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In the Ph~1~pp1nes In 1976, Klchael Benge wrote a booklet called BAYANI
rG1ant 1P1l-1P1l (Leucaena leucocephala») A Source of Ferrt1l1zer, Feed and Energy
for the Phlllpp1nes It descr1bed a new var1ety of an old tree The booklet was
not a "Mad1son Avenue," sllck publlcatlon, and looked as 1f 1t were produced on a
photocopylng machlne But It was effectlve' Soon Benge was flooded w1th tens of
thousands of requests for lt, and wlthln a few months Flllplnos were plantlng that
new tree over thousands of hectares

Today, that tree. better known as glant 1P1l-1Pll or glant leucaena lS well
extabl1shed In the Phll1pplnes, Indonesla, Thalland, Ind1a and other countr~es of
the reglon Indeed lt has been ha~led as a breakthrough 1n troplcal forestry, and
in 1986, Klng Carl XIV Gustaf of Sweden awarded Benge the Internatlonal Inventors
Award [modeled after Sweden famous Nobel Pr1zes] for h~s outstandlng ~nnovatlon In
promotlng the use of thlS tree

In scope and presentat~on, thlS current booklet remlnds me of Benge's 1976
one Perhaps he ~s here ln~t~at~ng worldwlde enthuslasm for neem as he dld a
decade ago for leucaena I hope so Neem 1S potentlally one of the most valuable
of all seml-ar~d-zone trees It can grow In parched and nutrlent-deflclent SOlI
and lS a fast-grow1ng source of fuelwood Moreover, 1t has many other
commerc1ally expl01table by-products and env~ronmentally beneflclal attr~butes,

such as a natural, non-toxlC pestlclde

Noel Vletmeyer
BOSTID
Nat~onal Academy of SClences
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PICTURE OF NEEM TREE

Azadlrachta 1ndlca

Neem or the Margosa Tree

(the name 18 based on the PerS1an for "a noble tree")
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THE NEEH TREE
ITS POTENTIAL FOR AGRICULTURAL,

INDUSTRIAL AND COMMERCIAL EXPLOITATION

INTRODUCTION

The neem tree* offers great potent1al for agr1cultural, 1ndustr1al, and

commerc1al expl01tat10n Its most prom1s1ng use 1S for commerc1al and on-farm

product10n of pest1c1des, wh1ch so far have proven to be non-toX1C to man Not

only can 1t protect plants from lnsect damage, but lt can greatly contrlbute to

reduclng post-harvest food losses, and could be Substltuted for many of the

envlronmentally damaglng pestlcldes such as DDT Neem seed extract, azadlrachtln,

has proven effectlve agalnst 131 specles of 1nsects, 60 ln the US. of WhlCh 45

are extremely damaglng to agr1cu1tural crops here These 1nc1ude the leafm1ner,

WhlCh attacks vegetable and flower crops, and the gypsy moth, WhlCh causes

ml1110ns of dollars of losses to the U S forest lndustry every year

stops the common cockroach

It even

Azadlrachtln has also proven to be effect1ve aga1nst desert and mlgratory

locusts, wh1ch cause mll110ns of dollars In crop losses In Afrlca and elsewhere

itA slngle swarm of locusts has been estlmated to destroy In a day enough food to

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

*Azadlrachta lndlca A Juss (faml1y Hellaceae) has a synonym In Hella azadlrachta,
WhlCh lS not to be confused wlth Hella azadlrach, commonly called the PerSlan
Lllac In Ind1a and the Ch1naberry tree elsewhere (Larson, 1986)

DRl\FT
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A hlghly blologlcally actlve fractlon has been seperated from fresh neem

kernels that shows remarkable antlvlral actlvlty agalnst the Ranlkhet poultry

VlruS and has blood-sugar lowerlng and antlmlcroblal propert1es

A program has been recently 1n1tlated 1n the Un1ted States to evaluate varlOUS

parts of the neem tree as antl-lnflammatory and heal1ng substances In dentlstry,

and to determlne thelr toxlcologlcal propert1es

Almost every part of the neem tree--roots, bark, trunk. leaves, flowers, frult

and seeds--1s known to have some use In countr1es where lt grows. th1s 1S

partlcularly true In Indla There, the tree 1S held sacred by the Hlndus and ltS

parts are used 1n many of thelr rltuals and ceremon1es It 1S belleved that a few

drops of heavenly nectar fell on neem Hence, on New Year's day, the Hlndus eat

ltS leaves and take a bath wlth water In WhlCh a few neem leaves are bOl1ed In the

hope of acqulrlng freedom from dlsease Srl Cha1tanya, the father of the

Valshnava cult, lS belleved to have been born under a neem tree and hence h1s

n1ckmane "Nlmal "

