to have onginated in Burma and is common throughout the open
scrub forest in the dry zone and on the Siwalik hills, and if it 1s native to India «t occurs
naturally only in Karnatak and in parts of the Deccan Peninsula ' in its native environ-
ments, neem s generally found growing in mixed forests, and associated with other
broadleaf species, such as Acacia sp and Dalbergia stssoo It grows in tropical to
subtropical regions, sermand to wet tropical regions, and from sea levet to over 610 m
(2000 ft) it 1s cultivated throughout India, and in many places has become wild (The
fruit 1s not toxic to birds and bats and it is reported that they are mainly responsible for
the spread of wild neem ) It i1s now found 1n many places outside #s native distnbution
to the sub Himalayan track including the northern part of Uttar Pradesh at 610 m {2000
ft) and the southern part of Kashmir at 670 m (2200 ft) 2

However according to Ahmed and Grainge ® neem 1s native to the Indo Pakistan
subcontinent while others attnibute its nativity to the dry forest areas of India Pakistan
Sn Lanka Malaysia, indonesia Thaland and Burma 4 Nevertheless neem 1s found
throughout Pakistan, Sn Lanka, southern Malaysia Indonesia Thalland and the north-
ern plains of Yemen and has been recently introduced into Saudi Arabia The Philippines
has also begun widescale plantings of neem for fuelwood and pesticide production 1t
1s known that 19™ century immugrants camed the tree from the Indo-Pakistan region to
Fyi and it has now spread to other i1slands in the South Pacific

East Indian immugrants introduced neem to Maurttius and it ts thought that they took
it to a number of African countries It 1s now widely cultivated on the African continent
in Ethiopia, Somalia, Kenya Tanzamia, Mozambique, Maurtarva Togo Ivory Coast
Cameroon Nigena, Guinea Ghana Gambia, Sudan, Benin Mal Niger Burkina Faso
Chad and Senegal, particularly in rainfall deficient regions

Neem was also introduced into several Caribbean nations by East Indian immugrants
and 1s now propagated by indian communities as a medicinal plant in Tnmidad and
Tobago Jamaica Suriname Guyana and Barbados * Neem plantings are also abun-
dant in Guatemala Bolivia Ecuador Honduras Argentina, Brazil Cuba Nicaragua,
Dominican Republic St Lucia and Antigua and large numbers are now being planted
in Haitt In addition to the ongoing expenimental cultivation of neem in Puerto Rico and
the US Virgin Islands plantings in southern Florida are thniving and the field cultivation
of neem in Oklahoma southern Calforma and Arizona has begun 2%*°

i ADAPTATION

Neem grows well from sea level to over 670 m (2000 ft) and can be established n
hot and dry regions without irngation Neem thrives under subhumid to semt and con-
ditions and can be established in areas with an annual rainfall of 450 to 750 mm (18
to 30:n) Optimum growth i1s obtained in tugher rainfall areas (1150 mm) 130 mm/year
1s sufficient for survival * but it needs 450 mm to grow successfully It grows where
maximum shade temperature may be as high as 49°C (120°F), but ¢t does not stand
excessive cold Neem s frost-tender especially in the seedling and sapling stages but
it 15 grown in frost zones of the sub Himalayan tract by protecting seedlings during the
winter with screens 7 Fire often kills it outnght 282 According to Gorse ' neem is not a
very sociable tree does not grow well in pure stands {plantations in Africa often die out

in 3 to 10 years) and is very competitive for water and soil nutnents thus it does not
grow well on marginal soils

Neem seems to grow best in deep sandy soils that are well dratned but can grow in

v 65;

M ULLE BT ¥y R L Okt B B

o gy vt




Volume | The Neem Tree 3

practically all sorts of soil 1t thnves on black cotton soil in India and does not do badly
even on clay it does better than most species in dry localiies, on sandy, stony shallow
soils with a waterless subsoil or in places where there I1s a hard calcareous or claypan
{hardpan) not far from the surface However, neem wili grow much better i this hardpan
1s broken up before planting Occasionally, neem will intially grow well on soils that
appear to be sandy but quickly die out when roots hit a deep layer of dense clay Neem
can grow even on saline and on alkaline usar soils '* however, neem hasbeen reported
to be susceptible to moderate salirity in the Sudan *2 Thus within the species, some
provenances must be more genetically tolerant to salinity than others Fishwick*® ob-
serves that the best neem growth 15 found on stites with a soil pH of between 6 2 and
7+
Neem does not tolerate wateriogged soils, and does not do well on soils with impeded
drainage and on soils subject to inundation Growth is not good on poorly drained soils,
because the taproot tends 10 rot and the trees gradually die in Nigena, De Jussieu™
reported that the best neem groves grew where the water table was 1 5t0 1 75 m down
at 2 5 m, the groves were only mediocre and at 8 m the groves died out In his report
the method of planting the neem trees was not given, and in many places in Africa it
was commonplace to establish plantings by stump cuttings, whereby the taproot was
pruned When this is done a normal length taproot will not regenerate, and the tree
develops extenstve lateral root systems with only pseudo taproots developing that do
not penetrate deep into the subsoil In some soils the water table markediy nses dunng
the rainy season and #f this nse persists the roots of neem trees may smother
Neem does not grow well in soils with high proportions of very fine sand or silt or
finely divided mica the yeliowing of leaves 1s often fotlowed by death ® This may be a
result of nutnent deficiency Research by Zech'® determined that zinc and potassium
deficiencies reduce neem growth evidenced by chlorosis of leaf tips and leaf margins,
particularly on the older leaves the first symptom of zinc deficiency ts yellow coloration
of the intercostal areas leading to complete breakdown of the chlorophyll The shoots
exude much resin with shedding of the older leaves With potassium deficiency leaf tip
and marginal chlorosts and necrosis resutt
In Nigena where systematic tests have been conducted, it was observed that very
successful neem groves could be found in soils having a high clay content (67%) while
trees died out on soils with a high sand content (83%) ™
Neem has been planted on plantation scale in Nigena since 1936 Most of the forests
in the Sokoto region are of this species The introduction of neem to Sokoto was cited
as the greatest boon of the century The tree grew quickly and met the local demand
for firewood and poles for house construction and fence posts In addition to providing
, welcome shade in towns and villages '® Gorse'® states that neem is often the preferred
species for planting n semiand areas because animals do not readily browse #, and
when they do monrtality 1s low and neem recovers rapidly However, Welle'” reports
severe stunting of neem girdied from bark feeding by goats

il SILVICULTURAL AND PLANTATION CHARACTERISTICS

In India, neem 1s generally found in mixed forests So far, littie 1s known about the
behavior of neem n plant communities and its ecological potental and hmitations
Individual neem trees are reported to live for 200 years 2 it seems to do much better
on an 1solated basts than in full groves, and grows beautifully along roadsides, or as
isolated shade trees It also does well In mixed species plantings and in relatively weu-
spaced rows (approximately 3 m apart) along contour hne ditches * Michel-Kim and

| AN .
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4 Focus On Phytochemical Pesticides

Brandt'® report that expenence in india and Africa indicates that neem may not be suited
for monoculture This contention is supported by Gorse'® who states that neem s not
a soctable tree and plantations often die after 3 to 10 years, especially on poorer sites
He contends that neem must be pruned or #t will die back, which can be avoided by
poliarding the tree However, many report neem growing well 1n monoculture in plan
tations 8 1?1920 One explanation for this vanance 1s that neem 1s very demanding on
both water and mineral nutrients, and on soils where nutnents are limited neem will not
do well in monocultural plantations

Neem grows betler with shade in its early stage of growth, but demands light as it
matures Therefore, it has a great capacity for pushing s way through thomy scrub in
its youth Welle'” reports neem growing exceedingly well in plantations in Haiti where
Leucaena lsucocephala is interplanted as a nurse crop with trees having a better form
{the elephant-foot stump type growth with a large taper 1s reduced) Radwansk: and
Wickens® report that transplants are likely to be senously injured by developing leaf
spot (clorosis) as a result of insotation (grown in full sunhght) thus neem does best in

its earlier years when planted with a nurse crop However once mature neem does
best in full sunhght, and does not do well as an understory

IV GROWTH

Neem s reported to grow relatively fast, but varies greatly depending upon its enwvi
ronment, site charactenstics, and the genetic capability of the plant matenial Slower
growth results at higher elevations, at colder temperatures and on dner sites Radwanski®
reports that 66% of the total growth of the tree will occur in the first 3 years durning
which it will reach a height of 4 to 7 m, it will reach 5 to 11 m in the following 5 years
Seedhings show moderate development, ordinanly reaching a height of 10 to 20 cm (4
to 8 in ) by the end of the first year As a rule, trees put on a mean annual girth increment
of2to3cm (0 9to 12in) though more rapid growth 1s obtained under more favorable
conditions De Jussieu™ reports that in irngated groves in india, 16-year-old neem trees
reached diameters over 40 cm, but trees grown in this way break more easily and are
subject to wind damage Under mediocre conditions the average diameter of trees in
a 44 year-old grove was 25 5§ cm and average height was 10 5m In Africa, it1s generally
assessed that at 1 year in good soil, a grove reaches a height of about 15 m at 2
years a height of 2 m and duning the fourth year trees reach a diameter of 7 to 8 cm
and a height of about 45 m

Fishwick'® notes that on poor sites, there was evidence that neem stagnated after
the first 5 to 6 years and for this reason rotations were reduced to 7 years which
appeared to be more profitable Furthermore, it appears that the cntical time in the
development of the trees In the plantation occurs when crowns begin to touch the third
or fourth year with a spacing of 8 ft (2 44 m) x 8 ft and fifth and sixth year at a spacing
of 15 ft (4 57 m) x 15 ft thus on poor sites the wider spaced trees would cost less to
plant would be farger and would have a greater economic value (Companng two
plantations on poor sites, the value of the trees at the wider spacing was four times
greater )

Because weeds compete for moisture and nutnents early growth of seedlings 1s much
retarded and regular weeding and cultivation shmulates neem growth and vigor Re-
search carried out in Dehra Dun India has shown that seedlings that were weeded
reached a height of 0 6 to 1 4 m (2 to 4 § ft) by the end of the second season but only
051t 1t m (166 to 325 tt) if not weeded Later, the seedlings that were not weeded
were killed by weed suppression and frost *
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V. YIELD

According to Michel-Kim and Brandt,'® the yield of neem vanes between 10 and 100
tons of biomass (dried matenat) hafyear, depending upon rainfall, site conditions, and
spacing, and 40 tons {12 5 m® solid wood/halyear (based on 1 m* = 800 kg)] can be
achieved easily under the proper condiions About 50% of the biomass 1s contained in
the leaves, about 25% in the fruit, and 25% in the wood

Gravsholt et al ® reports that the first rotation yield in Ghana was 30 to 38 cords of
fuelwood per hectare (approximatety 13 5 to 17 mha/year solid wood), and in Samaru
in northern Nigenia 7 5 to 67 cords (approximately 2 4 to 21 m*ha‘year) Commonly in
West Afnca, plantations are cropped on an 8-year rotation with a spacing between
treesof8 x 8ft(24m x 24 m)

Fishwick' reports that on more suttable sites in Bornu Province in Nigeria the yield
was 15 to 27 cords/halyear (135 to 24 3 m® solid wood) on a 7 year rotation The
plantation spacing was 8 ft (2 43 m) x Bt and site conditions included sotls comprising
dnft sands with a pH ranging from 50 to 7 5 and a mean annual rainfall varying from
380 to 762 mm (15 to 30 n) An average annual yield for all plantations was 7 to 15
cords’ha (6 310 13 5 m?) In Nigena neem poles are in great demand for house con
struction and fence posts because they are semiresistant to termites, poles thus realize
a greater price than fuelwood

McComb™ reports plantation yields in Samaru Zaria, Nigenia, of 300 to 2250 ft¥/acre
for the first 8 year rotation crop (2 55 to 19 67 m®/ha/year soid wood) and 350 to 2250
ft* (3 to 19 67 m3halyear) for the 8-year coppice crops on the same plantations (The
lower yields were for class IV sites while the higher ones were for class | sites and
the spacing between trees was 2 4 x 2 4 m) interestingly, the first 8-year rotation crop
on class | plantation sites showed an average incremental growth rate of 350 ft*year
(after the second year) while the coppice crop averaged only 250 fi%/year There were
no significant growth rate nor yieid differences on the class IV sites, and on the class
1 sites the volume of the coppice growth by the third year was almost equal to the growth
by the fifth year of the first 8 year rotation crop

Radwanski®' gives the yields of the Majtya plantation near Sokoto Nigena as 520
ft¥/acre of fuelwood after 7 years (52 m*hatyear) and after coppicing 820 ¢ solid
volume of fuelwood and 290 ft° solid volume of imber per acre (total yield of 8 6 m?¥/
ha/year) The plantation was planted in 1945 with open-root neem seedlings (assumed
to mean bare-root) spaced 6 x 6 ft (approximately 18 x 1 8 m) The average annual
rainfall in this region was 31 in (787 mm) with a maximum of 47 in (1194 mm) to a
minimum of 20 1n (508 mm)

. Welle' reports that trees grown in plantations in Hari at 4 years of age averaged a
yield of 1 pole plus and 0 09 m? of fuelwood, but the volume of the pole was not given
Radwanski gives a volume of 1 05 m? for neem poles in one plantation in Nigena

while McComb'? reports a pole volume ranging from 37 to B5% of the total wood
produced

VI COPPICE GROWTH

Early growth 1s faster from coppice than from seedlings, reaching a height of 85 m
(28 ft) in 3 years after cutting However, in Nigena, the height of 8-year-old coppice was
reported to have only equaled that of 8-year-old trees started from seedlings In plan
tations there, trees reached a height of 7 m {23 #t) in 3 years and 12 m (40 ft}) Ir 8 yaars
Approximately 66% of height is achieved in the first 3 years after planting = Fishwick'?
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reports that plantations in Nigena were cut to a stump height of 8 cm (3in ) and coppice
from such low stumps is less likely to suffer from wind damage than from higher stumps
Higher stumps also have a higher incidence of dying off Grose'™ observed that by
cutting at a stump height of 1 to 2 m, the number of poles produced by coppice will
increase Radwanski’” recommends a coppice management system every 3 years for
maximum biomass yield based on the observation that 66% of the growth of the tree
occurs in the first 3 years However, this ments further research, since much faster

growth of coppice occurs once the root system 1s established, and a much shorter
rotation may give a maximum yield

Vil INTERCROPPING

Radwansk: and Wickens® report, * Neem cannot be grown among agricultural crops
since 1t will not tolerate the presence of any other species in its iImmediate vicinity and
if not controlled, may become aggressive by invading neighboring crops  Troup® re
ported that seedlings 'that were not weeded were suppressed and eventually killed
because of weeds (and frost) But Makay>* reported that even though neem seedlings
had been hidden from August and September under a 10-ft (3-m) high crop of millet
neem did surpnsingly well The seedlings were stil healthy, did not appear o have been
retarded after the miliet was harvested in October and a healthy stand of neem was
left behund Others state that neem can be planted in combination with fruit cultures and
crops for feeding cattle (e g, Penrisetum pedicellatum, as suggested by Misra) 2 Also
recommendations have been made for combinations of neem with sesame cotton and
hemp,? with peanuts, beans sorghum,”#72® with Acacia arabica (synonym A nilotica)
and cotton,! and with Khaya senegalensis #*

in Nigena, a form of taungya was used for neem plantation establishment and farmers
cultivated groundnuts, beans, and miliet between the trees but the forest department
planted the trees These plantations were superior in survival and quality to plantations
established by other means, and the cost was much lower In areas where neem
plantations were cleared groundnuts were cultivated and yielded three times the av
erage for other fields

it 1s known that the compounds found in neem are not only effective against insect
pests, and beneficial in the efficient use of nitrogen but they also affect some fungi and
bactena Thus the tree may have a significant influence on the batance within the
microfauna fung and bactena communities Because plants depend upon a certain
microfauna and a special complex of bactena and fungy, it 1s possible that where neem
changes the composition signthcantly problems may anse The effect of neem may be
both positive and negative, and research 1s needed to prove or disprove these factors ™

Perhaps neem is allelopathic to some crops There are many conflicting statements
as to ts compatibility for ntercropping with food crops, some agree that it has poor
agroforestry potential because of its interference with other crops or vice versa There
is no clear explanation made as to the intolerances, either of neem to other crops or
vice versa Or the reason may be that since neem fruits produce a systemic somewhat
repugnant chemical food crops may take up this chemical from fruits falling on the
ground once the tree begins beanng fruit (usually at 5 years) Food crops might then
have a bitter taste hence the reference that neem is not a good species for agroforestry

Research 1s surely needed to prove or disprove the incompatability of neem as an
intercrop and agroforestry species

The answer may be to plant neem in mixed torests in combination with pasture
Michel-Kim and Brandt' suggest that up to 20% of the area could be planted to neem
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and village plantings could constitute up to 15% Neem would aiso be a good species
for use in a sequential agroforestry system as illustrated in the Radwanski and Wickens
paper ® Another exceilent use of neem in agroforestry systems 1s for windbreaks In the
Majia Valley in Niger, over S00 km of windbreaks (a form of agroforestry) compnising
double rows of neem trees have been planted to protect millet crops and to supply wood
to local villagers This has resulted In a 20% grain yield increase for local farmers and
the windbreaks are lopped and provide needed fuel and construction wood to wil-
lagers 303

Perhaps one of the best agroforestry potentials of neem s growing it for s various
useful products where it 1s not intercropped with food crops, and the products {leaves,
neem cake etc ) are processed or used in a cut-and-carry system and applied to food
crops as a tertiizer and pesticide

Vill NEEM SEEDS AND PROPAGATION

Neem begins to bear fruit In 3 to S years 3 The pernod of collection of neem fruits
naturally vanes from place to place, depending upon the regional cimatic conditions
In India collection may begin as early as May and extend through September however
there seems to be two distinct fruting penods May — June and August — September

The fruits are collected from the trees when fully ripe or are gathered from beneath
trees

A. YIELD

Neem produces fruts in 3 to 5 years and becomes fully productive in 10 Ketkar?
gives a yield of about 50 kg (110 Ib)Aree/year Ahmed and Grainge® 30 to 50 kg (66 6
to 110 Ib), and Radwanski® hsts 11 4 to 34 kg (25 to 75 1b), averaging about 20 5 kg
{45 Ib) About 2000 to 3000 fruts weigh 1 kg the depulped frutt yields about 1800
seeds/kg,'* and 9 to 10 dry seeds weigh 1 g * The ratio of seed 1o pulp 1s approximately
1:2, and fruit pulp and kernels account for 47 5 and 10 1%, respectively, of fruit weight 33
For reproduction seed preparation the fruts are rubbed and washed to remove the
flesh from around the seeds After washing the seeds are dned in the shade and
preferably stored in dry, arright containers

B VIABILITY

Usually neem seeds remain viable for only a few weeks, about 1 to 2 months, and
normally they are collected when thoroughly npe and sown as soon as possible But
when mature seeds are depulped and adequately dried and cooled, they can be stored
for longer penods Reportedly, germination rates rapidly decline dunng storage How-
ever, Brouard> ciies work by Dr Paul B Tompseli at the Royal Botanical Gardens in
Great Britain, who froze seeds after drawing the seed moisture content to below 8%
and they remained viable up to 2 years To obtain a high germination percentage, seeds

must be collected when they are fresh, cleaned thoroughly, and handled carefully (to
avoid cracking)

C GERMINATION

Seeds germinate in about 2 weeks after sowing Fresh neem seed germinates quite
readily and scanfication is generally not needed Research at the Royal Botanic Gardens
In Great Britain indicates that germination 1s improved If the mner shell 1s removed to
expose the embryo before planting ® ana Smnn® reports the same However, Singh*
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recommends that the seeds be cut across with a sharp blade and the cotyledons
examined If the cotyledons are green the seeds are sound but if they have tumed
yellow or brown, they will not germinate

In more efficient containenzed nursenes, it s desirable to produce a sprouted seed
in every container because less space 1s required and it reduces per-seedling labor
costs Expenments were conducted by Operation Double Harvest in Harli in an attempt
to pregermunate neem seeds for transfer to container, however, the research showed
that 47% of pregerminated seed had a major taproot deformity (crooked or looped),
while the roots of only 7% of dry sown seed were deformed >

Fagoonee® found that germunation is best when seeds that have fallen from trees
duning the preceding week are soaked in water for about 3 d, depulped and cleaned
then sown directly into the nursery in damp soil The soaking breaks the dormancy by
neutralizing the germination inhibiting chemicals found in the shell of the seed

However, Ezumah* concludes that neem seeds do not require a penod of after-
npening Seed ongin, year and time of producton have no significant effect on germu-
nation and longevity Sun-drying does not adversely aftect viability and appears pref
erable to air-drying to bring seed moisture content to 10% or less before storage The
method of seed cleaning also has no significant effect on germination and longevity
thus, decomposing the pulp before washing by keeping the fruts in a heap I1s easier
than peeling the pulp from fresh fruits Cold storage adversely affects the viability of
neem seed, seeds stored at room temperature (20 to 28°C) retained some viability for
16 weeks, while viability lasted for only 12 weeks at cold storage (6 to 7°C)

IX PROPAGATION TECHNIQUES

Most commonly neem seedlings are propagated in the nursery and transplanted to
the field, although direct sowing has been successful in some areas If rainfall 1s ade-
quate ' V7

Although neem needs light young seediings can suffer from strong solar radiation
thus a light shade s destrable during the first season of growth Sudden exposure of
seedlings without first hardening off will result 1n a high rate of mortality Seediings
naturally regenerated under old stands often die when the trees are cut and the canopy
1s opened ?

A NURSERY CARE
in the nursery, seediings are either grown in containers (plastic bags or root trainers)
or in seedbeds Germination starls iIn about 8 d and continues to about 3 weeks

1 Bags and Other Containers

Seeds are sown directly into the container filled with potting soil and are ready for
transplanting in 12 weeks **' In Hait seedhings are grown in containenzed nursenes
and transplanted in 3 to 5 months depending upon the rainfall pattern '7

2 Seedbeds

If the nursery is imgated seeds can be harvested early in Apnt and planted in the
nursery The seed should be lightly covered with earth and spanngly watered the soil
kept loose to prevent caking Singh®* recommends a spacing of 5 cm in-row and 20
cm minter-row planting the seed at a depth of no less than 1 cm to minimize rodent
damage Fishwick'® states that seeds shoukd be sown thickly in ines 30 cm apart
selectively thinned when the seediings are about 8 cm high (3 1n) to a spacing of 8

7 x
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cm, and selectively thinned again in 4 to 5 months with only the best stock remaining
at a spacing of about 23 cm (9 1n)

3 Seedlings

Recommendations when seedlings are ready and what the hetght is at the time of
transplant vary If seeds are planted early in April, seedlings should be ready for trans-
planting by July (4 months), reaching a height of 15 to 20 cm De Jussieu' and Troup®
report that neem fruits from Apnl to July, and seeds are planted in seedbeds in a partalty
shaded nursery as soon as possible after harvest, around the middle of July when the
rains begin, and are ready for transplant by the next rainy season, after reaching a
height of about 0 80 to 1 m Radwansk’ and TAREC*' indicate that seedlings are ready
for transplant 1n about 12 weeks when they are 75 to 10 cm high (3 to 4 in), with a
taproot approximately 15 cm long (6 in) Mitra*? recommends transplanting when seed-
ings reach 7 5to 10 cm (3 to 4 in) huigh According to Singh,** seediings transplanted
younger than 1 year have a poor survival rate this does not hold true according to

expenence in Hati where the survival rate of 3 to 5-month container-grown neem
transplants 1s 85% *7

4 Root Balis

Seedlings that have not been planted duning the first year are kept unti the following
season and sometimes untl they are 2 years old Year-old seediings are carefully
uprooted from the nursery leaving a ball of soil around the roots and transplanted as
soon as possible Planting 1s done in July — August in pits dug in Apnl — May which
allows weathenng of the soil, and if rain immedhately follows good survival rate is
ensured In dry areas, about 90% of the leaves are removed, reducing evapotranspir-

ation, and decreasing transplant shock The areas in the vincinity of the trees must be
kept weed-free >

5 Stumps

In India, stumps are usually prepared from 2-year-old seedlings although in irngated
nursenes, year-old seedlings may attain the desired size for stump preparation The
seedlings should be uprooted with care to avotd sphitting or breaking the taproot Stumps
are prepared with 22-&m roots and 5-cm shoot portions and wrapped (bare-rooted) 1n
moist gunney sacks and kept in the shade until transplanted Just before planting in 30
cm? pits, desiccated root and shoot tips are pruned > In Nigena Fishwick'? found that
seedlings cut to a stump height of 03 m (1 ft) were better than taller ones because
they were easier to handle and provided sufficient buds for sprouting, and were not
damaged by wind which whipped taller ones, loosened the soit and exposed the roots

' Roots were tnmmed to 30 cm {12 in) with most of the new growth produced by the
callus that forms at the point where the roots are tnmmed Survival was increased when
the seedlings were cut in the seed bed rather than at the time of Iifting because shock
was reduced by not cutting Iifing and transplanting at the same time, and a callus
tissue would form on the shoot wound before Iifting In Afnca Gorse'® cut canes to a
height ot 15 m and removed all leaves before transplant, and in this way the bark 1s
already hardened and not as susceptible to damage by arimals

6 Disadvantages

There are distinct disadvantages to planting overage seedlings First, 1t is very costly
to keep and care for seediings for 1 to 2 years The added weight of seedlings with a
soll root ball drastically increases transportation costs and reduces the number of seec-
lings that can be deltvered to the planting site, especially if they are hand carned Another
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problem when seedlings are transplanted bare-rooted, they suffer severe transplant
shock roots dry out, root hairs and beneficial mycorrhizae die Survival rate s decreased,
and growth rate 1s retarded

B TISSUE CULTURE

The use of tissue culture and cuttings to produce neem for reforestation has been
deemed unrealistic in most cases because of the high cost of a production factlity, and
the relative ease of producing seedlings © Also, #t 1S questionable whether tissue-cul
tured plantiets and cuttings will develop full taproots However, it could be economically
justified to screen and reproduce plants of unique germplasm (such as a tree with an
unusually high azadirachtin content) in this manner for seed orchard establishment in
more morst areas, which would not be affected by limited taproot development

Neem has been successfully tissue-cultured from leaflet callus tissue and from stem
tissue by growing it in modified Murashige and Skoog media producing roots in 40%
of the cultures and developing into complete plantlets in a supplemented medium 44-¢
in further tissue culiure research Schultz*” was not able to achieve root inihation as
reported by Sanyal et al “* which supported research by Rangaswamy and Promila*
descnbing the differentiation of growth centres n Azadirachta calius and the eventual
shoot bud formation with rarely any rooting Again, it is questionable whether a normal
length taproot will develop from tissue-cultured plantlets, which would exclude therr
planting in water-stressed areas

C CUTTINGS

Neem can also be propagated by cuttings, which require a production penod of &
months to 1 year,*' but again the development of a normal taproot would be doubtful
Air-layered branches treated with IBA or NAA in lanolin paste at 0 1% develop roots
satisfactonly *° In Nigena, Fishwick'? records that in Maidugun a number of neem shoot
cuttings were treated with a rooting hormone (Seradex B) and then placed in pots A
number took but did not survive afier being transplanted In Sokoto, the work was
repeated but cuttings were covered with polythene bags, and a number survived after
being transplanted It was found that a significantly hugher proportion of the cuttings
took root when they were taken and prepared at the start of the rainy season

D DIRECT SEEDING

In the iterature the term ‘direct seeding (sowing) Is used in two ways — direct
seeding in the nursery and direct seeding in the field In india and Nigena direct sowing
1s reported to have proven more successful for reforestation than transplantng however,
this 1s when areas to be sown are well prepared (similar to land preparation for sowing
food crops) Direct seeding on hard and inhospitable soils has not been very successful,
but estabishment and growth can be greatly enhanced when seeds are sown in bore
holes that have been dug in these hard soils and filled with a fertile potting mix Research
has shown that hole size on difficult sites can significantly enhance establishment and
growth of transplanted seedings Aithough dnlling bore holes with a post-hole auger
and filing them with a potting mix may to some seem expensive, the cost 1s comparable
to nursery raising and transplanting seedhings

When direct-seeded, neem establishes an extensive root system before aenal growth
becomes rapid 4 Site preparation and transplanting are the two biggest costs of refo-
restation, and direct seeding can markedly reduce transplanting costs De Jussieu'
reports that aenal seeding has been tried but yieided poor results since the chances
of survival for the seeds 1s much lower than direct seeding or prepared land Gorse'
recommends the use of a groundnut planter and weeder for direct seeding and weeding
and covenng the seed beds with a 10 to 15-cm muich of groundnut hullis

7341
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Walle'” reports that direct seeding has proven to be a viable method of establishment
in Hait Seedlings raised in nursery beds are ready for tranplanting dunng the first rains
when they are 7 5to 10cm (3 to 4 in ) high Sometimes seedlings are retained in nursery
beds and transplanted dunng the second rainy season "'

Methods of direct seeding vary 7 '* > In India

1 The soil 1s worked to a depth of about 15 cm and the seeds are sown at a depth
of 1 5 cm Sowing is done either in patches or lines, in the former they are spaced
about 3 x 3 m, and spacing between hines 1s about 3 m, using 3 to 4 kg of seed
per hectare Weeding 1s necessary and seedlings are thinned at the end of the
first season, leaving two seedlings per patch or two seedlings per meter length of
the line

2 Seed was sown at high and dry sites that had been plowed twice No watering
was done but the seedlings were kept free of weeds In less than 3 years, the
plants were 7 to 8 ft hugh, the growth being equal to or better than that of transplants
that had been carefully watered and tended Trees in similar plantings at another
site measured up to 12 ft in 3 years

3  Drrect seeding nto mounds of earth 12 x 4 x 1 5 ft on sites receving 24 in (600
mm) of rain annually produced plants that reached a maximum height of 4 5 ft in
1 year

4  Neem was sown in combination with the cultivation of sesame, cotton, and the
lesser hemp tn an area with an annual rainfall of less than 500 mm (20 in) The
sown lines were 03 m (1 ft) apart three hines of field crops to one line of trees
so that the latter were 1 2 m (4 ft) apart Sowing of both field crops and trees was
done after site preparation by plowing and harowing The lines of trees were
weeded twice durning the first rains The trees reached a height of 5 m (16 ft) and
girth of 43 cm (17 in ) in 3 years

5  Direct sowing into piowed furrows in black cotton-soil produced trees with a max
imum height of 15 m (5 ft) after 1 year

&  Success has been achieved by dibbling neem seed under Euphorbia bushes

In Nigena Fishwick'? reports successful direct seeding at the bases of the native
cover, with a survival rate of about 40 trees/ha It was observed that although the rate
of growth 1s generally slower than on cultivated sites it had ments of simplicity and
cheapness to ennch degraded forest area

In northem Nigena neem interplanted on farms among groundnuts beans and millet

showed markedly superior growth When the crop was harvested, a healthy stand of
neem seedlings was left behind *

E SPACING

Neem seems to be very nutnent-demanding, and has been known to send out lateral
surface roots reaching over 18 m * In Nigena, a2 spacing of 18 x 18 m s recom
mended '* and Gorse' recommends a much wider spacing on poorer sites

F ROOT FORMATION

Roots that have been pruned (as suggested in the stump planting method) may not
regenerate into a long, normal taproot (rather they develop several shorter pseudo
taproots, which are not as long as a normal one) Fishwick'® found, by digging, that a
2-year-old tree planted from a stump possessed seven taproots, each with a 1 27-cm
(/- ) diameter at a depth of 12 ft (full dep*h of penetration was not recorded) The
author does not know If neem, under normal circumstances from a seed with an un-
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damaged root system, would develop only a single, deep taproot Without a normal
taproot, the plant would be limited in its ability to penetrate into low water tables and
reach nutnents in lower soil honzons Dunng drought, when water tables drop consid
erably, the trees may die Similar difficulbies would be encountered when trees are
established from cuttings, for they do not generate normal taproots This might explain
the die-off of the neem plantations (established by stump cuttings and from seedlings
with the taproot pruned) in Maidugun, Nigena, reported by Fishwick'® and elsewhere
by others *

G SURVIVAL

The rate of seediing survival is influenced by a number of factors besides age of
seedlings and methods of transplanting Genetics play an important role, and seeds
should be gathered from plus trees of the desired phenotype and ecotype Also the
size of the seed influences survival and early plant growth, larger seeds produce a
much stronger seediing (maternal influence) Seediings with a well developed root
system (such as those promoted by root trainers, and through fertihzation and those
which have been inoculated with mycorrnizae) can withstand drought much better and
have the capacity for a more immediate and larger uptake of moisture and minerals
thus will have a higher survival rate

H NATURAL REPRODUCTION

Under natural conditions, the fruit (seed) ordinanly drops to the ground dunng the
rainy season, and germination takes place in 1 t0 2 weeks Neem reproduces naturally
with tolerable freedom, especially around trees growing in moist, sandy soils Naturally
regenerated seedlings have been used for reforestation, but they do not compare in
vigor with good nursery stock Therr root systems are poorly developed they are very
sensitive to sunlight, and they lack buds ' In Hart, a number of volunteer seedlings
were dug up from under a tree 22% were highly deformed, and only 39% could be
rated as having well shaped taproots 3 Neem establishes well under bushes and scrub *
though intial growth s usually slower ¢ Bats and birds are reported to spread neem by
eating the frut and depositing the seed elsewhere, and spontaneous individual trees
and stands of neem trees are reported to have been established in this manner in
several countnes in Afnca, India and Haiti Some feel that bats spread more seeds

than birds, and larger numbers of volunteer seedlings can be found under trees where
they roost 10145

X GERMPLASM

There Is great vanation i the germplasm of neem in terms of azadirachtin content
seed ol content, seed yiold, form (clean, straight bole, branchy, etc ), fast-growth
tolerances to different environments, and resistance to diseases and pests if neem 1s
to be grown for peshcide production, it is necessary to develop trees that produce tigh
yields of frut with maximum azadirachtin content Therefore, there is a great need to
exploit the germplasm resources of neem in the area of its ongin as well as in exotic
regions and to conduct research on its performance There is also a need to broaden
out the germplasm in exotic areas to avoid disease and pest infestations where it i1s

widely planted Since neem is native to the Burmma-India area all germplasm onginates
there

There i1s a great vanance in the azadirachtin content of the seed which may depend
upon a number of vanables, and it 1s difficult to determine which one(s) The differences
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in azadirachtin content may be determined genetically and may be environmentally
tnggered or influenced, perhaps by water stress high humidity, high or low levels of
rainfall or soil nutnient content Azadirachtin content may also vary greatly depending
upon the age of the tree, when the seed 1s picked how it 1s dned, stored, shipped,
exposed to light, heat or cold, etc Some think azadirachtin content of seed from trees
5 or more years of age is higher than that from younger trees The only way this can
be determined 1s by scientifically noting the environment where the trees are growing
(altitude, soil type, lattude, rainfall, and pattern — e g, was the tree water-stressed
before fruiting?), determining the age of the tree, collecting all seed at the same age
or stage after fruiting (green npe but stili on the tree fallen to the ground), and cleaning
drying, storing, handiing, and analyzing the seed in the same manner

Jacobson® analyzed seed from some vaneties from india that contained only 1 to 3%
of the chemical, while seed from Africa tested at 5 to 6%, and some as high as 9%
Also, collections of neem seeds (reared from Togo-bred seeds) in June and September
have shown that the seeds from older trees contain larger quantities of pesticidal com
pounds, especially azadirachtin ' Ermel et al 52 analyzed seed from 66 sources The
highest contents were measured in samples from Nicaragua and indonesia showing
4 8 and 4 85% azadirachtin respectively High contents were also measured in kernels
from Togo, India, Burma, and Maurntius (3 3 to 3 9%) wherease samples from Sudan
and Niger gave lower yields (1 9% and 1 5%) The incubation of kernels under increasing
temperatures and high air moisture resulted in time-dependent decrease of the azad:
rachtin contents The exposure of extracts to sunlight and ultraviolet radiation also
decreased the azadirachtin contents remarkably Singh® notes that an attempt to cor
relate the antifeedant efficacy with extract yield and ol content and these three factors
with environment often falled However it was observed that seeds from neem trees
growing in dry areas near the desert possessed much higher biological activity than
those from trees growing In coastal areas

Reports on the amount of ol In the seed vary from as low as 17 to over 59% According
to Radwanski,® the kemels constitute about 45% of the fruit and yield about 45 to 49%
otl (25% of the whole fruit) proper handiing of the seed and more refined methods of
extraction yield higher levels of oil The yield of oil from the Ceylonese seed kernels 1s
reported to be the highest at 59 25% Larson®* states there s no evidence at this time
that the azadirachtin level nses inearly with the percentage of the ol since the azadi
rachtin does not tend to follow the oil in the extraction process using ethanol Mitra*?
and Ketkar® estmate neem seed to contain about 20% od, which contains about 2%
active ingredients with manufactuning potential for producing pharmaceutical and insect
repellent preparations Singh®® notes that kernels from trees growing in humid areas or
areas with more rainfall yielded more oil than those from other places Again, the amount
tof oil In the kemel 1s probably inhented and may be environmentally influenced

it 1s also necessary to develop fast-growing neem germplasm for two other purposes
(1) maximum clean bole height and (2) maximum branching at a low height that produce

straight coppiced poles, in order to remit maximum income to farmers in developing
countnes

Xt TOXICITY, PESTS, DISEASES, AND LIMITATIONS

Neem 15 said to have few pests and its naturally occurmnng pesticide 1s nontoxic to
man and animals However, there 1s evidence that this may not be so

A. TOXICITY
Radwanski and Wickins® state that one of the most significant attnbutes of neem oil
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as an insecticide 1s that it 1s effective and reportedly nontoxic to man or animals, and
nonpoliuting to the environment However, a syndrome similar to Reye s syndrome has
appeared in children given large doses of neem oil,5** although infrequent, this man
ifestation has been fatal Because Reye's syndrome and the neem oil-induced Reye s
ke syndrome are poorly understood, neem extracts should be tested more thoroughly
before being used for medicinal purposes Also, neem extracts have been found to be
toxic to guinea pigs and rabbits,>” the insectivorous fish Gambusia spp , and tadpoles
died at 0 04% concentraton of neem extracts 3 Welle'” observed that neem seeds
faling into fish ponds in Hart proved fatal to Talapia fry This indicates the need for
systematic follow-up toxicological studies

Pereira and Wohigemuth®® report that neem seeds carry Aspergilius flavus, which in
certain conditions produces aflatoxins, this 1s a particular concern in waste piles at
preparation sites