Neem 1S a source of many other potentlal products, besldes 1nsect ant1feedants

and repellants Almost every part of the neem tree lS used medlclnally 1n Indla

011 lS extracted from the seeds for soap, wax. lubrlcants, and llghtlng and

heatlng fuel, and the resldue lS used an an organ1c fertl1lzer And neem 011 1S

even belng tested for use ln cosmetlcs, such as nall POl1Sh (Schmutterer, 1984)

Other parts of the tree are used for commerclal products, lncludlng tlmber and

cablnetry wood, tannlns. a toothpaste lngredlent, and I1vestock feed Neem bark
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contalns 14~ tann1ns, WhlCh compares favorably wIth conventIonal tannIng chemIcals

(Radwanskl, 1977a, NAS, 1980) Its reS1n 1S a gum substItute (Ketkar, 1976) The

cotyledon and cotyledon-orlg1nated callus tIssues contaIn abundant compounds of an

lmportant steroIdal drug precursor wldely used ln commerce

(Sarkar and Datta, 1986) TwIgs of neem are used as a toothbrush, wlthout

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

Neem productl0n sustalns cottage 1ndustr1es ln Indla, and when grown on a

large scale ln developIng countrles such as Haltl or ln Afrlca, where labor and

land costs are low, neem could provlde a base for prof1table large commerclal

operatIons for lndustrlallzed nat10ns such as the Unlted states

The ldeal troplcal plant product 1S easy to produce and cheap to process, has

few natural enemIes and dlseases, can be utll1zed ln a mult1tude of outlets, can

grow qUIckly and eaSIly where lt does not dIsplace other crops, can be prepared

for export locally WIth value added In the country of orlgln, espeCIally 1n the

v1llage, can act as a SOlI amellorant In a prevIously non-productlve area, and can

ralse the lncome of the poor countrles by provldlng an export crop or by

subst1tutlng for expensIve lmports

plant

Neem lS a candldate as an ldeal trop1cal

The neem tree and ltS products offer a wlde range of development alte~atlves,

especlally for seml-arld zones Processlng of several neem lngredlents, WhlCh

could become hlghly compet1tlve ln prIce and quallty w1th some petroleum-based

synthet1cs, does not requlre spec1al skIlls or SOphlstlcated machlnery It can be
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done by v11lage 1nhab1tants and thus prov1de employment and 1ncome 1n

underpr1v1leged rural communlt1es The development of thlS tree w11l also 1mprove

the declln1ng ecosystems of many areas, such as 1n Ha1tl and the ar1d (lrrlgated)

and sem1-ar1d (non-1rrlgated) reg10ns 1n Afrlca

DESCRIPTION

Neem 1S a moderate to large Slze tree 12-20 meters (40-65 feet) h1gh, reach1ng

a glrth of 1 8-2 5 meters (6-8 ft) It forms a round crown w1th a spread of 5-10

meters (16-33 ft), lS a broadleaf, evergreen tree, except 1n perl0ds of drought

when 1t w1l1 drop 1ts leaves, has a relatlvely stralght trunk (but not long) w1th

moderately th1ck bark, roots deeply, grows moderately fast, 1S hardy, stands

pollardlng (repeated lopp1ng of branches) well, copp1ces rap1dly, and produces

root-suckers (often lnduced by root lnJury), espec1ally ln dry locallt1es

(Troup, 1921)

Neem leaves are alternate, compound, 23 to 38 cm (9 to 15 ln ) long leaflets

7 to 17, alternate or Opposlte, very shortly stalked, 6 to 7 cm (2 1/2 to 3 1n )

long, obllque, toothed The tree lS open poll1nated, and the small, wh1te,

scented, blsexual flowers are borne ln aZ1llary clusters, Wh1Ch are shorter than

the leaves and attract bees The frult 1S a smooth, eillpsodal drupe, 1 25 to 1 8

cm (0 5 to 0 7 ln ) long, greenlsh-yellow to yellow when r1pe, w1th a

bltter-sweet pulp and one, or at t1mes, two seed The flowers and frult st1nk

badly after a raln
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In Ind1a, neem sheds 1tS leaves 1n Februa~y-Ma~ch but 1S neve~ completely