B ALLELOPATHY
There 1s some concern that neem compounds may be allelopathic, but no research
evidence supports this contention (also see Section Vli)

C PESTS

Roberts® lists 14 insect species and 1 parasitic plant as recorded pests of neem in
Nigena, afthough few are serious, and most plantations of neem are reported to be
insect free, evidently due to the repeliant compounds of the tree Insects will eat the
radicle of germinating seeds f it 1s not covered well with soil Occasional insect infes
tations by species of Microtermes and plant parasitism by Lorantum have been observed
in Nigenia, but the attacked trees aimost invanably recover, though therr rate of growth
and branch development may be considerably retarded ® CAB-lIBC®' reports that
Aomidiella onentallis has become a pest of neem in some parts of Afnica (e g, the Lake
Chad Basin Niger, Chad, Nigena, and Cameroon)

In india, the larvae of Enarmonia koerigana Fabr feed on rolled leaves and bore into
tender shoots and the larvae of Cleora comana Meynck and Odites atmopa defohate
the leaves ® Warthen® lists nine other insect pests that attack neem Calepitenmerus
azadirachta Araecerus fasiculatus Cryptocephalus ovulus, Holotnchia consanguinea
H insulans H serrata Pulvinana maxima, Laspeyresia aurantanna, and Orthacris
simulans

Termites have been known to damage trees attacking them at the leve!l of the collet
sometimes extending to the trunk and to the cyme but generally not kiling them 4
Fishwick'? reports that termites attack weak sickly trees but at imes they also attack
and kill young wvigorous trees Neem coppice shoots have also been attacked and killed
but the roots of the stump were not damaged and produced fresh coppice shoots

Gosh®* reports that the neem scale Pafvinana maxima s a senous pest in central
and south india. It feeds on sap, covers the tender shoots and stem 1n numbers, and
sometimes damages a young free considerably A tree in an advanced stage of infes
tation 1s recognized by the thick coating of white, mealy patches formed on the foliage
shoots, and bark Another scale insect Aspidiotus onentahs thickly covers the shoots
and stems of seedlings of about 0 6 to 2 5 cm in diameter, appeanng on the new shoots
and spreading to the leaves In severe infestations, the growth s retarded, leaves are
shed the stems die back and young trees may be kified Also Aspidiotus pseudocer
iferus feeds on the sap, and the nymphs of Helopeltis antoni feed on sap by punctunng
the soft plant tissue which blackens and dnes The wounds cause deformation of leaf
and shoot or the whole shoot may diry up and die back

7,
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D DISEASES

Recorded pathogens attacking neem are Ganoderma lucidum, causing root rot, Cor-
ticium salmonicolor, causing stem and twig blight, Cercospora subsessilis, causing leaf
spots, Ordium sp , causing powdery mildew, and Pseudomonas azadirachtae, causing
leaf spot and blight % % Sankaran et al ® reports additional diseases attacking seedlings
in nursenes in India Rhizoctonia solami, causing web blight, Sclerotium rolfsi, causing
stem rot, Colletotnchum capsict and C subsessilis, causing leaf spot, and Fusanum
solani, causing wilt Stem rot, leaf blight, web blight, and wilt reported for the first time
caused up 1o 30% mortality of 2 to 3-month-old seedlings

Singh and Chohan®® observed a severe canker diseasse of twigs and shot-holes in
leaves of neem and dentified a fungus, Phoma jolyana, as the cause De Jussieu™
reports that cankerous lesions can also sometimes be found on the tree in fissures
coming up from the collet along the stem The wood becomes brown around the cankers
and this coloration can penetrate to the heartwood Gorse’® observed that canker pre-
vailed on the sunset side of the tree This disease seems to correlate with a sudden

absorption of water after a long drought but through exploration of the genetic potential
of neem, genetic resistance might be found

E PARASITES
Mistletoes that parasitize neem include Dendrophthoe falcata and Tapinanthus sp %

F WEEDS AND TILLAGE

Neem 1s intolerant of grass competition and needs thorough weeding, especially in
dry areas, to obtain good growth * Thorough weeding without watenng is found to gain
resufts almost, if not quite, equal to those attaned by irngation and weeding The
loosening of soil to prevent caking (in some soils}, which promotes soll aeration and
increases moisture percolation, 1s found to be most beneficial Research indicates that
on undisturbed soil, less than 25% of the ramn falling on it i1s absorbed, but up to 60%
when frequently hoed, mulching plus hoeing increased the absorption up to 90% '3

However, Fishwick'? concludes that once weeds and grasses are established and
rool below the upper zone of competition their presence does not seem to affect the
tree growth, although it should be noted that perenmal grass roots have been observed
at depths of over 3 m (10 ft)

Expenments 1n Nigena have shown that some tillage dunng and at the end of the
wet season has a remarkable effect on the growth, health, and survival of neem in the
first year when interplanted among groundnuts, beans, and millet 24

In compacted and eroded sous, survival rate can be influenced by the size of the hole
in which the seediing 1s planted A larger hole allows for increased water infiltration

«because of the uncompacted soil, and it also aliows better development of the root
system In nutnent poor soils, it should be possible to gain a higher rate of establishment
by bonng or augenng a hole into the ground about 10 cm (approximatety 4 in ) in diameter
by 15 to 23 cm (approximately 6 to 9 in ) deep, replacing the displaced soill with a good
nutnent-nch nursery mix, and seeding directly into the hole This would greatly reduce
reforestation costs, doing away with the expensive nursery operation

G OTHER PROBLEMS

Neem seediings are kified by frost and fire, and large trees are frequently snapped
off dunng high winds However, trees seemingly killed by fire will coppice and regrow
if cut soon after the burn '® Regeneration beneath stands of neem is sensitive to sudden

exposure to direct sunhght, and clear felling in plantations normally results in the death
of this regeneration if seedlings are under 8 cm (3 in ) in height 2
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in some localities rats and porcupines girdle neem seedlings and trees gnawing the
bark from around the base and killing them In areas with high rodent densities they
devour the fruits greedily and consume most of them after they fall to the ground Goats
and camels have been known to severely browse young plants and kill them 3

Because of the potential of pest outbreaks, neem should not be raised in pure stands,
and it 1s recommended that neem should be mixed with leguminous trees like Leucaena
leucocephala, Albizzia lebbeck, or Acacia milotica, which reduce the nisks of infestation
by these pests These trees would also complement the non-nitrogenous neem tree
Welle'? reports that neem interplanted with Leucaena leucocephala in Haiti grew better
than neem in monocutture
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Recent Aovances 1n Research on Tropical
Entomology Proceedings of the
International Conference on Tropical
Entomology Nairobyr Kenya 31 Aug-5
Sept 1986 1987 v 8 (4/5/8) p
734-7368 Includes references (NAL Call
No  DNAL QL4641 I57)

00 1

Antifeeding potency of neem formulations
(Fall armyworm Spodoptera frugiperda)
Redfern R E warthen J D

Jr ~Jacobson M ~Stokes J B New York
N Y Marcel Dekker Journal of
environmental science and heaith Part
4 Environmental science and
engineering 1984 v 19 (4) p

477-481 Includes references (NAL Call
No TD4172 J6)

0012

The antimalarial activity of Azadirachta
indica

FTRPA Obaseki O Jegede-Fadunsin

M A Milano Invern: della Beffa
Fi1toterapia 1986 v 57 (4) p

247-251 13111 Includes references (NAL
Call No DNAL 450 F55)

0013

Antiviral sctivity of a Melia azedarach
plant extract (Animal viruses)

wachsman M FTRPA Martino

vV ~Gutkind G O ~Coussio J D ~Cote

CE Milano Inverny della Beffa

F toterapia 19B2 v 52 (5/6) p
167-170 Irnciudes references (NAL Call
Ne 450 F55)



0014

An antiviral factor from Melia azedarach
L prevents Tacaribe virus sncephalitis
in mice

EXPEAM Andrer G WM Lampuri

JS ~Cote C E ~Torres R A de Base!
girkhauser Experientia July 15 1886

v 42 (7) p B843-845 Includes
ref?rences (NAL Ca211 No DNAL 475

EX7

0015

Azadirachtin a potent insect growth
regulator of plant origin (Azadirachta
indica Epilachna varivestis Ephestia
kuehniella Ap1s mellifera)

Remboid H Snarma G K ~Czoppelt

Ch ~Schmutterer +H Hamburg W Ger
Paul Parey Zeitschrift fur angewandte
Entomologie = Journal of applied
entomology Feb 1982 v 93 (1) p
12-17 15 ref (NAL Call No 421 236)

0016

Azadirachtin affects growth and
endocrine events in larvae of the
tobacco hornworn Manduca sexta

JIPHA Schiuter U Bi1dmon

H J ~Grewe S Oxford Pergamon Press
Journzl of 1nsec* physiology 1985
31 (10) p 773 777 Includes
references {NAL Call No DNAL 421
Jg2%)

0017

Azadirachtin ecdysteroids and ecdysis
1n Locusta migratoria

CBPCB Mordue A J Evans

K & ~Charlet M Oxford Pergamon
Press Comparative biochemistry and
physiology € Comparative pharmacology
and toxicology 1886 v 85 (2) p
287-3C1 1Includes references (NAL Cail
No DNAL QPS01 C6)

o018

Azadirachtin I-interaction with the
development of red cotton bugs

ETEAAT Koul ©O Dordgrecht Dr W Junk
Publishers Entomologia experimentalis
et appiicate 1984 v 36 (1) p B85-88
Includes 11 references (NAL Call No
DNAL 421 ENB95)

00, ¢

Azadirachtin induced changes in
development food utilization and
haemolymphr constituents of Schistocerca
gregaria Forskal

ZANEA Rao P U Subrahmanyam B
Hamburg W Ger Paul Parey Journal
of applied entomology = Zei1tschraift fur
angewandte Entomologire 0Oct 1986 v 102
(3) p 217-224 1Includes references
(NAL C2 1 Nc  DNAL 421 236)

0020

Azadirachtin insect ecdys:1s inhibitor
(Isolated from fruit of Azadirachta
indica Incian neem tree tested against
field crop pests)

Kubo 1 Klocke J A& Tokyo dJapan
Agricultural Chemical Society of Japan
sgricultural and biclogical chemis*ry
July 1982 v 46 (7) p 1851-1853 1111
g8 ref (NiL Call No 385 AGSBE)

LN )

0021
Azadirachtin II Intersction with the
reproductive behaviour of red cotton

s
ZANEA Koul O Hamburg W Ger Paul
Parey Zeitschrift fur angewandte
gEntomologie = Journal of applied
entomoiogy Sept 1984 v 98 (2) p
221-223 Includes references (NAL Call
No DNAL 421 Z36)

0022

The azadirachtins a group of insect
growth regulators from the neem tree
Rembold H Forster H ~Czoppelt

C ~Rao P J ~Sieper K P Eschborn W
Ger Die Gesellischaft Schriftenreihe
der Gesellschaft fur Technische
Zusammenarbeit In the series analytic
Natura! pesticiges from the neem tree
ano other tropical plants / compiled by
H Schmutterer angd K R § Ascher
Proceedings of the 2nd Internat Neem
Conference May 25-28 1983
Rauischholzhausen Federal Republic of
Germany 1984 (161) p 153-162
Includes references (NAL Call No DNAL
HD1417 BB)

0023

Azedarachol a steroid ester antifeedant
from Mel:a azedarach var japonica
PYTCA Nakatant M Takao H ~Miura

1 ~Hase T Oxford Eng Pergamon
Press Phytochemistry 1885 v 24 (8)

£ 1945-1848 Includes 13 references
(NAL Ceall No DNAL 450 P5622)

0024
Beating back the bugs n the forests
YAXAA Shade C 1 Hamel D R

washingtor D C U S Department of
Agriculture The Yearbook of
ag-iculture 1987 o 230 233 1111 (NAL
C=11 No DNAL 1 AGB4Y)

0025

Biological activity of azadirachtin
component of the neem tree 1nhibiting
moiting 1n the face fly Musca
autumnalis De Geer (Diptera Muscidae)
(Azadirachta indica)

Gaaboub T A Hayes D K Coliege
Park Md Entomoiogical Society of
America Environmental entomology June
1984 v 13 (3) p 803-812 111
Includes references (NAL Call No
QL4881 ES32)

0026

Biologically active compounds from

Mel jaceae

Kraus W Amstercam Elsevier
Scientific Pub Co Studies in organic
chemist~y 1984 v 17 p 331-345 1]
Includes 20 references (NAL Call No
DN&L QD241 SB)

0027

The biology and ecology of the
leaf-miner Liriomyza trifolir and its
control by neem (Azadirachta i1ndica
Mauritius)

Fagoonee 1 Toory V Oxford Eng
Pergamon Press Insect science and 1ts
application 1984 v 5 (1) p 23-30
11 "nciudes references (NAL Ca’l No
QL461 1587)



0028
Biosynthesi1s of nibolide from

2-14C (4R)4-3H1 melvalonic acid
lactone 1n the leaves of Azadirachta
indica

PYTCA Ekonmg D E U Ibywyemy S A
Dxford Eng Pergamon Press
Phytochemistry 1885 v 24 (10) p
2259-2261 iIncliudes 3 references (NAL
Call No  DNAL 450 P5622)

o02¢

Biosynthesis of nimbolide in Azadirachta
indica A Juss from (2-14C) (carbon
1sotope) mevalonate and (2-14C) acetate
Ekundayo 0 Stuttgart W Ger Gustav
Fischer Zeitschrift fur
Pflanzenphysiologie = International

journat! of plant physioliogy 1983 v
12 (2) p 139-146 111 Inciudes
references (NAL Call No 450 Z32)

0030

Chemical compesition and biological
evaluation of debitterized and defatted
neem (Azadirachta ndica) seed kernel
cake

JUASDF Udayasekhara Rao P Champzign
I The Society dJournal of the
American 011 Chemists Society Sept
1887 v 64 (9) p 1348-1351 Inciudes
references (NAL Cz11 No DNAL 307 8
JB2)

Q031

Chemistry and biological activity of
insect feeding deterrents from certain
weed and crop plants (Azadirachta

indica tung ©11 trees antifeedant
properties)
Jacobson M Reed D K Amsterdam

Neder landse Entomologische Vereniging
Entomoiogia experimentali s et applicata

1878 v 24 (3) p 24E-257 111 14
ref (NAL Call Ne 421 EN8S5)
0032

Chemistry of alkanes separated from
leaves of Azadirachta indica and their
larvicidal/insecticidal activity against
mosqu toes

Chavan S R Eschborn W Ger
Gesellschaft Schraiftenreirhe der
Gesellschaft fur Technische
Zusammenarbeit In the series analytic
Natural pestici1ges from the neem tree
and other tropical plants / compiled by

Dye

H Schmutterer and K R S Ascher
Proceedings of the 2na Internat Neem
Conference May 25 2B 1983
Rauiscnholzhausen Federal Republic of
Germany 1984 (161) p ©59-66 Includes
references (NAL Call No DNAL

HD1417 B8

0033

Chemoctherapeutic use of two indigenous
drugs in infection of Theirleria annulata
in cattle
JvMuD Sraivastava R V N Ray D ~Lal
J ~Bansal G C ~Supramanian G Lucknow
U P Veterinary Assocration The
indian veterinary medical journal
1887 v 11 (2) p 106 107
references (NAL Call No
SFE01 45)

June
Inciudes
DNAL

©w

0034

Chlorophyll catabolism in senescing
plant tissues in vivo breakdown
intermediates suggest different
degradative pathways for Citrus fruit
and parsiey leaves

PNASA Amir-Shapira D Goldschmidt
E E ~Altman A Washington D C The
Academy Proceedings of the National
Academy of Sciences of the United States
of America Apr 1887 v 84 (7) p
1901-1905 1Includes references (NAL
Call No DNAL 500 N21P)

0035

Comparative efficacy of neem and
groundnut oil-cakes with aldicard
sagainst Meloidogyne incognita in tomato
Bhattacharya D Goswam: B K Paris
Dffice de la recherche scienti1figque et

technigue outre-mer Revue de
nematologie 1887 v 10 (&) p
467-470 Includes references (NAL Call

No DNAL QL3921 N4R4)

0036

Comparative evaluation of karanjin and
extracts of karanja (Pongamia glabra
vent } and neem (Azadirachta indica L )
seeds for retardation of nitrification
of urea in soil

Sahrawat K L JINSA New Deliha The
Society Journal of the Indian Socirety
of So11 Scrence June 1882 v 30 (2)

p 156-159 11 ref (NAL Call No 56 9
IN2)

0037

Comparison of the azadirachtin content
of neem seeds from ecotypes of Asian and
African origin

Ermel K Peahlich E ~Schmutterer H
gschborn W Ger Die Gesellschaft
Schriftenreihe der Gesellschaft fur
Technische Zusammenarbeit In the series
analvtic Natural pesticides from the
neem tree and other tropical plants /
comprled by H Schmutterer and K R §

Ascher Proceed ngs of the 2nd Internat
Neem Conference May 25-28 1983
Rauischholzhausen Federa) Republic of
Germany 1984 (161) p 81-94 Inciudes
references (NAL Call No DNAL

HD1417 BB)

0038

Control of potate tuber moth Phthorimaea
operculiella (Zeller) 1n rustic potato
stores

TROSAC Raman K V Booth

R H ~Patacios M London Blackwell
Scientific Publications Tropical
science 1987 v 27 (3) p 175-194

{NAL Call No DNAL 26 T756)

003e

Crop experiments to i1ncrease the
efficency of urea fertilizer nitrogen by
the use of neem by-products under Indian
so11 conditions

Ketkar C M Eschborn W Ger
Gesellschaft Schriftenreihe der
Gesellschaft fur Technische
Zusammenarbest In the series analytic
Natural pesticides from the neem tree
and other tropica® plants / compiied by
H Schmutterer and K R § Ascher
P-~oceecings of the 2nd Internat

Die

Neem



Conference May 25-28B 1983
Rauischholzhausen Federal Republic of
Germany 1984 (161). p 507-518 {11
Includes references (NAL Call No DNAL
HD1417 B8)

0040
Custard apple oi1 nesm 0i1 and therr
mixtures effect on survival of
Nephotettix virescens ardd on rice tungro
virus transmission
Mariappan V Saxena R C Eschborn

¥ Ger Die Geselischaft
Schriftenreihe der Gesellschaft fur
Technische Zusammenarbeit 1In the series
analytic Natural pesticides from the
neem tree and other tropical plants /
compiled by H Schmutterer and K R S
Ascher Proceedings of the 2nd Internat
Neem Conference May 25 28 1983
Raurschholzhausen Federal Republic of
Germany 1884 (161) p 413-424
Includes references (NAL Call No DNaAL
HD1417 B8)

0041

Development of a standardized and
formuipted insecticide from a crude neem
kernel extract

ZPFSA Feuerhake K Schmutterer H
Stuttgart W Ger Eugen Ulimer
2e1tschrif1 fur Pflanzenkrankheiter und
Pflanzenschutz = Journal of plant
diseases and protectvon Dec 1985 v 82
(6) p 643-848 111 Includes
references (NAL Call No DNAL 464 8
23)

0042

Development of pest control agents from
plants A comprehensive working
strategy

Sharma R N Eschborn W Ger Die
Gesellschaft Schriftenreihe der
Geseilschaft fur Technische
Zusammenarbei1t Ir the series analytic
Natural pesticiges from the neem tree
and other tropical plants / compiied by
H Schmutterer and K R § Ascher
Proceedings of the 2nd Internat WNeem
Conference May 25-28 1983

Rau schholzhausen Federal Republic of
Germany 1984 (161) p B551-562 111
Includes ~eferences (NAL Call! No DNAL
HD1417 B8)

00453

Development structure and
histochemistry of gum cavities n
Pterocarpus marsupium Roxb and
Azadirachta indica Juss

FLRAB Seti1a R C Jena E Ger
Gustav Fischer Flora Morphologie
Geobotanik Oekophysiotogie 1984 v
175 (5) p 329-337 111 Includes
references (NAL Call No DNAL
OKB41 A1FB)

0044

Differenti1al responses of Erysiphe
polygony Comicdha te living and
non-1iving substrata (Garlic onion
ginger tumeric neem)

Singh U P Singh HB Berlin W
Ger Paul Parey Phvtopathoiogische
Zeitschrift = Journal of phytopatholoav
June 1887 v 107 12) p 14 45 13
Inc uges references (Na_ Cail Nt

464 B P562)

0045

Distribution of starch and lipids in
reaction wood of some angiosperm trees
(Azadirachta indica mangoes Polyalthia
longifolia)

Reghu C P Patel J D Copenhagen
Denmark Council for Nordic
Pubiications in Botany Nordic journa?l
of botany Aug 1984 v 4 (3) p
357-363 111 Includes references (NAL
Call No QK1 NB2)

004€

Disturbance of epidermal and fat body
tissue after feeding azadirachtin and
1ts consequence on larval moulting in
the Mexican bean beetle Epilachna
varivestis (Coleoptera Coccinellidae)
Schiuter U Stu*tgart W Ger E
Schweizerbart sche Verlagsbuchhandiung
Entomologie generalis 1985 v 10 (2)
p 97-110 111 Includes references
(NAL Call No DNAL QL4661 ES82)

0047

Dynamics of algal populations and

acetylene-reducing activity in five rice

so1ls inoculated with blue-green algae

BFSDEE Reddy P M Roger P A Berlin
Springer International Biology and

fertility of soi1ls Mar 1988 v 6 (1)

p 14-21 1Includes references (NAL Call

No DNAL QH84 8 B46)

0048
Ecdysone synthesis and release by the
brain-ring gland compliex of blowfly
larvae
JIPHA Kauser G Brandtner
H M ~Bidmon H J ~Koolman J Devon
Pergamon Press Journal of 1nsect
phvsiology Papers presented at the
VIIl Ecdysone Workshop on Ecdysone
From Biosynthesis to Mode of Action
March 30-April 2 1987 Marburg Federal
Reput1ic of Germany 1888 v 34 (7) p
563-569 Includes references (NAL Call
No DNAL 421 J825)

0049

Ecodevelopment of arid lands 1n India
with non-agricultural economic plants A
holistic approach

Khoshoo T N Subrahmanvam G V

London Allen & Unwin 1985 Plants for
arid lands proceedings Kew Internat!
Conference on Economic Plants for Arad
Lands Jodrell Laboratory Royal Botanic
Gardens Kew England 23-27 July 1984 /
editors G E Wickens J R p 243-265
111 Includes references (NAL Caill No
DNAL SB107 K48 1984)

0050

The effect of a crude methanolic neem
(Azadhrachta indica) seed kernel extract
on metamorphosis and quality of adults
of the Mediterranean fruant fly
Ceratitis capitata Wied (Diptera
Tephritidae)

Steffens R J ZANEA Schmutterer H
Hamburg W Ger Paul Parey

2e tschrift fur angewandte Entomologie
= Journal of applied entomoiogy Aug
1982 v 94 (1) p 98-103 Includes
references (NaL Call No 421 23€)

44



0051

Effect of a methanolic extract of neem
seed kernels on the metamorphosis of
Ephestia kuehniella

Maurer G Eschborn W Ger Die
Gese: Ischaft Schriftenreirhe der
Gesellschaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticides from the nheem tree
and other tropical plants / compiled by
H Schmutterer and K R § Ascher
Proceedings of the 2nd Internat Neem
Conference May 25-28 1883
Raurschholzhausen Federal Republic of
Germany 1884 (161) p 365-376
includes references {(NAL Call No DNAL
HD1417 BR)

0052

Effect of a neem seed kernel suspension
on Telenomus remus an egg parasite of
Spodoptera l1i1tura (Tobacco caterpiliar
biolegical control Azadirachta indica)
Joshy B G Ramaprasad

G ~Si1taramarah S Bet Dagan
Agricultural Research Organization
Phvioparasitica 1982 v 10 (1) p

61-62 :ncludes 5 ref (NAL Call No
SB599 PE3)
Q052

Effect of application of urea and
ammonium suphate blended with neem cake
and soi1l on the growth and yield of rice
(Oryza sativa L)
Upadhyay P N
The University

Patel A 5 Ahmedabad
Gujarat Agricultural
Jrniversity resea~Cch journal  Jan 1882
v 7 {2) p 118 120 Inciudes 2 ref
(NAL C211 No S539 14G8)

0054

Effect of azadirachtiin and ©f a neem
extract on feod utilization by
Crocicioiomia binotalis

Fagoonee 1 Eschoorn W Ger Dre
Gesellschaft Schriftenreshe der
Gesellschaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticides from the neem tree
and other tropical plants / compited by
h  Schmutterer and K R § Ascher
Proceed ngs of the 2nd Interna* Neem
Conference Mav 25-28 1983
Rauischnolzhausen Fedgeral Republic of
Germarv 1884 (161) p 211-224
Includes references (NAL Call No DNAL
HD1417 B8)

0055

Effect of azadirachtin orn development
Juvenite hormone and ecdysteroid titres
wn chilled Galleriza meliorella larvae
JIPHA Malczewska WM Gelman

D B ~Cymbecrowsk:s B Devon Pergamon
Press JouJdrnal of insec* physiology
Papers presented at the VIII Ecdysone
wWorkshor on Ecdyseone From Biosynthesis
to Mode of Action March 30-aApril 2
1887 Marburg Feceral Republic of
Germany 19B8 \ 34 (7) p 725-732
1117 Includes references (NAL Call No
DNAL 421 JB25)

0056

The effect of azadirachtin on larvae of
the European corn borer O0Ostrinia
nubilalis

ZPFSA Meisner J Melamed-Madjar

V ~Tam S ~Ascher K R § Stuttgart W
Ger Eugen Uimer Zetitschrift fur
Pflanzenkrankheiten und Pflanzenschutz =
Journal of plant diseases and
protection Dec 1986 v 93 (8) p
585-589 Includes references (NAL Call
No  DNAL 464 8 23)

0057

Effect of azadirachtin on the endocrine
events of Bombyx mori

JIPHA Koul © Amanay K ~0Ohtaky T
Devon Pergamon Press Journal of
insect physiology 1987 v 33 (2) p
102-108 1lncludes references (NAL Cal)
No DNAL 421 J825)

0058

Effect of azadirachtin on the moulting
cycle endocrine system and ovaries 1n
last-instar larvae of the mi lkweed bug
Oncopeltus fasciatus

JIPHA Dorn A Rademacher J M ~5ehn
E Devon Pergamon Press Journal of
insect physiology 1986 v 32 (3) p
231-238 111 Includes references (NAL
Call No DNAL 421 J825)

0059

Effect of different nematicides and neem
o1l cake 1n the control of Radopholus
simi1i1s 1n yellow leaf disease affected
arecanut palms

IJNEDT Sundararaju P Koshy P K

New Delha Nematoliogical Socirety of
India Indian journal of nematology

June 1886 v 16 (1) p 44-47 1Inciudes
references (NAL Call No DNAL

QL391 N415)

0060

Effect of larval treatment with
azadirachtin a molting ynhibitory
component of the neem tree on
reproductive capacity of the face fly
Musca autumnalis De Geer (Diptera
Muscidae)

EVETEX Gaaboub I a
College Park Wd Entomological
Societv of America Environmertal
entomology Dec 1884 v 13 (6) p

Hayes D K

1638-1643 Includes references (NAL
Caly No DNAL QL461 E532)
Q061

Effect of methanolic extracts from seeds
of single neem trees of African arnd
Asian origin on Epilachna varivestis
and Aedes aegypt1

Schmuttierer H Zebitz C P W

Eschborn w Ger Die Gesellschaft
Schriftenrei1he der Gesellschaft fur
Technische Zusammenarbeit In the series
analytic HNatural pesticides from the
neem tree and other tropical plants /
compi1ied by H Schmutterer and K R S
Ascher Proceedings of the 2nd Internat
Neem Conference May 25-28 1983

Rauischholzhausen Federal Republiic of
Germany 1984 (161) p B83-90 Includes
references (NA. Call No DNAL

HD 1417 B8}
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0062

Effect of methods of urea application
with farm yard manure and heem Cake on
wheat yield and nitrogen uptake

IJAGA Bhatia B K Kumar V ~Dahiya

S S New Dethm Indran Society of
Agronomy Indian journal of agronomy
June 1985 v 30 (2) p 150-153
Includes references (NAL Call No DNAL
22 IN235)

0063

Effect of mixtures of custard-apple oil
and neem o011 on survival of Nephotettix
virescens (Homoptera Cicadellidae) and
on rice tungre virus transmission
(Annona squamosa Azsdirachta indica)
Mariappan V Saxena R C College
Park Md Entomological Society of
america Journzl of economic entomology
Apr 1984 v 77 (2) p E19-521
Inciudes references (NAL Call No 421
Jg22)

0064

Effect of neem (Azadirachta 1ndica) cake
on the oviposition of the desert locust
(Schistocerca aregaria Forsk)

Singtr B Singh A P Ffaridabad The
Directorate of Plant Protection

Quarant ne & Storage Plant protection
bulletin 1988 v 40 (1) p 33-34
Includes references (NAL Call No DNAL
421 PEY)

0065

Effect of neem cake and neem o311 coated
urea on urease activity (Rumen)

Singhal! K K Mudgal V D New Delh
Indian Dasry Association The Indian
journal of dairy science June 1983 v
36 (2) p 220-221 Includes references
(NAL Call No 44 8 IN2g)

008€

Effect of neem kernel suspension on the
hatchlings of the desert locust
(Schistocerca gregaria Forsk )

Singn B Singh A P Faridabac The
Directorate of Plant Protection
Quarantine & Storage Plant protection
buliet'n 1988 v 40 (1) p 14-17
Incluces references (NAL Call No DNAL
421 P69)

0067

Effect of neem leaf (Azadirachia i1ndica
L ) on growth and yield of low land
rice

ZAPFA Santhi1 § R Palaniappan §
Berltin w Ger Paul Parey Journal of
agronomy and crop scirence = Zeirtschrift
fur Acker wund Pflanzenbau Aug 1986 v
187 (2) p 114~-117 Includes
references (NAL Call No DNAL 18
JB25)

0068

Effect of neem 011 on survival of
Nilaparvata lugens (Homoptera
Delphacidae) and on grassy stunt and
ragged stunt virus transmission

JEENAI Saxena R C Khan 2Z R
Coliege Park Md Entomological
Societv of America Journal of economic
entomcliogy June 1985 v 78 (3) p
647-62% 117  Incluges ~efe- wces (NAL
Cai1 NC DNA. «21 JB2Z

0063

Effect of neem on the oviposition
belhaviour of the fall armyworm
Spodoptera frugiperda Smith

ZANEA Hellpap C Mercado J C
Hamburg W Ger Paul Parey Journal
of applied entomoiogy = Zeitschrift fur
angewandte Entomologie Dec 1986 v 102
(3) p 463-467 Includes references
(NAL C271 No  DNAL 421 Z36)

0070

Effect of neem seed o011 on the blood
glucose concentration of normal and
alloxan chabetic rats

JETHDA Dixit V P Sinha R ~Tank R
wimerick Elsevier Scirentifac
Publishers dJournal of
ethno-pharmacology July 1986 v 17

(1) p ©5-98 Incirudes references (NAL
Call No DNAL RS1EC U8)

0071

Effect of nonedible seed oils on
survival of Nephotettix virescens
{Homoptera Cicadellidae) and on
transmission of rice tungre virus
JEENAT Mariappan V Jayaraj

S ~Saxena R £ Coliege Park Md
Entomological Society of America
Journal of economic entomology Dct
1988 v B1 (5) p 1362-1372 1Inctludes
references (NAL Call No DNAL 421
JB22)

In a greenhouse study nonedible o11s
extracted from seeds of karan)
Pongamia pinnata Fierre mahua

Madhuca longifolia Koen Macbr var

ta+ folsa Roxb Cheval and pinnas
Calopnviium inophy:lum L trees were
more effective than the o 1 of neem
Lzacirachta 1ndica A Juss 1n reducing
the survival of the rice green
ieghopper Nephote+*1ix virescens

(D start)} and 1ts Transmissior of the
rice tungrec viruses (RTV]) and as
effec* ve as o011 of custardg-apple
Annona sguamosa L Insect mortality was
100/ after 4 ¢ on rice plants spraved
with o11s gt S/ concentration 1n
contrast to 697 insect survival on
control plants RTV infection was 17-35/
in o1l-treated plants and 51Y 1n the
control

0072

Effect of organic amendment (of margosa
cake or sawdust supplemented with
nitrogen phosphorus and potassium
fertilizers; on phenolic content of soil
and (tomato) plant and response of
Meloidogyne javamica and its heost to
related compounds

Sitaramalan K
Plant and soal
671-679 111
P696)

Singh R S The Hague
Dec 1978 v 5O (3) p
15 ref (NAL Call No 450

0073

Effect of phosphate on decomposition of
different organic materials (Azadirachta
1ndica compost Saccharum spontaneum
Uttar Pradesh India)

Singr R D Joshy K C ~Dhar N R
Ca'cutta aAgricultural Society of

Tmcra Ingian agriculturist 1882 v 26
{3+ p 179-182 Tncludes references
(Nar €211 Nc 22 IN294)



0074

Effect of plant extracts on insect pests
of common beans

ZANEA Hongo H Karel A K Hamburg
w Ger Paul Parey Journal of applied
entomology = Zertschrift fur angewandte
Entomologie Sept 1986 v 102 (2) p
164- 168 Includes references (NAL Cali
No  DNAL 421 Z36)

0075

Effect of seed treatment with
azadirachtin on root-knot development
en and growth of some vegetables
TACUDC Shddigqur M A Alam M M
London Associration of Applied
Biologists Tests of agrochemicals and
cultivars apr 18988 (8) p 20-21
Inciudes references (NAL Call No DNAL
S587 T47)

0076

Effect of some crude and
azadirachtin-enriched neem (Azadirachta
indica) seed kernel extracts on larvae
of Aedes aegypt: (Insect growth
regulators)

Zeb *z C P W Amsterdam Neder landse
Entomologische Vereniging Entomoiogia
experimentalis et appiicata 1884 v 35
(1) p 11-16 111 Includes references
(NA_. Cal' No 421 ENB9S)

0077

Effect of some neem (Azadirachta indica)
and karany (Pongamia glabra) products on
utitization of urea nitrogen by upland
rice

vINSA Surve S P Daftardar S Y New
Delhs The Society dJournal of the
Ingian Society of Soi11 Scrence Mar

1885 v 33 (1) p 1B2-186 11
Inciuges references (NAL Call Nc DNAL
56 9 IN2)

0078

Effect of sunlight on azadirachtin
antifeeding potency (Degradation of an
insecticide produced from Azadirachta
indica experiments on Spodoptera
frugiperda)

Stokes J B Redfern R E New York
Marcel Dexker Journal of environmental
schrence and health Part A
Environmental science and engineering
1982 v 47 (1) p 57-65 Inciudes 13
ref (NAL Call No TD172 U8)

0079

The effect of the traditional
preservatives used in northern Tego and
of neem o1 for control of storage
pests

Zehrer W Eschborn W Ger Dhe
Gesellschaft Schriftenreihe der
Gesellschaft fur Technische
Zusamrenarbeit In the series anaiytic
Naturel pesticides from the neem tree
ano o~her tropical plants / compiled by
H Schmu*terer and K R $§ Ascher
Proceedings of the 2nd Internat Neem
Conference May 25 2B 1983
Rauischhclzhausen Federal Repubiic of
Germany 1984 (161) p 453-460
Includes references (NA_ Call No DNAL
HD1417 B8)

0080

Effect of ures and neem cake coated urea
on yield and concentration and quality
of sssential oil in Java citronella
(Cymbopogon winterianus Jowitt)

JASIAB Prakasa Rao E V S Singh

M ~Ganesha Rac R S ~Ramesh S
Cambridge Cambridge University Press
The Journal of agricultural science Apr
1985 v 104 (pt 2) p 477-479
Includes references (NAL Call No  DNAL
10 UB22)

0081

The effect of various extracts of neem
seed kernel on Lirjomyza trifolii
(Burgess) (Diptera Agromyzidae)

ZPFSA Mersner J Yathom S ~Tal

S ~Ascher K R S Stuttgart W Ger
Eugen Ulmer 2eitschrift fur
Pflanzenkrankheiten und Pflanzenschutz =
Journal of plant diseases and
protection Apr 1886 v 83 (2) p
146-152 1Includes references (NAL Call
No DNAL 464 8 23)

0082

Effectiveness and selectivity of
technical solvents for the extraction of
neem seed components with insecticidal
activity

Feuerhake K J Eschborm W Ger Die
Gesellschaft Schriftenreihe der
Geselischaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticides from the neem tree
and other tropical plants / compiled by
H Schmutterer and K R § Ascher
Proceedings of the 2nd Internat Neem
Conference May 25-28 1983
Rauischholzhausen Federal Republic of
Germany 1984 (161) p 103-114 111
Includes references (NAL Call No DNAL
HD1417 BB)

0083

Effects and applied potential of
anti-hormones 1n acridids

Pener M P Chichester E Horwood
c18B7 Evolutionary biology of
orthopteroid insects / editor Baccio M
Baccettl p 400-413 111 Includes
references (NAL Czll No DNAL

QL506 E9)

0084

Effects of 2 formulation of neem extract
on Si1x species of cockroaches
(Orthoptera Blaberidase Blattidae and
Blattellidae)

PHPRAZ Adler V E uebel E C Bet
Dagan Agricultural Research
Organization Phytoparasitica Mar 1985
v 13 (1} p 3-8 1Includes 8B
references (NAL Call No DNAL

SB5989 P53)

0085

Effects of a neem tree (Azadirachta
indica) extracts on diamond-back moth
(Pilutelila xylostellia L ) (Repellant and
antifeedant properties)

Tan M T Sudderuodin K I Kuala
Lumpur Malaysian Society of Applied
Biology Malaysian applied bioliogy dJune
1878 v 7 (1) p 1-29 1111 14 ref

(NaL C211 No  S295 M3)

i
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0086

Effects of aqueous neam sxtracts and
neem oi1 on the main pests of Cucurbita
pepo in Togo

Dreyer M Eschborn W Ger Die
Gesellischaft Schriftenreihe der
Gesellschaft fur Technische
Zusammenarbeit 1In the series analytic
Natural pesticides from the neem tree
and other tropiczl plants / compaled by
H Schmutterer and K R S Ascher
Proceedings of the 2nd Internat Neem
Conference May 25-28 1983
Rauirschholzhausen Federal Repubiic of
Germany, 1984 (161) p 435-443
Inciudes references (NAL Call No  DNAL
HD1417 BB)