leafless except 1n d~y locallt1es where 1t may d~op all 1tS leaves The flowe~s

appear 1n Februa~y to May w1th the new leaves The exact pe~10d of flowe~1ng

va~les f~om locallty to locallty In gene~alt flowe~1ng takes place ea~l1e~ 1n

the southern pa~ts of the count~y Heem fru1ts usually ~1pen 1n May to Septembe~

(Troup. 1921. ICSIR. 1948). although some 11te~atu~e 1nd1cates neem has two

d1st1nct fruiting pe~10ds, May-June and August-Septembe~

DISTRIBUTION

Heem 1S thought to have o~lglnated 1n Burma and IS common throughout the open

scrub forest In the d~y zone the~e and on the Slwal1k h1lls. and 1f It IS natlve

to India, 1t occu~s naturally only 1n Karnatak and 1n pa~ts of the Deccan

Penlnsula (Troup. 1921) In 1ts natlve env1ronments. neem IS gene~ally found

g~ow1ng 1n m1xed fo~ests. assoclated w1th other broadleaf speCles, such as Acac1a

~ and Dalbergla SlSS00 It grows 1n t~oplcal to sub-troplcal ~eglons. seml-ar1d

to wet troplcal regl0ns, and from sea-level to ove~ 2,000 feet It 1S cultlvated

throughout Ind1a, and In many places 1t has become w1ld [The fru1t 1S not tOXlC

to birds and bats. and 1t IS ~epo~ted that they are malnly responslble fo~ the

spread of w1ld neem It 1S now found 1n many places outs1de of 1tS natIve

dlstrlbutlon to the sub-HImalayan t~ack, 1nclud1ng the no~theLn part of uttar

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

[2,200 feet] (Ketkar, 1976)
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However, accordlng to Amed and Gralnge (1985), neem lS natlve to the

Indo-Paklstan subcontlnent, whlle others attrlbute ltS natlvlty to the dry forest

areas of Indla, paklstan. Srl Lanka, Ka1sysla, Indonesla, Thalland and Burma (NAS,

1980) Nevertheless, neem also found throughout Paklstan, Sr1 Lanka, southern

Ma1ays1a. Indonesla, Thal1and, and the northern plalns of Yemen and has been

recently lntroduced lnto Saudl Arabla Now, the Phl11pplnes has begun wldescale

plantlngs of neem for fuelwood and pestlclde productl0n Nlneteenth century

lmmlgrants carrled the tree from the Indo-Paklstan reglon to F1Jl, and lt has

spread to other lslands In the South PaclflC

East Indlan lmmlgrants lntroduced neem to Maurltlus. and It lS thought that

they took It to a number of Afrlcan countrles It lS now w1dely cult1vated on the

Afrlcan contlnent In Ethlopla, Somalla, Kenya, Tanzanla. Kozamblque, Maurltanla,

Togo, Ivory Coast, Cameroon. Nlgerla. GUlnea, Ghana, Gambla, Sudan, Benln, Mall,

Nlger, Burklna Faso. Chad, and Senegal. partlcular1y 1n ralnfall-deflclent reglons

Neem was also lntroduced lnto several Carlbbean natlons by East Indlan

lmmlgrants and lS now propagated by Indlan communltles as a medlclnal plant In

Trlnldad and Tobago, Jamalca, Surlname. Guyana and Barbados (Pllske. 1983) Neem

p1antlngs are also abundant In Guatemala, Nlcaragua, Bollvla, Ecuador, Honduras,

Argentlna, Brazll. Cuba, Nlcaragua, Domlnlcan Republlc, st Lucla. Honduras and

Antlgua and large numbers are now belng planted In and Haltl In addltlon to the

ongolng experlmenta1 cultlvatlon of neem In Puerto R1CO and the U S Vlrgln

Islands in the Carlbbean area. plantlngs In southern Florlda are thrlvlng. and the

field cu1tlvatlon of neem In Oklahoma. southern Callfornia, and Arizona has begun

(Jacobson. 1986, Ahmed and Gralnge, 1985, Radwanskl and Wlckens, 1981,

Radwanskl, 1977a, and Granvsholt, et a1 • 1967)
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ADAPTATION

Heem grows well from sea level to over 670 meters (2,000 feet), and can be

establlshed ln hot and dry reglons wIthout lrrlgatlon Heem thrlves under

subhumld to seml-arld condltlons and can be establlshed ln areas wlth an annual

ralnfall of 450-750 rom (18-30 lnches) Optlmum growth lS obtalned ln hlgher

ralnfall areas (1150 rom), 130 rom per year lS sufflclent for survlval (NAS, 1980),

but lt needs 450 rom to to grow successfully It grows where maxlmum shade

o 0temperature may be as hlgh as 49 C (120 F), but lt does not stand exceSSlve

cold Neem lS frost-tender, especlally ln the seedllng and sapllng stages, but lt

lS grown ln frost zones of the sub-Hlmalayan tract by protectlng seedllngs durlng