0087

Effects of azadirachtin on ecdysis of
Rhodnius prolixus

JIPHA Souza Garcya E de Rembold
H Oxford Pergamon Press Journal of
1nsect physioiogy 1984 v 30 (12) p
939-941 1Includes references (NAL Call
No DNAL 421 uUB25)

0088

Effects of azadirachtin on i1nsect
cytochrome P-45C dependent ecdysone
20-monooxygenase activity

BBRC Smith S L Mitchell M J
Duluth Minn Academic Press
Brochemical and biophysical research
communications July 28 1988 v 154
(2) p 5%9-563 Includes references
(NAL Ca11 No DNAL 442 B B5236)

0088

Effects of azadirachtin on ocgenesis in
Aedes aegypt1

PENTD Ludium C T Sieper K P
Oxford Blackwell Scientifac
Publications Phvsiological entomology
June 1988 v 13 (2) p 177 1B4
Inciudes references (NAL Cail No DNAL
QL461 P5)

0080

Effects of azachrachtin on reproduction
and egg development of the heteropteran
Oncopeltus fasciatus Dallas

ZANEA Dorn A HMamburg W Ger Pau
Parey dJournal of appliecd entomology =
Zertschrift fur angewandte Entomoliogie
Oct 1986 v 102 (3) p 313-319
Includes references (NAL Call No DNAL
421 236,

0091

The effects of Azadirachtin on the

endocrine controt of moulting in Locusta

migratoria

Sieber K P JIPHA Rembold H Oxforog
Pergamon Press Journal of insect

physiology 1983 v 298 (6) p 523 527

Includes references (NAL Cali No 421

JB25)

0092
Effects of azadirachtin on the nutrition
and deveiopment of the tobacco budworm
Heliothis virescens (Fabr ) (Noctuidae)
JIPHA Barnby M A Klocke J A Devon
Pergamon Press Journal of i1nsect
physiotlogy 1987 v 33 (2) p 68 75
Inc:udes references (NAL Ca No DNAL
42+ JB25)

0083
Effects of neem (Azadirachta indica)
sead kernel extracts from different
solvents on the carmine spider mite
Tetranychus cinnabarinus (Insect
antifesding and growth regulating
properties)
Mansour F A Ascher K R S§ Bet Dagan
Agricultural Research Organization
Phytoparasitica 1983 v 11 (3/4) p
177-185 {11 Includes references (NAL
Caltl No S859¢ P53)

0094
Effects of neem (Azadirachta indica)
seed kernel extracts from different
solvents on the carmine spider mite
Tetranychus cinnabarinus
Mansour F A Ascher K R § Eschborn
w Ger Die Gesellschaft
Schriftenreishe der Gesellschaft fur
Technische Zusammenarpbeit In the series
analytic Natural pesticides from the
neem tree and other tropical plants /
compiled by H Schmutterer and K R §
Ascher Proceedings of the 2nd Internat
Neem Conference May 25-28 19B3
Rautschholzhausen Federal Republic of
Germany 1984 (161) p 461-46%
Includes references (NAL Cali No DNAL
HD1417 BS8) -

0095

Effects of neem (Azadirachta indica)
seed kernel extracts from different
sclvents on the predacious mite
Phyteoseiulus persimilis and the
phytophagous mite Tetranychus
crnnabarinus

PHPRA2 Mansour F Ascher

K R § ~Omar: N Bet Dagan
Agriculturatl Research Organization
Pnytoparasitica 1987 v 15 (2) p
125-130 Includes references (NAL Call
No  DNA. SE599 P53)

0026

Effects of neem cake blended urez on
rice yreld (Method of fertilizing to
prevent nitrogen lors)

Jadhav B B JMAUD Patil

v H ~Kadrekar $ B Pune D R Bapat
dJournal of Maharashtra agricultural
universities May 1983 v 8 (2) p
124-125 Includes references (NAL Call
Noe 5471 I3uU6)

0097

Effects of neem derivatives on growth

and fecundity of the rice pest

Nephotettix virescens

(Homoptera Cicade!!lidae)

ZPFSA Heyde J von der Saxena

R C ~Schmutterer #H Stuttgart W Ger
Eugen Uimer Ze tschrift fur

Pflanzenkrankheiten und Pflanzenschutz =

Journal of plant diseases and

protection Aug 1885 v 82 (4) p

346-354 111 Includes references (NAL

Call No DNAL 464 8 Z3)

0098

Effects of neem extracts on some irnsect
pests of economic importance in
Thailand

Sombatsiri K Tigvattanont S
Escnborn W Ger Di1e Geselischaft
Schr ftenreine der Gesellscha®t fur

i



Technische Zusammenarbeit In the series
analytic Natural pesticides from the
neem tree and other tropical plants /
compiled by H Schmutterer and K R S
Ascher Proceedings of the 2nd Internat
Neem Conference May 25-28 1983
Rauischholzhausen Federal Republiic of
Germany 1984 (161) p 95-100

Includes references (NAL Call No  DNAL
HD1417 BB)

0098

Effects of neem kernel extracts on the
#2111 armyworm Spodoptera frugiperda
Hellpap C Eschborn W Ger Dhe
Geselischaft Schriftenreihe der
Geselischaft fur Technische
Zusammenarbei1t In the series analytaic
Natural pesticides from the neem tree
and other tropical) plants / compiled by
H Schmutterer and K R 5 Ascher
Proceedings of the 2nd lnternat Neem
Conference May 25-28 1883
Rauischholzhausen Federal Republic of
Germany 1984 (161) p 353-364
Inciudes references (NAL Call No DNAL
HD1417 B8)

0100

Effects of neem seed extract on the
post-embryonic development of the
tobacco hornworm Manduca sexta
Haasler C Eschborn W Ger Dre
Gesellischaft Schriftenreihe der
Gesellschaft fur Technische
Zusammenarbe1t In the series analytic
Natural pesticioes from the neem tree
and other tropical plants / compiled by
H Schmutterer and K R S Ascher
Proceedings of the 2nd Internat Neem
Conference Mav 25-28 1983
Rauschholzhausen Federal Repuplic of
Germany 1984 (161) p 321-330 1111
Inciudes references {(NAL Cel' No DNAL
HD1417 BB)

010

Effects of neem seed powder and o1l on
Tribolium confusum and Sitophitus
Zeamais

Akou-Edr [ Eschborn W Ger Die
Gesellschaft Schriftenreihe der
Gesellschaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticirdes from the neem tree
and other tropical plants / compiled by
H Schmutterer ana K R § Ascher
Proceedings of the 2nd Internat Neem
Conference May 25-28 19B3
Raurschholzhausen Federal Repuklic of
Germany 1984 (161) p 445-451
Includes references (NAL Call No DNAL
HD141~ B8)

0102

The effects of steroids and azadirachtin
on the salivary gland and ovary in
ixodid ticks

JIPHA Kaufman W R Devon Pergamon
Press Journal of insect physiology
Papers presented at the VIII Ecdysone
workshor on Ecdysone From Biosynthes:s
to Mopoe of Action Marcr 30-April 2
198" Marburg Fegeral Republic of
Germany 19B8 v 34 (7) p v721-723
Includes references (NAL Ca'l No DNAL
42 JB2E)

0103

Effects of three different neem seed
kernel extractc and azadirachtin on
larvae of different wmosquito species
ZANEA 2Zebytz C P W Hamburg W Ger
Paul Parey Journal of applied
entomology = Zeitschrift fur angewandte
Entomologie Dec 1886 v 102 (5) p
455-463 Includes references (NAL Call
No  DNAL 421 236)

0104

Effects of two triterpencids from neem
on feeding by cucumber beetles
(Coleoptera Chrysomelidae) (Acalymma
vittatum Diabrotica undecimpunctata
howargi Azadirachta indica)

Reed D K JEENA Warthen J D ~Uebel
EC ~Reed G L College Park
Entomoiogical Society of America
Journal of economic entomology Dec
1882 v 75 (6) p 1108-1113 10 ref
(NAL Call No 421 us22)

0105

Effects of variously formulated neem
seed extracts on Acypthosiphon pisum and
Aphis fabae

Schauer M Eschborn W Ger Die
Gesellschaft Schriftenreihe der
Gesellschaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticides from the neem tree
and other tropical plants / compiied by
H Schmutterer and K R § Ascher
Proceedings of the 2nd Irternat Neem
Conference WMay 25-28 1983
Rauischholzhausen Federal Republic of
Germany 1884 (161) p 141-150 111
Inciudes references (NAL Call No DNAL
HD 1417 BB)

0106

Effects of volatile and non-volatile
fractions of two medicinal plants on
germination of Macrephomina phaseoiina
sclerotia

BMSTA Dwiveds R S Dubey R C
Cambridge Eng Cambridge University
Press Transactions of the British
Mycological Society Sept 1986 v B7
(pt 2) p 326-328 Includes references
{NAL Ca1' No  DNAL 451 E76)

0107

The efficacy of azadirachtin on putative
ecdysterocid-sensi1tive systems in the
ixodid tick Ambliyommza americanum L

JIPHA Lindsay P J Kaufman W R
Devon Pergamon Press Journal of
insec* physiologvy 1988 v 34 (€) p
439-442 1ncludes references (NAL Call
No  DNAL 421 J825)

0108

Efficacy of diflubenzurcn and neem seed
kernel suspension against the tobacco
caterpilliar Spodoptera litura in
tobacce nurseries

PHPRA2 Sitaramarah S Ramaprasad

G ~Joshy B G Bet Dagan Agricultural
Research Organization Phytoparasitica
1986 v 14 (4) p 265-271 111
Includes references (NAL Call No DNAL
SB5€9 P53)



0108

Efficacy of Melia azedarsch, Linn
(Bakain) and morantel against naturally
scquired gastroiptestinal nematodes in
goats

Akhtar M S Riffat S Faisalabad
Faculty of Veterinary Science
University of Agriculture Pakistan
veterinary journal July 1984 v 4 (3)
p 176-179 Includes references (NAL
Call No DNAL SF604 P32)

0110

Efficscy of ‘neem’ cake on fodder

production photosynthetic pigments and

nematodes associated with oats and its

residual effect on cowpea

IJUNEDT wain R K Hasan N New Delm
Nematological Society of India Irdien

Journal of nematology dJune 1886 v 1€

(1) p 95-100 Includes references

(NAL Call No DNAL QL391 N415)

01114

Efficacy of nitrification tnhibiting
agents used for augmenting cotton yield
in the Vertisol of Madhya Pradesh
MAAJA dJain 5 C Coymbatore R
Jayarajan The Madras agricultural
journal! Feb 1984 v 71 (2) p B9-92
Includes 9 references (NAL Call No
DNAL 22 M262)

0112

Efficacy of scil amendments in control
of root-knot nematodes 1n tobacco
nursery

Gowda D N Shivanandappa

N ~Karegowda € Bangaiore Indian
Society of So11 Birology and Ecology
Dept of Entomoliogy Univ of Agric Sca
Journal of so1l biology & ecology Sept

1885 v 5 (2) p 131-133 Includes
references (NAL Call No DNAL

QL 10 uB2)

0113

Efficirency of utilisatron of digestible
and metabolisable energy for milk
production with neem cake (Murrah
buffaloes)

Mattra D N I1JDSA Roy § =~Duttagupta
R New Delhs Ingran Darry Association
The Ingdiran journal of dairy science

Sept *882 v 3% (3) p 368 372
Includes references (NAL Call No 44 B
IN28)

0114

Electronically recorded disturbances in
feeding behavior of Nephotettix
virescent (Homoptera Cicadellidae) on
neem or1-treated rice plants

JEENAI Saxena R C Khan 2Z R
College Park Mg En+omoiogical
Socret of Americe Journal of economic

entomology Feb 1985 v 78 (1) p

222 226 111 Includes references (NAL
Call No DNAL 421 J822)

0115

Endocrine manipulations juven:le
hormone and ontogenesis of male sexual
behaviour in locusts
ISBCA Pener M P
Eng Pergamon Press Insect
biocheristry Paper presentec a* the
Fourth Internationa Symposium on

Shalom U Oxford

4~

Juvenile Hormones Physiology
Biochemistry and Chemistry (JH IV) °
September 7-11 1986
Niagara-on-the-Lake Ontario Canada
1887 v 17 (7) p 1109-1113 Includes
refarences (NAL Call No DNAL

QL4955 A1157)

0116

The establishment of a new program in
the Philippines for crop and harvest
protection

Batuyut A S Eschborn W Ger Die
Gesellschaft Schriftenreihe der
Geselischaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticrdes from the neem tree
and other tropicel plants / compiled by
H Schmutterer ancd K R § Ascher
Proceedings of the 2nd Internat
Conference May 25 28 1983
Rauischholzhausen Federal Republic of
Germany 1984 (161) p 527-530 (NAL
Call No DNAL HD1447 B8)

Neem

0117

The establishment of neem piantations in
the American tropics

Piiske T E Eschborn W Ger Dre
Gesellischaft Schriftenreihe der
Gesellschaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticides from the neem tree
and other tropical plants / compiied by
H Schmutterer and K R § Ascher
Proceedings of the 2nd Internat
Conference May 25 28 1983
Rauischholzhausen Federal Republic of
Germany 1984 (161) p B521-52%
Includes references (NAL Call No
HD 1417 BS8)

Neem

DNAL

0118

Evaluation and utilization of neem cake
against the brown planthopper
Ni1laparvata lugens

Saxena R C Juste H D Jr ~Epino

P B Eschborr W Ger Dhe
Geselischaft Schriftenreshe der
Geselischaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticides from the neem tree
and other tropical plants / compiled by
H Schmutterer and K R § Ascher
Proceedings of the 2nd Internat
Conference May 25-28 1883
Rauischholzhausen Federal Republic of
Germany 1984 (161) p 391-402
Includes references (NAL Call No
HD1417 B8)

Neem

DNAL

01189

Evaluation and utilization of neem cake
against the rice brown planthopper
Nilaparvata lugens (Homoptera
Delphacidae) (Azadirachta indica)
Saxena R C Justo H D Jr ~Epino

P B College Park Md Ertomological
Society of America Journal of economic

entomology Apr 1984 v 77 (2) p
502-507 111 Includes references (NAL
Ca’l No 421 Jg22)



0120

Evaluation of agueous solution of neam
seed extract against Lirfomyza sativae
and Liriomyza trifolii (Diptera
Agromyzidae) (Azadirachta indica)

webb R E JEENA Hinebaugh

M A ~Lindguist R K ~Jacobson M
College Park gEntomoliogical Society of
America Journal of economic entomology
Apr 1983 v 76 (2) p 357-362
Includes references (NAL Call No 421
JB22)

0121

Evaluation of certa'n o11seed cake
powders as grain protectant against
Sitophilus oryzse Linnaeus

IJENA Bowry S K Pandey

N D ~Tripatht R A New Delhs
Entomoliogical Socrety of India Indian
journa® of entomology dJune 1984 v 46
{(pt 2) p 196-200 Includes
references (NAL Call No DNAL 420
IN23}

0122

Evaluation of root bark of Azadirachta
indica (Meliaceae)

JPMODEE Sanyal M Mukherjiand

A ~Dattz P C vodhpur Screnti1¥rC
Publishers Journal of plant anatomy and
marphology July 1886 v 3 (1) p

13 18 111  Includes references (NAL
Call No DNAL QK641 J68B2)

0123

Evaluation of the i1nsecticidal
properties of the common Indian neem
AZzadirachtz indica A Juss seeds
against the Egyptian cotton leafworm
Spodoptera li1ttoralis (Boisd )
E1-Saved E I Cairo The Society
Bulletn of the Entomolnoical Society of
Egvpt Economic series 1882/1983 (pub
1985) ( 3} p 39-4" Inciudes
references (NAL Ca'l No DNAL

SB931 A1ES)

0124

Extractives of seeds of the Meliaceae
effects on Spodoptera frugiperda (J E
Smith) Acalymma vittatum (F ) and
Artemia salina Leach

JCECD Mikolajczak K L Reed D K
New York N Y Plenum Press Journal
of chemical ecology dJan 1987 v 13
(1) p 98-111 Includes references
(NA. Call No DNAL QD415 A1J6)

0125

Extracts of neem (Azadirachta i1ndica)
seed kernels do not inhibit
spermatogenesis in the rat

Krause W Agamr M Eschborn W

Ger Die Gesellschaft Schriftenreirhe
der Gesellschaft fur Technische
Zusammenarbei1t In the series analytic
Natural pesticirdes from the neem tree
and other tropical plants / compilea by
H Schmutterer and K R § Ascher
Proceedings of the 2nd Internat Neem
Conference May 25-28 1983
Rauyschholzhausen Federal Republic of
Germany 1984 (161) p 483 489
Includes references (NAL Call No DNAL
HD1417 BE)

0126

Feeding inhibition and mortality effects
of nesm-seed extract on the Colorado
potato beetle (Colsoptera

Chrysome) icae)

JEENAI Zehnder & warthen J D
Coliege Park Md Entomologicat
Society of America Journal of economic
entomology Aug 1888 v 81 (4) p
1040- 1044 Includes references (NAL
Call No DNAL 421 J822)

0127

Fesding value of nesm seed meal for
starter chicks

Sadagopan V R Johri T S ~Reddy

V R ~Panda B K Madras India Indian
Veterinary Association Indian
veterinary journal June 18982 v 58
{(6) p 4€2-465 & ref (NAL Call! No
41 8 1IN2)

0128

Field evaluation of neem (Azadirachta
indica A Juss) seed kernel extracts
against the pod borers of pigeon pea
Cajanus cajan (L ) Milisp

IJENA Saingh R P Singh Y ~Singh
S P New Delh Entomological Society
of India Indian journal of entomology
Mar 1985 v 47 (pt 1) p 111-112
Includes references (NAL Call No DNAL
420 IN23)

0128

Fungal flora of neem (Azadirachta
ingdica) seeds and neem o011 toxicity
(Aspergi11lus aflatoxin)

Sinniah D varghese G ~Baskaran

G ~Koo S5 H Kuala Lumpur Malaysian
Society of Applied Biology Malaysian
applied biology June 1983 v 12 (1)
g 1-4 Includes references (NAL Call
No $288 M3)

0130

Further constituent from the seeds of
Melia azedarach

PLMEAA Srivastava S5 D Stuttgart W
Ger Georg Thieme Verliag Planta
meaica = journal of medicinal plant
research Feb 1987 v 53 (1) p

100 101 Includes references (NAL Call
No DNAL 450 P687)

0131

Germination of storage of neem
(Azadirachta indica A Juss) seed

SSTCB Ezumah B § Zurich

International Seed Testing Association
Seed science and technology 1886 v 14
(3} p 583-600 maps Includes
references (NAL Call No DNAL

SB117 $455)

©132
Germination tests with neem seeds
Fagoonee I Eschborn W Ger Die

Gesellischaft Schriftenreihe der
Gesellschaft fur Technische
Zusammenarbei1t In the series analytic
Natural pesticides from the neem tree
and other tropical plants / compiied by
H Schmutterer and K R § Ascher
Proceedings of the 2nd Internat Neem
Conference May 25-28 1983
RaLi1schholznausen Federal Republic of
Gerrany gBa (1861) p 521-£E38 1



Inciudes references
HD1417 B8)

(NAL Cal11 No DNAL

0133

Growth-disrupting effects of
azadirachtin on the larvae of the
Asiatic corn borer (Ostrinia furnacalis
Guenee) (Lepid Pyralidae)}

ZANEA Chiu S Zhang X ~L1iu

S ~Huang D Hamburg W Ger Paul
Parey 2ertschraift fur angewandte
Entomologie = Journal of applied

entomology Apr 1985 v 99 (3) p
276-284 111 Includes references (NAL
Call No  DNAL 421 Z36)

0134

Growth of Azadirachta indica and Melia
azedarach at coastal sand using highly
saline water for irrigation

PJBOBE Ahmad R Khan D ~Ismail S
Karachi Pakistan Botanical Society
Pakistan journal of botany Dec 1985 v
17 (2} p 229-233 Includes references
(NAL Call No DNAL QK1 P3)

0135

The gum exudates from Chloreoxylon
swietenia Sclerocarya caffra
Azadirachta i1ndica and Moringa oleifera

PYTCA Anderson D M W Bell

P C ~G111 M C L ~McDougal F J ~McNab
C G A Oxford Eng Pergamon Press
Phytochemistry 1986 v 25 (1) p
247-249 1Includes 20 references (NAL
Call No  DNAL 450 P5622)

0136

Histochemistry of paraguat treated wood

1n Azadirachta indica A Juss
{Heartwood formation)
Nair M NB Shah J J Lerden

Internationa’
Anatomists

Association of Wood
IAWA bulletin new series

1883 v 4 {4) p 248 25¢ 11
Includes references (NAL Call No
QK647 12)

0137

Identification of 24-methylenelopheno]
from heartwood of Azadirachta indica

PYTCA Banerj): R Misra G ~Nigam
S K Oxford Pergamon Press
Phytochem stry 1987 v 26 (&) p
2644 2645 Includes references (NAL
Ca'l No DNAL 450 P5622)

0138

Increasing biological nitrogen fixation
in flooded rice using neem

Grant 1 F Seegers R ~Wa+anabe 1
Eschborn W Ger Di1e Gesellschaft
Schriftenrethe der Gesellschaft fur
Technische Zusammenarbeit In the series
anaiytic Natural pesticides from the
neem tree and other tropical plants /
compiled by H Schmutterer and K R §
Ascher Proceedings of the 2nd Internat

Neem Conference May 25 2B 1883
Rauischholzhausen Federal Republic of
Germany 1984 (161) p 493-505
Includes refererces (NAL Call WNo DNAL
HD1417 BB)

ty

013¢

Inducing melanotic noduies within the
fat body of the iast instar larvae of
Epilachna varivestys (Coleoptera) by
azadirachtin

JIVPA Schiuter U Seifert G
Duluth Minn Academic Press dJournal
of invertebrate pathology dJan 1988 v

51 (1) p 1-9 i11 1Includes
references (NAL Call No DNAL 421
JB26)

0140

Influence of a neem (Azadirschta indica)
windbreak plantat:on on millet yieids
and microclimate in Niger West Africa
Long S Persaud N ~Gandah

M ~Quattara M Bozeman Mont Montana
State University Cooperative Extension

Service Great Plains Agriculture 1 e
Agricultural Council publication Paper
presented at the International
Symposi1um on Windbreak Technology June
23-27 1986 Lincoln Nebraska 1986
(117) p 183-184 (NAL Call No DNAL
527 AZ)

0141

Influence of agricultural chemicals and
neem cake on root nodutation and yreld
of gram (Beans)

Shingte V V Shinde P B ~Patil P I
Pune D R Bapat dJournal of
Maharashtra agricuitural universities
May 19B4 v 9 (2) p 225 Includes 7
references (NAL Call No $471 13U6)

0142

Infiuence of azadirachtin on insect
nutrition and reproduction

PTSBA Karnavar G K Bangalore The
Academy Proceedings Animal sciences -
Indian Academy of Sciences May 1887 v
9€ {(2) p 341-347 Includes references
(NAL Call No DNAL OL1 148)

0143

The 1nfluence of azadijrachtin on the
growth and development of immature forms
of the Japanese beetie Popiilia
Japonica

Ladd T L Jr Eschborn W Ger
Gesellschaft Schriftenreihe der
Gesellschaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticides from the neem tree
and other tropical plants / compiled by
H  Schmutterer and K R § Ascher

Die

Proceedings of the 2nd Internat Neem
Conference May 25 28 1983
Rauischholzhausen Federal Republic of
Germany 1884 (161) p 425-433
Includes references (NAL Call No DNAL
HD1417 BB)

0144

Influence of host plant on deterrence by
azadirachtin of feeding by fall armyworm
larvae (Lepidoptera Noctuidae)

JEENAI Raffa K F College Park Mg
Entomological Socirety of America

Journal of economic entomology Apr
1887 v BO (2) p 384 387 Includes
references (NAL Call No DNAL 421
Jg22)



0145

Influence of nesm cake on the growth of
Azolla pinnata

MAAJA Kannaiyan S Thangaraju

M ~Oblisamy G Coimbatore R
Jayarajan The Madras agricultural
journal Jan 1984 v 71 (1) p 66-867
Includes & references (NAL Call No
DNAL 22 M262)

01486

Influsnce of neem leaf on nitrification
in a lowlangd rice soil

PLSOAZ Santhi S R Palaniappan

S P ~Purushotham D Dordrecht

Martinus Nijhoff #Plant and scil 1986

v 83 (1) p 1133-135 1Includes 12
references (NAL Ca211 No DNAL 450
P696)

0147

Influence of nitrogenous fertilizers
with and without neem cake blending on
the yield of finger millet (Eleucine
coracana Gaertn )

Subbiah § Ramanathan K M ~Francis
J J ~Sureshkumar R ~Kothandaraman G V
New Delhi 1India The Society dJournal
of the Indian Society of Soi1 Science
Mar 1882 v 30 (1) p 37-43 12 ref
(NAL Call No 56 9 IN2)

0148

Influence of wood-harvesting on wind
protection between rows of a neem
(Azadirachta indica) plantation in
Niger West Africa

Persaud N Long $§ ~Gandah

M ~Quattara M Bozeman Mont Montana
State University Cooperative Extension
Service Great Plains Agriculture 1 e

Agraicultural Council publication Paper
presented at the International
Symposium on Windbreak Technology June

23-27 1986 Lincoln Nebraska 1986
(147) p 211-212 {(NAL Call No DNAL
527 A3)

0149

Inhibition of growth and cdevelopment of
the tobacco caterpilliar Spodeptera
litura Fabr due to azadirachtin and
other neem products

IJENA Gujar G T Mehrotra K N New
Deth:» Entomological Socirety of India
Inghran journal of entomology Dec 1883

v 45 (pt 4) p 431-435 Includes
references (NAL Call No DNAL 420
IN23)

0150

Insect antifeedant activity of four
prieurianin-type limonoids

JNPRDF Lidert 2 Taylor

D A H ~Thirugnanam M Cincinnati DOhio
American Sochety of Pharmacognosy

Journal of natural products Sept/0Oc-

1985 v 48 (5) p 843-845 Includes 17

references (NAL Call No DNAL 442 B

L77)

0151

Insect antifeedants and growth
inhibiters from Azadirachta 1ndica and
Plumbago zeylanica

Sharma H C Leuschner K ~Sankaram
A V B ~Gunasekhar D ~Marthandamurthi
M ~Bhaska~i1ah K ~Subramanyam

(8]

M ~Sultana N Eschborn W Ger Die
Gesellschaft Schriftenreihe der
Gesellschaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticides from the neem tree
and other tropical plants / compiled by
H Schmutterer and K R § Ascher
Proceedings of the 2nd Internat
Confersnce May 25-28 1883
Rauischholzhausen Federal Republic of
Germany 1984 (161) p 291-320 111
Inciudes references (NAL Call No DNAL
HD1417 B88)

Neen

0152
Insect growth-regulating (IGR) effects
of nesm products on Spodoptera

littoralis
Meisner J Ascher K R § Eschborn
W Ger Die Gesellischaft

Schriftenrethe der Gesellschaft fur
Technische Zusammenarbeit In the series
analvtic Natural pesticides from the
neem tree and other tropical plants /
compiied by H Schmutterer and K R S
Ascher Proceedings of the 2nd Internat
Neem Conference May 25-28B 1883
Rauischholzhausen Federal Republic of

Germany 1984 (161) p 345-352
Incliudes references (NAL Call No DNAL
HD1417 B8)

0153

Insect growth regulatory activity of
some indigenous plant extracts

Deshmukh P B Renapurkar D M

Oxford Eng Pergamon Press Insect

science and 1ts application 1987 v B
(1) p B81-83 Includes references (NAL
Call No  DNAL QL4861 I57)

0154

Investigating the feasibility of using
botanical materials for pest control
under traditional farming systems A
suggested approach

Ahmed S Grainge M ~Hylin
J W ~Mitchell W C ~Litsinger J A
Eschborn W Ger Die Gesellschaft

Schriftenreihe der Gesellischaft fur
Technische Zusammenarbeit In the series
analytic Natural pesticides from the
neem tree and other tropical plants /
compiled by H Schmutterer and K R S
Ascher Proceedings of the 2nd Internat
Neem Conference May 25-28 1983

Rauirschholzhausen Federal Repubiic of
Germany 1984 (161) p 545-550 (NAL
Call No DNAL HD1417 B8)

0155

Isolation and purification of
azadirachtin from neem (Azadirachta
indica) seeds using flash chromatography
and high-performance liguid
chromatography

JUOCRAM VYamasak: R B Kilocke

JA ~Lee S M ~-Stone G A ~Darlington

M V Amsterdam Elsevier Scirence
Publishers dJournal of chromatography
Mar 28 1986 v 356 (1) p 220-226
Includes references (NAL Call No
475 uJe24)

DNAL



0156

Isolation and purification of salanmnin

from neem seeds and its guantification

in neem and chinaberry sesds and lsaves

JOCRAM Yamasaki R B Ritland

T G ~Barnby M A ~Klotke J A Amsterdam
Elsevier Science Publishers dJournal

of chromatography Aug § 1888 v 447

(1) p 277-283 Includes references

(NAL Call No DNAL 475 JB24)

0157

Isolation of a tetranortriterpencid from

Azadirachta indica

PYTCA Siddigur § Siddiqu

B $§ ~Faizy S ~Mahmood T Oxford Eng
Pergamon Press Phytochemistry 1984

v 23 (12) p 2899-2801 111 Includes

13 references (NAL Call No DNAL 450

P5622)

0158

Isolation of a triterpenoid from
Azadirachta indica

PYTCA Siddigus S Mathmood

T ~S10diquy B 5 ~Faizi S5 Oxford
Pergamon Press Phytochemistry 1986 v
25 (8) p 2183-2185 Includes
references (NAL Call No DNAL 450
P5622)

0159
An iscprenylated flavanone from leaves
of Azadirachta indica

Garg H S Bhakuny D S Oxford Eng

Pergamon Press Phytochemistry 1984
v 23 (8) p 2115-2118 111 Includes
references (NAL Call No 450 P5622)
0160
Japanese beetle (Coleoptera
Scarabacidae) the effects of

azadirachtin on the growth and
development of the immature forms
(Popi11lia japonica economic plants)
Lagd T L Jr warthen J D
Jr ~Kilein M G Coliege Park
Entomologica)

Mo
Society of Ameraica
Journal of economic entomology
1984 v 77 (4) p 903-905
references (NAL Call No

Aug
Includes 17
421 UB22)

0161

Juvenilizing effect of azadirachtin on a
noctuid moth Spodoptera 1itura Fabr
(Incha)

Gujar G T IJEBA Mehrotra K N New
Delhs Pubiications & Information
Directorate Indian journal of

experimental biology May 1983 v 21
(5} p 282-293 111 Includes
references (NAL Calil No 442 8 IN2)
0162

Laboratory evaluation of neem-seed
extract against larvae of the cabbage
looper and beet armyworm (Lepidoptera
Noctuidae)

JEENAI Prabhaker N
D L ~Kishaba A N ~Meyerdirk D E
College Park Md Entomo ogicail
Society of America Journal of economic
entomology Feb 1986 v 79 (1) p
39-41 Includes references (NAL Call
No DNAL 421 JBg22)

Coudriet

14

0163

Laboratory studies on several plant
materials as insect repellants for
protection of cereal grains (Turmeric
Curcuma longa neem AZadirachta indica
fenugreek Trigonella foenum-graceum
Tribolium castaneum Trogoderma
granarium Rhyzopertha dominica)
Jilani G Su HCF College Park
md Entomological Society of America
Journal of economic entomology Feb
1983 v 76 (1) p 154-157 1Includes
references (NAL Call No 421 JB22)

0164

Limited occurrence of foliar- root-

and seed-applied neem seed extract toxin
in untreated plant parts

JEENAI Larew H G College Park mMmd
Entomological Socrety of America
Journal of economic entomologv Apr
1988 v 81 (2) p 593-598 Includes
references (NAL Call No DNAL 421
J822)

0165

Limonoids from the seeds of Melia
azedarach

JNPRDF Srivastava S D Cincinnata
Dhio

American Society of Pharmacognosy
and the Lloyd Library and Museum

Journal of natural products Jan/Feb
1986 v 4¢ (1) p B56-61 Includes
references (NAL Calil No DNAL 442 8
L77)

0166

Liriomyza trrifolii (Burgess) (Diptera
Agromyzidae) coentrol on chrysanthemum by
neem seed extract spplied to so1 1

JEENAI Larew H &G Knodel-Montz

J J ~Webb R E ~warthen J D College
Park Mg Entomoiogical Society of
america Journal of economic entomology
Feb "985 v 78 (1) p 80-84 Inciudes
references (NAL Call No DNAL 421
JB22)

o167

Macroscopic microscopic and preliminary
phytochemical studies on the bark of
Melia azedarach

Sanyal M INDRB Datta P C Bombay
A Patani Indran drugs Dec 1882 v 20
(3) p B85-80 (NAL Call No RM1 15)

Melia azedarach (bark of Indian
deciduous tree used for anthelmintic
antimalarial and other medicinal
purposes) macroscopic microscopic and
phytochemical study differentiation
from tree bark sometimes used as
substitute

Q168
The margosa tree (Azadirachta indica)
(Description timber uses Sri Lanka)
Popham S Kauayr Hawar The Garden
The Bulletin - Pacific Tropical
Botanical Garden dJan 1984 v

p 5-7 (NAL Call Ne

14 (1)
OK73 P3P3)

0168

Margosan-0 a commercial formulation of
neem seed extract controls Liriomyza
trifol11 on chrysanthemums

Knodel J J Larew H G ~Webb R E
Clemson S C South Carolina
Entomoliogica: Society dJournal of



agricultural entomology dJuly 1986 v 3
{3) p 249-254 Includes references
(NAL Call No DNAL SB599 J69)

0170

Methodology of the Epilachna varivestis
bioassay of antifeedants demonstrated
with some from Azadirachta
indica and Melia azedarach

schwinger ™ Ehhammer B ~Kraus W
Eschborn W Ger Die Gesellschaft
Schriftenreihe der Geselischaft fur
Technische Zusammenarbeit 1In the seraies
analytic Nstural pesticides from the
neem tree and other tropical plants /
compiied by H Schmutterer and K R §

Ascher Proceedings of the 2nd Internat
Neem Conference May 25-28 1883
Rauvischholzhausen FfFederal Republic of
Germany 1984 (161) p 181-198 111
Inciudes references (NAL Call No DNAL
HD 1417 BB}

0171

Minor o1lseeds (Mahua neem karanja

kusum and sal India)

Bhatnagar P S INFAA New Delhs Indian
Counci1 of Agraicultural Research Indian
farming Nov 1882 v 32 (8) p ©84-96
111 (NAL Call No 22 IN283)

0172

Morphogenetic effects of some
partially-purified fractions and
methanolic extracts of neem seeds on
Mythimna separata (Walker) and
Cnaphalocrocs medinalis (Guenee)
(Azadirachta 1ndica control of rice
insect pests)

Schmutterer & ZANEA Saxena

R C ~Hevde J wvon der Hamburg W
Ger Paul Parey Zeitschraift fur
angewandte Entomologre = Journal of
app’1ed entomology Apr 18B3 v 85 (3)
p 230 237 1111 Includes references
(NAL Call No 421 Z36)

017Z

The mutagenicities of seven coumarin
gersvatives and a furan derivative
{nimbolide) 1solated from three
medicinal plants

JTEHDE Uwai1fo A4 D Washington D C
Hemisphere Publishing Journal of
toxcology and environmental health
1984 v 13 {4/6) p 521-530 Includes
references (NAL Call No DNAL
RASE65 A1UB)

0174

Mycoflora (Fungi) associated with
Azadirachta (1ndica) seeds

Srivestava R C Sindriy Planning and
Development Division Fertrlizer
Corporation of India Fertilizer
technoliogy Jan/Mar 1978 v 15 (1) p
5€ 111 {(NAL Call No TPO9B3 A1T4)

0175

Mycoplasmas and fastidious vascular
prokaryotes associated with tree
diseases 1n China

Tsar J H Chen 2 Y ~Shen C Y ~Jin
K A Edmonton University of Alberta
Press 1988 Tree mycoplasma ‘and
mycoplasma oiseases / edited py C
Hiruki Literature review p €6-87
11l maps Includes references (NAL

Call No DNAL SB737 T7)

0176

Natural chlorophyll mutant in
Azadirachta indica A Juss

Kulkarni H D Srimaths R A

Jabalpur India Society of Tropica)
Forestry Scientists Journal of tropical
forestry July/Sept 1986 v 2 (3) p
241-243 111 Inciudes references (NAL
Call No DNAL SD247 Jés)

0177

Natural neem kills cockroaches and
greenhouse pests

AGREA Berberich § Washington D C
The Administration Agricultural
research - U $ Department of
Agriculture Agricultural Research
Service Apr 1986 v 34 (4) p 13-14
111 (NAL Call No DNAL 1 88 AGB4)

o178

Natural pesticides from the neem tree
(Azadirechta i1ndica A Juss) and other
tropical plants proceedings of the
Second International Neem Conference
Rauischhelzhausen Federal Republic of
Germany 25-28 May 1883 / compiied and
prepared by Heinz Schmutterer K R S
Ascher

Eschborn Deutsche fur Technische
Zusammenarbeit (GT2Z) Rossdorf
Distributor TZ-Verlagsgesellschaft
1984 5B7 p 7 p of plates IRA
(some col ) 21 em Includes

bibliographies (NAL Call No
HD1417 B& no 161)

DNAL

0179
Naturally occurring pesticides and the:ir
potential (Alkaloids pyrethrum
rotencids neem Pi1tters bacterial
insecticides Bacillius viruses Fung?
nematodes protozoa insect-based
compounds )
Saxena R C DOxford Pergamon Press
1983 Chemistry and worid food supplies
the new frontiers Chemrawn Il
invited papers presented at the
International Conference on Chemistry
and wWorld Food Suppries Manila
Philippines &-10 December 1982 / ed W
Shemiit Literature review p 143-161
111 Includes references (NAL Call No
§583 2 157 1982)

0180

Neem a plant extract for control of
Colorado potato beetle

Zehnder G W warthen J D Jr
Blacksburg Va Virginia Polytechnic
"mst and State University Cooperative
Ext Service The Vegetable grower s
news May/uune 1988 v 42 (6) p 1-2
(NAL Cail No DAL 275 28 VvB2)

o181

Neem (Azadirachta indica A Juss) of
West African ormigin as a protectant of
stored maize (Zea mays Sitophilus
oryzae Cryptolestes ferrugineus
Rhizopertha dominica)

Pereira J ZANEA wohlgemuth R
Hamburg W Ger Paul Parey
Zei1tschrift fur angewandte Entomologie
= Journz cf applied entomoliogy Sept
1882 v 8«4 (2) p 208 214 Incluoes



references (NAL Call No 421 236)

0182

Neem (Azadirschts indica A Juss) seeds
as antifeedant and ovipositional
repellient for the Egyptian cotton
leafworm Spodoptera littoralis (Boisd )
E1-Sayed E I Ceiro The Society
Bulletin of the Entomological Society of

Egypt Economic series 1982/1988 (pub
1985) (13) p 49-58 Includes
references {(NAL Call No DNAL

SB931 A1ES5)

O1E3

Neem (Azadirachta inchca) cultivated in
Hai1ty (Non-forest tree grown for
madicinal or pesticide use)

Lewis W H ECBOA Elvin-Lewis M P F
New York New York Botanical Garden
Economic botany Jan/Mar 1983 v 37
(1) p 69-70 111 Includes references
(NAL Call No 450 EC7)

0184

Neem (Azadirachta indica Linn ) as
feeding deterrent of castor semilooper
{Achaea janata Linn )

JERED Chari1 M S Muralidharan C M
New Delh: Mathotra Publishing House
Journal of entomological research Dec
1885 v 9 (2) p 243-245 111
Includes references (NAL Call No
QL483 14U6)

DNAL

0185
Neem chinaberry and custard apple
Antifeedant and i1nsecticidal effects of
seed oils on leafhopper and planthopper
pests of rice
Saxena R C Epino P B ~Tu

C W ~Puma B C Eschborn W Ger
Gesellschaft Schriftenreirhe der
Gesellschaft fur Technische
Zusammenarbeit In the series analytic
Na ural pesticides from the neem tree
and other tropical plants / comp led by
H Schmutterer and K R § Ascher
Proceedings of the 2nd Internat
Conference May 25-28B 1983
Raui1schholzhausen Federal

bre

Neen

Republic of

Germany 1984 (161) p 403~412
Inclugdes references (NAL Call No DNAL
HD1417 BB)

0186

Neem family is a challenge to tissue
culturists

Sarkar M S Datta P C Calcutta
Botanical Lab of Pharmaco Anatomy
Calcutta Univ Coll of Sc» 19857
froceedings of National Svmposium on
Applied Biotechnology of Medicinal
Aromatic and Timber Yielding Plants

held on 12th & 13th January 1984 chief
ecitor P C Datta p 118 131 i
Inciudes references (NAL Call No
SB293 N37 1984)

DNAL

0187
Neem 1n agriculture --

New Delhs Indian Agricultural Research
Institute 1983 wvi1 63 p 111 25
cm - Includes bikliographical

references (NAL Call ho
S616 14143 no 40)

DNAL

1€

0188

Nesm kernel suspension as an oviposition
deterrent to the desert Jocust
{Schistocerca gregaria Forsk )
Singh B Singh A P Faridabad
Directorate of Plant Protection
Quarantine & Storage Plant protection

The

bulletin 1887 v 39 (1/2) p ©-16
Includes references (NAL Call No DNAL
421 P69)

©189

Neem (Meli1a azadirachta) kernel
suspension protects nurseries (from)
Spodoptera 1itura)

Joshh E G Ramaprasad G New Delm
Indiar Council of Agriculturgl Research

Indian farming Dec 1878 v 28 (9) p
17-18 1 (NAL Call No 22 IN283)
0190

Neam 011 and neem extracts as potential
insecticides for control of hemipterous
rice pests
Heyde J v d Saxena
R C ~Schmutterer #H Eschborn W Ger
Dire Gesellscnaft Schriftenrethe der
Geselischaft fur Technische
Zusammenarbei1t Ir the series analytic
Natural pesticirdes from the neem tree
and cther tropical plants / compiled by
K Schmut+erer and K R 5 Ascher
Proceec ngs of the 2nd Internat
Conference May 25-28 1983
Rau schholzhausen Federal Republic of

Neem

Germany 1984 (161) p 377-390 111
Includes references (NAL Call No DNAL
HD1417 BS8)

0121

Neem ©11 as a vaginal contraceptive

tIngha)

Sima K C Riar § S ~Tiwwary

R S ~Dhawan A K ~Bardhan J New Deltn
Indian Counc11 of Medical Research

The Ingizr journma of medical research

Jan 1984 v 79 p 1231-136 111

Includes references (NAL Call No

448 B IN22)

0182

Neem research in the Federal Republic of
Germany since the First International
Neem Conference

Schmutterer H Eschoorn W Ger
Gesellschaft Schriftenreine der
Gesellischaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticides from the neem tree
and other tropical plants / compiled by
H Schmutterer anc K R § Ascher
Proceedings of the 2nd Internat
Conference May 25-28 19B3
Rauischholzhausen Federal Republic of

Die

Neem

Germany ~ Literature review 18984
(161) p 21-30 111 Includes
references (NAL Call No DNAL
HD1417 BB8)

0183

Neem research 1n the Unsted States
Department of Agricuiture an update
Jacobson M Stokes J B ~Warthen

J D Jr ~Redfern R E ~Reed D K ~Webb
R E ~Telek L Eschborn W Ger Die
Gesellischaft Schriftenreihe der

Gese l1schaft fur Technische
Zusammenarpert In the series analytic

Z0(



Natural pesticides from the neem tree
and other tropical plants / compiried by
H Schmutterer and K R S Ascher
Proceedings of the 2nd Internat Neem
Conference May 25-28 1983
Rauischhotlzhausen Federal Republic of
Germany ~ Literature review 1884

(161) p 31-42 Includes references
(NAL Call No  DNAL HD1417 BS8)

0184

Neem sed kernel suspension as an
anti1feedant for Spodoptera litura in a
planted flue-cured Virginrta tobacco crop
(Azadirachta wndica)

Joshh B G Ramaprasad G ~Nageswara
Rao S Bet Dagan Agricultural
Research Drganization Phytoparasitica
1884 v 12 (1) p 3-12 Inciudes
references (NAL Call No SB599 P53)
0185

Neem seed kernel extract as an inhibitor
of growth and fecund:ity in Spodoptera
Ti1ttoralas

Ascher K R § Elrvahu M ~Nemny

N E ~Me1sner J Eschborn W Ger

Dye Gesellschaft Schriftenreihe der
Gesellschaft fur Technische
Zusammenarber1t 11 the series analytic
Natural pesticides from the neem tree
and other tropsical plants / compilied by

H Schmutterer and K R S Ascher
Proceedings of the 2nd Internat Neem
Conference May 25 2B 1983
Raui1schhelzhausen Federal Republic of
Germany 1984 (161) p 331-344
Includes references (NAL Call No DNAL
HD1417 BB)

0196

Neem seed ©011--a potential antifeedant
against insect pests of rice

Saxena R C Oxford Oxfordshire
Blackwell Sciertific Publications
Pesti1ci1ce science ang biotechnology
proceecings of the Sixth International
Congress of Pesticide Chemistry held 1n
Ottawa Canada 10-15 August 1986 /
edited by R Greenhalgh 7 R Roberts

£ 139-144 Incliudes references (NAL
Cali No  DNAL S5B951 1562 19BE)

1987

0197

Neem seed ©11 a capable ingredient to
check rice moth reproduction (Lepid
Galleriidae)

ZANEA Pathak Krishna
Hamburg W Ger Paul Parey
Ze tschrift fur angewandte Entomologre =

P H S5

Journal of applied entomology Aug 1885
v 100 (1)} p 33-35 Includes
references (NAL Call No DNAL 421
236)

Q18E

The neem tree

Larew H G Alexandria Va The
American Horticultural Socrety American
horticulturist Aug 1988 v 67 (8) p
24-27 11 (NAL Caltl No DNAL BO
N216)

0188

The neem tree (Azadirachta indica), an
inhibitor of insect feeding and growth
Gilbert H Beltsville W™Md The
Library Quick bibliography series -
National Agricultural Library May 18B2
Bibliography May 1882 (82-10) 19 p
(NAL Ca11 No  aZ5071 N3)

0200

The nesm tree (Azadirachta indica) an
inhibitor of insect feeding and growth
Gilbert H Beltsville Md The
Library Quick bibliography series -
National Agricultural Library (U S )
Updates Quick Bibliography No 82-10 ~
Bibliography Jan 1886 (86-27) 27 p
(NAL Call No  DNAL aZ5071 N3)

0201

Neem tree may be source of safe
insecticides (Azadirachta indicata
insect-repelient qualities of neem oil)
Manila Philippines The Institute The
IRR] reporter - Internetional Rice
Research Institute June 1982 June
1882 (2) p 1-3 M (NAL Call! No

59 9 INSG6IR)

0202

The neem tree natural resistance par
excellence

ACSMC Jacobson M Weshington D C
The Society ALS Symposium series -
american Chemical Socrety 1986 (296)
p 221-232 1Includes 135 references
(NAL Call No DNAL QD1 A45)

0203
Neem trees in relation to locusts and
Rajzsthan Canal

Srivastava Y N Bhanotar R K
Muzaffarnagar Inctha Sanatan Dharm
College 1883 1Insect ecology and

resource managemert / S C Goel ed>ytor
Paper presented at the Symposium on

insect Ecology & Resource Management
October 2-4 1982 Muzaffarnagar India
P 262-266 Includes 8 references (NAL
Call No  DNAL 0OL481 I59)

0204

“Neemrich" The concept of enriched
fractions from neem for behaviorazl and
physiological contrel of insects

Sharma R N Nagasampag1
B A ~Bhosale A S ~Kulkarni
M M ~Tungikar V B Eschborn W Ger

Die Geselischaft Schriftenreihe der
Gesellschaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticides from the neem tree
and other tropical plants / compiiled by
H Schmutterer and K R $§ Ascher
Proceedings of the 2nd Internat
Conference May 25-28 19B3
Rauischholzhausen Federal Republic of
Germany 1984 (161) p 115-128
Includes references (NAL Call No
HD1417 BB)

Neem

DNAL

0208

Nematicidal principies from neem
{Azadirachta indica A Juss) I
Screening of neem kernel fractions
against Meloidogyne incognita
IJNED Devakumar C Goswam:

B K ~Mukerjee S K New Deihs

(2

2P



b v o e A mmr

Nematclogical Scciety of lndia Indian
journal of nematology June 1985 v 15
(1) p 121-124 1Includes B8 references
(NAL Call No  DNAL QL3S1 N4I5)

0206

A new species of Massarina Sacc
(Azadirachta indica)

Purohit D K Joshi S P Bangalore
Indra Current Science Assochiation
Current science Mar 5 1882 v 51 (5)

p 237-238 111 1 ref (NAL Call No
47% SC123)

0207

Nimbiciol a modified diterpenoid of the

root-bark of Azadirachta indica

PYTCA Majumder P L Maitn

D C ~Kraus W ~Bokel M Oxford
Pergamon Press Phytochemistry 1987 v
26 (,1) p B3021-3023 1Includes
references (NAL Call No DNAL 450
P5622)

0208

Non-hormonal post-coital contraceptive
action of neem €11 in rats

JETHDA Prakash A O Tewar

R K ~Mathur R Limerick Elsevier
Scientific Publishers Journal of
ethno-pharmacology May/June 1888 v 23
(1) p 53-58 111 Includes references
(NAL Call No DNAL RS160 uU6)

0209

Non-terpenoidal constituents from
Azadirachta indiga

PLMEAA Siddigur S Mahmood

T ~Saddygus B § ~Faizy S Stuttgart

W Ger Georg Thieme Verlag Planta
mecica Oct 198B v 54 (5) p 457-45¢
Inciudes references (NAL Call Ne DNAL
450 PE97)

02 0O

A note on the toxicity of neem
(Azadi1rachta i1ndica) seed cake 1n sheep
Vijjan V K Tripathy H C ~Parihar

N € Muzaffarnagar Indsia The Academy
of Environmental Biology Journal of
environmental biology Apr 1882 v 3

(2) p 47-52 Includes references (NAL
Caill No  QH540 U8B)
0211

Note on the use of neem kernal of
dew-gram against Amsacta moore: Butler
(Phaseolus aconitifolius Jacq )

Saxena R C New Delhr Indian Counc1l
of Agricul+ural Research The Indian

journal of agricultural sciences Jan
1882 v 852 (1) p B1-852 Includes 2
ref (NAL Call No 22 AGB31)

0212

Occurrence of weight gaih reduction and
inhibition of metamorphosis and storage
protein formation 1n last larval instars
of the Mexican bean beetle Epilachna
varivestis after injection of

azadirachtin

ETEAAT Schluter U Dordrecht Dr W
Junk Publisners Entomologia
experimentalis et applicata Nov 1985
v 39 (2) p 191-195 111 1Includes
references (NAL Cal No DNAL 421
ENBO5,

18

0213

Orisntation and ovipositional responses
of Heliothis armigera to certain neem
constituents

Saxena K N Rembold H Eschborn W
Ger Dre Gesellischaft Schriftenreihe
der Gesellschaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticides from the neem tree
and other tropical plants / compiled by
H Schmutte~er and K R $§ Ascher

Proceedings of the 2nd Internat Neem
Conference May 25-28 1983
Rauischholzhausen Federal Republic of
Germanvy 1984 (161) p 199-210 111
Includes references (NAL Call No DNAL
HD1417 B8)

0214

Paraise (Melia azedarach var “Gigante")
woodiots an agroforestry alternative

for the small farmer 1n Paraguay

Evans P T Rombold J S The Hague
Martinus Nijhoff/w  Junk Agroforestry
svstems 1984 v 2 (3) p 199-124

1 Includes references
DNAL SD387 MBASZ)

(NAL Call No

0215

Pesticidal action of neem and certain
1ndigenous piants and weeds of
Bangladesh

Isiam B N Eschborn W Ger
Gesellschaft Schriftenreihe der
Gesellschaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticirdes from the heem tree
and other tropical plants / compiled by
H Schmutterer and K R S Ascher

Die

Proceedings of the 2nd Internat Neem
Conference Mav 25-28B 1983

Rau schholzhnausen Federatl Republic of
Germany 19B4  (161) p 263-290
Inciuoec references (NAL Call No DNAL
HC14 7 EB)

0216

Phagodeterrency of various fractions of
neem o011 against Schistocerca gregaria
F

Narayanan € R Singh R P Bombay
Colour Publications Pesticides Nov
1878 v 12 (11) p 31-32 111 & ref
(NaAL Call No SE951 P43)

0217

Phagodeterrent effert of neem extracts
and azadirachtin on flea beetles
Phyliotreta striolata (F ) (Azadirachta

indica Raphanus sativus radishes pest
control)

Meisner J ZPFSA Mitchell B K
Stuttgart W Ger Eugen Ulimer

Zertschrift fur Pflanzenkrankheiten und
Pflanzenschutz = Journal of plant
diseases ang protection Aug/Sept 1982

v 89 (B/2) p 463-467 16 ref (NAL
Call No 464 8 2Z3)
0218

Phenolic tricyclic diterpenoids from the
bark of Azadirachta indica

PYTCA Shddiguy S Ara
§ ~Mahmood T ~Sidargun

I ~Faiza
B § Oxford

Pergamon Press Phytocheristry 1988 v
27 ( 2) p 3903-3%07 Includes
references (NAL Call No DNAL 450
P5622)



0219

Phoma jolyana a new pathogen on nsem
(Azadirachta indica)

IFORABE Singh 1 Chohan J S Dehra
Dun N M Misra The Indian forester
Dct 1984 v 110 (10) p 1058-1060
111 Includes references (NAL Call No
DNAL 99 8 IN2)

G220
The physiological sffects of
azadirachtin in the locust Locusta

mgratoria
Mordue A J Evans K A Dordrech*
Dr W Junk Series entomoiogica In the

series analytic Insects-Plants / edited
by v Labeyrie G Fabres and D
Lachai1se Proceedings of the 6th
International Symposium on Imsect-Plant
Retlationships (Pau 1886) 1987 v 41

p 43-48 Includes references (NAL Call
No  DNAL QL4&1 S4)

Q221
Phytochemical screening of medicinal
plants for antidabetic agents
Chakrabartty T Podder G ~Saha J
Calcu=~ta Botanical Lab of Pharmaco
Anatomy Calcutta Univ Coll of Sc»
1985~ Proceecings of National
Symposium on Applied Biotechnology of

Medicinal Aromatic and Timber Yielding
Plants held on 12th & 13th January
1884 chief editor P C Datta <]

370-380 includes references (NAL Cal)

Nc DNAL SB283 N37 1984)

0222

Phytochemical study of Melia azedarach

L cuiltivated in Egypt (Reported to have
insecticidal and fungicidal properties)
Hilal S H Haggag M Y ~Fathy F I
Cairo Natronal Information and
Documentation Centre Egyptian journal

of pharmaceutical sciences 1879 (pub
1982) v 20 (1/4) p 345-351 Includes
22 ref (NAL Call No 396 B JB26)

0223

Piperonyl butoxide Synergistic effects
on different neem seed extraacts and
inf luence on degradation of an enriched
extract by uitra-violet light

Lange W Eschborn W Ger Die
Gesellischaft Schriftenreihe der
Gesellschaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticiges from the neem tree
and other tropical plants / compiied by
H  Schmutterer and K R 5 Ascher
P~oceedings of the 2nd Internat
Conference May 25-28 1983
Rauischholzhausen Federal Republic of
Germany 1984 (161) p 129-140
Inciudes references (NAL Call No
HMD1417 EB)

Neem

DNAL

Q224

Population behaviour of Aphis gossypi:
Glov on cotton treated with certain
insecticides and neem ©il

Surulavelu T Sundaramurthy V T
Coimbatore India Centre for Plant
Protection Studies Tamil Nadu Agric
University 19877 Resurgence of
sucking pests proceeaings of nationa.
svmposium / edited by § dJayara) p
150-154 Includes references (NAL Cal}

No  DNAL SBS50 3 14R47)

0225

Potato virus X {nhibitor from neem leaf
extract (Azadirachta indica)

Sangar, RB S , Dhingra M K Simla
The Association JIPA Journal of the
Indian Potato Associration June/Dec 1982
(pub July 1982} v 9 (2/4) p 143-149
Inciudes references {(NAL Call No

SB211 P8156)

0226
Potential molluscicides from some
tannin-containing plants growing in the
Sudan

FTRPA Hussein Ayoub S M
L K Milano

Yankov
Inverny della Beffa
Fitoterapia 1985 v 356 (€) p
371-373 Includes references (NAL Call
No DNAL 450 F55)

0227

Potential of azadirachtin-containing
pesticides for integrated pest contrel
in developing and industrialized

countries
JIPHA Schmutterer H Devon Pergamon
Press dJournal of insect physiology

Papers presented at the “"VIII Ecdysone
workshop on Ecdysone From Biosynthesis
to Mode of Action " March 30-April 2
1987 Marburg Federal Republic of
Germany 19BB v 34 (7) p 713-718
111 Includes references (NAL Call No
DNAL 421 U825)

0228
Potential of the neem tree (Azadirachta
indica) for pest control and rural

development
ECBOA Ahmed § Grainge M Bronx
N Y New York Botanical Garden

Economic botany Apr/June 1886 v 40
(2) p 201-209 Inciudes references
(NAL Call No DNAL 450 EC7)

0229

Recent research findings on Mel:iaceae
and other promising botanical
insecticides in China

ZPFSA Chiu S F  Stuttgart
Eugen Uimer Zei1tschrift fur
Pflanzenkrankheiten und Pflanzenschutz =
Journal of plant diseases and
protection June 1885 v 92 (3) p
310-2319 Includes references (NAL Call
No DNAL 464 B 23)

W Ger

0230

Reduction of tungreo virus transmission
by Nephotettix virescens (Homoptera
Cicadeliicdae) in neem cake-treated rice
seedlings

JEENAI Saxena R C Khan 2 R ~Bajet
N B Coliege Park Md Entomological
Soci1ety of America Journal of economic
entomology Oct 1987 v B8O (5) p
1079-1082 Incliudes references (NAL
Call No  DNAL 421 JB22)

0231

Regeneration of plantlets from stem
tissue of Azadirachta i1ndica Juss
Jaiswal V § Narayan P Calcutta
Botanical Lab of Pharmaco Anatomy
Calcutte Univ Coll of Sci 1985”7
Proceecings of National Symposium on



Appl ied Biotechnology of Medicinal
Aromatic and Timber Yielding Plants
held on 12th & 13th January 1984 chief
editor P C Datta p 132-136 N
Inciudes references (NAL Call No
SB293 N37 1984)

DNAL

0232

Regeneration of plantiets from the
somatic tissue of some Indian trees
Jaiswal Vv § Narayan P Jodhpur
India Dept of Botany Universaty of
Jodhpur 1983 Advaencing frontiers plant
sciences 1883 symposium proceedings /
National Symposium on Advancing
Frontiers of Plant Sciences Jodhpur
November 26-30 1983 ecited by H C
Arya et al p 138-139 Includes
5 references (NAL Call No DNAL

OK1 N3293 1983)

0233
Relative efficacy of fenvalerate
quinalphos and neem kernel extracis for
the control of pod fly Melanagromyza
obtusa (Malloch) and pod borer
Heliothis armigera Hubner infesting red
gram Cajanus cajan (L ) Millsp
together with their residues
JERED Srivastava K P Agnihotra
N P ~Gajbihye V T ~Jdain #H K New Delhi
Malhotra Publishing House Journal of
entomological research June 1984 v 8
(1) p 1-4 Includes references (NAL
Call No  DNAL QL483 14y6)

0234

Relative efficiency of prilled urea
uree supergranules (USG) and USG coated
wi1th neem cake or DCD for direct-seeded
rice

JASIAB Sudhakara K Prasad R

Cambridge Cambridge University Press
The Journal of agricultural science Feb
1886 v 106 (pt 1) p 18B5-190

Includes references (NAL Call No DNAL
10 JB22}

0235

Repellient and grewth-inhibiting effects
of turmeric oil sweetflag c11 neem
of1 and "Margosan-0" on red flour
beetle (Coleoptera Tenebrionidae)
JEENAT Jrlamy G Saxena R C ~Rueda
B P College Park Md Entomological
Society of America dJournal of economic

entomology Aug 1988 v 81 (4) p
1226-1230 1Includes references (NAL
Call No DNAL 421 U822)

0236

Reproductive efficiency in Earias fabra
Stol1 (Lepidoptera Noctuirdae) affected
by neem oil vapour

APEZAW Pathak P H Krishna S §
Tokyo vapanese Sociret o©of Applired
Entomology and Zoology Applied
entomology and zoology May 1986 v 21
(2) p 847-348 Includes references
(NAL Call No DNAL SB599 A6}

0237
The residual effect of a neem seed
kernel extract sprayed on fodder beet
against larvae of Spodoptera littoralis
{(Egyptian cotton leafworm Azadirachta
1ndica)
Meisner J Ascher K R

S ~2ur M Bet

20

Dagan Agricultural Research
Organization Phytoparasitica 18B3 v
11 (1) p 51-54 Includes references

(NAL Call No SB599 P53)

0238

Response of cassava to potassic
fertilization in presence of urea
blended with neem (Azadirachta indica)
cake

Thampatti K C M Padmaja P Gurgaon
Haryana India Potash Research
Institute of India Journal of potassium
research Sept 1987 v 3 (3) »p
115-121 1Includes references (NAL Call
No  DNAL 5645 J68)

0239

Response of certain forest tree species
to varying pH levels under pot culture
Chaturved: A N Bhat D N ~Singh

U N ~Gupta N N Dehra Dun Socrety of
Indian foresters Van vigyan = Journal
of the Society of Indian Foresters
Sept/Dec 1985 v 23 (3/4) p 79-84
Inciudes references (NAL Call No

89 9 S0126)

DNAL

0240

Response of Earias insulana Boisd
larvae (pest of £otton) to Neem
(Azadirachta indica A Juss) kernel
extract (Insecticides)

Meisner J Kehat M Bet Dagan
Agricultural Research Organization

Phytoparasitica 1978 v 6 (2) p
B5-88 1111 14 ref (NAL Call No
SB599 P53)

Q241

Response of the larvae and pupae of the
oriental rat flea (Siphonaptera
Pulicidae) to chemicals of different
chemical types

JEENAT Chamberlain W F Macirejewska
J ~Matter J J College Park Md
Entomoliogical Society of America
Journal of economic entomology Oct

1988 v 81 (5) p 1420-1425 Incliudes
references (NAL Call No DNAL 421
Jg22)

Tests with 31 different compounds
representing six chemical groups plus a
miscellaneous group against larvae of
the oriental rat flea Xenopsylla
cheopis (Rothschild) were used to
define toxic action as indicated by the
ratio of C (LC for larvae) divided by A
{(LC for pupae) An 1nsect growth
regulator (IGR) was distinguished by a
high pupal-to- larval mortality ratio

1 e when the C/A was < 2 the compound
was not active as an IGR but when the
C/Lt was > 4 the compound acted as an
IGR The most active compound was &
docecadienoate S-methoprene (1sopropyl
(2E 4E)-11-methoxy-3 7 ti-trimethyl-2 4-
-dodecadiencate (S)) which had an LC50
of O 00011 ppm With the addition of the
R 1somer the LC50 doubled but most
strikingly the C/A increased from 6 to
137 Two of the three diphenylureas
acted as IGRs whereas the thaird
diflubenzuron acted as a larval
toxicant probably because of the
activity on the moult from the second to
third 1nstar A1l compounds tested were
more toxic to the oriental rat flea than



methoxychlor and 80% were more active
than carbaryl Each compound exhibited a
distinctive slope Azadirachtin (S NEEM)
showed an extremely flat slope while
the siope for phenthoate was very steep

0242

Results of field trials to control
common insect pests of okra Hibiscus
esculentus L  in Toge by application of
crude methanolic extracts of lsaves and
seed kernels of the neem tree
Azadhrachta indica A Juss

ZANEA Adhikary S Hamburg W Ger

Paul Parey Zeitschrift fur angewandte
Entomotogie = Journal of applied

entomology Nov 1984 v 98 (4) »p
227-331 Includes references (NAL Call
No DNAL 421 Z36€)

0243

Results of field trals te control the
ciamond-back moth Plutella xylostella

L by application of crude methanolic
extracts and agueous suspensions of seed
kernels angd leaves of neem Azadirachta
indica A Juss in Toge

ZANEA Adhtkary S Hamburg W Ger

Paul Parey Zer1tschrift fur anpgewandte
Entomologie = Journal of applied
entomoliogy Aug 1988 v 100 (1) p

27 32 Incluoges references (NAL Call
No DNAL 421 Z36)
02a4

A review of neem research 1n India 1n
retation to insects

Jotwany M G Srivastava K P

Eschborn W Ger Die Gesellschaft
Schriftenreihe der Gesellschaft fur
Technische Zusammenarpeit In the series
analy*ic Na*ural pesticides from the
neem tree and other tropical plants /
compiled by H Schmutterer and K R S

Ascner Proceeoings of the 2nd Internat
Neer Conference May 25-28 1983
Rauischholzhausen Feoeral Republic of
Germany ~ Literature review 1984

{16 ) p 43-56 111 Includes
references (NAL Call No DNAL

HDi1417 BS)

0245

Salannolide a meliacin from Azadirachta
indica

PYTCA Garg H S Bhakunit D §

Oxford Eng Pergamon Press
Phytochemistry 1884 v 23 (10} p
2383-2385 111 Includes B references

(NAL Call Nc DNAL 450 P5622)

C246

Screening Azadirachta rndica and Pisum
sativum for possible antimalarial
activities

JETHDA Abatan WM O Mak nde
Lymerick Eisevier Scirent fic
Publishers Journal of
ethno-phnarmacology July 1886 v 17
{1) p 85 93 1Includes references
Call No DNAL RS16C uU6)

MoJ

(NAL

024~
Secondary plant products in wnsect

control with special reference to the
azadirachtins

Rkerbecic H Amsterdam Elsev 2r Science
Pub  fovances 1n Tnveriebrate

reproduction Paper pressnted at the
Third International Symposium on
*Advances in Invertebrate Reproduction '
August 22-27 1883 Tubingen 1984 v

3 p 481-491 111 1Inciudes 14
references (NAL Cali No  DNAL

QL362 A4)

0248

Secondary plant products in insect
control with special reference to the
azadirachtins

Rembold H Amsterdam Elsevier 5cience
Publishers 1984 Advances 1n
invertebrate reproduction 3
proceedings 3rd International
Symposium International Society of
Invertebrate Reproduction Tubingen
Federai Republic of Germany 22-27
August 1983 s edi1to p 481-491 1111
Includes 14 references (NAL Call No
DNAL QL364 15 157 1983)

0248

Seed extract shows promise in leafminer
control

CAGRA Sten U Parrella WM P
Berkeley The Statyon Cali:fornia
agricutture - California Agricultural
Experiment Station July/Aug 1885 v
(7/8) p 19-20 A {(NAL Call No
DNAL 100 C12CAG)

3¢

0250
Seedling diseases of Azadirachta i1ndica
in Kerala India

EJFPA Sankaran K V Balasundaran

M ~Sharma J K Hamburg W Ger Paul
Parey European journal of forest
pathology Oct 1986 v 16 (5/6) p
324-328 111 includes references (NAL
Ca 1 No DNaL SD1 ES)

0251

A simplifired 1sclation procedure for
azadirachtin

JNPRDF Schroeder D R Nakanishi K
Pittsburgh Pa American Society of
Pharmacognosy and the Lloyd Library and
Museum Journal of natural products
Mar/Apr 1987 v 50 (2) p 241-244
Includes references (NAL Call No
442 B L77)

DNAL

0252
Some neurophysiological effects of
azadirachtin on lepidopterous iarvae and
their feeding response
Simmonds M S J Blaney W M Eschborn
W Ger Die Gesellschaft
Schriftenreihe der Gesellschaft fur
Technische Zusammenarbeit In the seraies
anzlytic Natural pesticrdes from the
neem tree and other tropical plants /
corprlied by H Schmytterer and K R S

Ascher Proceedings of the 2nd Internat
Neem Conference May 25 28 1983
Rauischholzhausen Federal Republic of
Germany 1984 (161) p 163-180
Incliudes references (NAL Call No DNAL
HD1417 B8)

0253

Some promising plant species for use as
pest control agents under traditional
farming systems

Atmed S Gratnge M ~Hviin

v b ~Mitchell W C ~Litsiynger J A

1%



Eschborn W Ger Die Gesellschaft
Schriftenreihe der Gesellschaft fur
Technische Zusammenarbeit 1In the series
analytic Natural pesticides from the
neem tree and other tropiceal plants /
compiled by H Schmutterer and K R S
Ascher Proceedings of the 2nd lnternat
Neem Conference May 25-28 1983
Rauvischholzhausen Ffederal Republic of
Germany 1984 (161) p 565-580
Includes references (NAL Cal11 No  DNAL
HD1417 B8)

0254

Some serum enzyme levels as marks of
possiblie acute effects of the aguecus
extract of Azadirachta indica on
membranes in vivo

FTRPA ODbaseki &4 O Adey)

0O ~Anyabuike C Milano Inverni della
Beffa Fitoterapia 1985 (2) p
111-115 Includes references (NAL Call
No DNAL 450 F55)

0255

Spatial and temporal distribution of
nitrogen 'n 2 puddied rice so1l
following application of urea-based
fertilizers by different methods
BFSDEE Panda C Sen H S ~Patnaik
S Berlin Springer International
Biology and fertility of soi1ls Mar
1988 v 6 (1) p 89-92 Includes
references (NAL Call No DNAL

OHB4 8 B46)

02586

Structural damages caused by neem 1n
Eprlachina varivestis A summary of
histological and ultrastructural data

I1 Tissues affected in aduilts

Schulz w D Schiuter U Eschborn W
Ger Die Geseilschaft Schrifienrerhe
der Gesellschaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticioes ‘rom the neem tree
anc other tropical plants / compiled py
H Schmutterer and K R $§ Ascher
Proceedings of the 2nd Internat WNeem
Conference May 25-28 1983
Rauischholzhausen Federal Republic of
Germany 1984 (16+) p 237-252 11
Includes references (NAL Call No DNAL
HD1417 BB)

0257

Structural damages caused by neem in
Epilachna varivestis A summary of
histological and ultrastructural data

I Tissues affected in larvae

Schiuter U Schulz W D Eschborn W
Ger Dre Gesellischaft Schriftenreihe
der Gesellschaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticides from the neem tree
and othe~ tropical plants / compiied by
H Schmutterer and K R § Ascher
Proceedings of the 2nd Internat Neem
Conference May 25-28 1983
Raurschholzhausen Federal Republic of
Germany 1984 (161) p 227-236 111
Incluoes references (NAL Call No DNAL
HD1417 BS8)

0258

Structure-activity studies of acridone
feeding deterrents

Hassanali A Lwande W ~Gebreyesus

T Eschborn W Ger Die
Gesellischaft Schriftenreihe der
Geselischaft fur Technische
Zusammenarbeit In the series analytic
Natural pesticides from the neem tree
and other tropical plants / compiled by
H Schmutterer and K R § Ascher
Proceedings of the 2nd Internat Neem
Conference May 25-28 1983
Rauischholzhausen Federal Republic of
Germany 1884 (161) p 75-80 111
Includes references (NAL Call No DNAL
HMD1417 BB)

0259

Structure and development of fruit wall
1h some members of Geraniales

BIOVD Gupta A K Govil C M Pune
Maharashtra Assochiation for the
Cultivation of Science Biovigyanam Mar
1885 v 11 (1) p 33-38 111 Includes
references (NAL Call No DNAL

QH301 B58S)

0260

Structure-bicactivity relationships of
azadirachtin a potential insect control
agent

JAFCAU Yamasaky R B Kiocke J A
washington C C American Chemical
Society Journal of agricultural and
food chemis*ry July/Aug 1987 v 35

(4) §£ 467-471 Includes references
(NAL Call No DNAL 381 UB223)

02¢

The structure of 1-cinnamoyimelianolone
g new 1nsecticidal tetranortriterpenoid
from Melia azedarach L (Meliaceae)
TILIAY Lee S W Klocke

v ~ ~B2lazngri~ W™ F  Oxford Pergamon
P e== Tetrahec-o~ letters 18B7 v 2§&
(21, p 3543-3546 Includes references
(NAL Ca11 No DNAL 385 T28)

0262

Studies 1n the chemical constituents of
Azadirachta indiea II Isolation and
structure of the new triterpencid
azadirachtol

PLMEAA Siddiguyr S Syddiqu

B S ~Faizr S Stuttgart W Ger
Thieme Stratton Planta medica = journal
of medicinal plant research Dec 1985
(6) p 478-48C Includes 14 references
(NAL Call No  DNAL 450 P697)

0263

Studies on chemical composition of neem
cake and release of ammonia from neem
coated urea

1uDSA Singhal K K Mudgal V D New
Deihs Ind1ran Dairy Association The
Indran journal of dairy science Sept
1984 v 37 (3) p 285-287 1ncludes
references (NAL Call No DNAL 44 8
IN28)

0264

Studires on mineralisation of neem and

sulphur coated and N (nitrogen)-serve

treated urea

Thomas J FENE& Prasad R New Delhi
Fertiliser Association of India
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Fertiliser news 0Oct 1982 v 27 (10)

p 38-43 111 17 ref (NAL Call No
57 8 F4123)
0265

Studies on plant gums characterisation
of neem (Azadirachta incdica) gum
protease as a glycoprotein

Navak B R Pattabiraman T N 0Oxford
Blackwell Scientific Publications
Journal of the science of food and
agriculture Mar 1982 v 33 (3) p
2863-268B 111 Inciudes 28 ref (NAL Call
Nc 382 5012)

0266
Studies on plant gums Isclation and
characterisation of the major
polysaccharice from neem (Azadirachta
indica) gum
Navak B R
Proceedings

Rac R Bangalore
Section Blndiran Academy

of Sciences O0Oct 1878 v B7 (10} p

261 26¢ 111 16 ref (NAL Call No 513
IN25BE )

0267

Stucdhies on plant gums III 1Isclation &
characterization of a glycopeptide from
neem (Azadirachta 1ndica; gum after
pronase digestion

Nayak E R Pattabiraman T N New
Delin Council of Scientific and
Inaustrial Research Indiran journal of
brochemistry and birophysics Dec 1878

v 15 (&) p 448 455 111 21 ref (NAL
Call Nc  QPS01 14B)

0268

Studhes on the comparative efficacy of
certain grain protectants against
Sitotroga cerealella Olivier

BUGTA verma S P Singh B ~Singh

Y P Hapur Foodgrain Technologists
Resezrch Association of Inogya Bulletin
of gra'n technoiogv Apr 1983 v 21
(1) p 37-42 1Includes € references
(NAL Cal1 No DNAL TS2120 B8)

02689
Studies on the resin glands of
Azadirachta 1ndica A Juss (Meliaceae)

ANBOA4  Inamdar J A Subramanian

R B ~Mohan J § S London AcademicC
Press Annals of botany Sept 1888 v
5B (3} p 425-4292 1111 Includes
references (NAL Cail No DNAL 450
AN7T )

0270

Studies on the structure of
polysaccharides from the bark of Melia
azadirachta

Fujiwara T CPBTA Takeoa
Y ~Shimizu M ~Nomur~a T
Prnarmaceutical

T ~0girhara
Tokyo
Socirety of Japan

Chemyca & pharmaceutical bulletin Nov
1882 v 30 (11) p 4025-4030 Includes
references (NAL Cail No RM1 C5)

0271

28-31 1Inciudes references (NAL Cal}

No SB111 A2T74)

0272

Sub-acute dermal toxicity of
Neemrich-100 (tech ) to rats

IPCLB Qadri S S H Usha & ~Jabeen

K London McDonald Publications
International pest control Jar/Feb

1884 v 26 (1) p 1B-20 111 Includes
references (NAL Call No DNAL 79 B8
P432)

0273

Suggestion for planting "neem trees"
Azadirachta 1ndica (syn Melia indica)
along with-Ra) Canal (India)

Srivastava Y N Bhanotar R K

Jodnhpur The Society Transactions of
Indian Socrety of Desert Technology and
University Centre of Desert Studies dJan

1982 v 7 (1) p 56-58 B ref (NAL
Call No  S612 149)
0274

Suirtability of neem cake as an additive
1n earthworm feed and 1ts influence on
the establishment of mierofiora

Kale R D Bano K ~Vinmayak

K ~Bagyaray D J Bangaiore Indian
Society of So1l Biology and Ecology

Dept of Entomoiogy Univ of Agric Sc»
Journal of so11 biology & ecology Sept
1986 v 6 (2) p 98 103 Includes
references (NAL Call No DNAL

OL110 uU82)

0275

Sulfurous compounds from Azadirachta
wndica leaves

FTRPA Pant N Garg

H § ~Madhusudanan K P ~Bhakuni D §
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