the wlnter wlth screens (Radwanskl, 1977a) Flre often kliis lt outrlght (Ketkar,

1976, Radwanskl and Wlckens, 1981) Accordlng to Gorse (1986), lt lS not a very

soclable tree, does not grow well ln pure stands (plantatlons ln Afrlca often dle

out ln 3-10 years), and lS very competltlve for water and sOlI nutrlents, thus

doesn't grow well on marglnal sOlIs

Neem seems to grow best ln deep sandy sOlIs that are well dralned, but can

grow ln practlcally all sorts of sOlI, lt thrlves on black cotton sOlI ln Indla

and does not do badly even on clay It does better than most specles ln dry

localltles, on sandy, stony shallow sOlIs wlth a waterless subsoll or ln places

where there lS a hard calcareous or c1aypan (hardpan) not far from the surface

However, neem w11l grow much better 1f thlS hardpan 1S broken up before plant1ng

Occaslona1ly, neem w1ll 1nlta1ly grow well on sOlIs that appear to be sandy, but

qUlckly dIe out when roots hIt a deep layer of dense clay Neem can grow even on

sallne and on alkalIne "usar" sOlIs (ICOC, undated), however, neem has been
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reported to be susceptlble to moderate sallnlty ln the Sudan (Jackson, 1976)

Thus wlthln the specles, some provenances must be more genetlcally tolerant to

salinlty than others F1ShwlCk (undated) observes that the best neem growth lS

found on sltes wlth a sOlI pH of between 6 2 and 1+

Neem does not tolerate waterlogged sOlls, and does not do well on sOlIs wlth

lmpeded dralnage and on sOlls subJect to lnundatl0n Growth lS not good on poorly

dralned sOlls, because the taproot tends to rot and the trees gradually dle In

Nlgerla, De JUSSleu (1963) reported that the best neem groves grew where the water

table was 1 5 to 1 75 m down, at 25m, the groves were only medlocre, and at 8 m,

the groves dled out In hlS report, the method of plantlng the neem trees was not

glven, and ln many places ln Afrlca lt was commonplace to establlsh p1antlngs by

stump cuttlngs, whereby the tap root was pruned When thlS lS done, a normal

length tap root wlll not regenerate, and the tree develops extenslve lateral root

systems wlth only pseudo-taproots developlng that do not penetrate deep lnto the

SUbSOll In some sOlls, the water table markedly rlses durlng the ralny season,

and lf thlS rlse perslsts, the roots of neem trees may smother

Neem does not grow well ln sOlIs wlth hlgh proportl0ns of very flne sand or

SlIt or flnely dlvlded mlca, the yellowlng of leaves lS often followed by death

(Radwanskl and Wlckens, 1981) However, thlS may have been the result of nutrlent

deflclency [See sectlon on TOXICITY, PESTS, DISEASES and LIMITATIONS] In

Nlgerla, where systematlc tests have been conducted, lt was observed that very

successful neem groves could be found ln sOlls havlng a hlgh clay content (61~),

whlle trees dled out on sOlIs wlth a hlgh sand content (83~) (De Jussleu, 1963)
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It has been planted on plantatl0n scale In Nlgerla Slnce 1936 Host of the

forests In the Sokoto reglon are of thlS speCles The lntroductl0n of neem to

Sokoto was clted as the greatest boon of the century The tree grew qUlckly and

met the local demand for flrewood, poles for house constructlon, and fence posts,

ln addltl0n to provldlng welcome shade ln towns and vlliages (Senlor Resldent,

1948) Gorse (1986) states that neem lS often the preferred speCles for plantlng

In seml-arld areas because anlmals do not readlly browse lt, and when they do,

mortal1ty 1S low and neem recovers rap1dly However, Welle (1985) reports severe

stuntlng of neem glrdled from bark feed1ng by goats

WOOD

The wood of neem lS beautlfully mottled, rather uneven and narrowly

1nterlocked, medlum to somewhat coarse textured and moderately heavy, wlth a

speclflc gravlty of adult wood from 0 56 to 0 85, averaglng 0 68 (NAS, 1980)

Because the wood has a hlgh calorlflc value, lt lS excellent both for fuelwood and

charcoal and the smoke of the burnlng wood lS sald to have a hlgh lnsect-repellant

effect In many ways lt resembles mahogany (Swltenla mahoganl), but lacklng the

smoothness of the graln and workablllty under tools The sapwood 1S greylsh whlte

and the heartwood red when flrst exposed to the atmosphere and sunl1ght, fadlng to

redd1sh brown, dull to somewhat lustrous espec1ally on the beautlful narrow rlbbon

str1ped radlal surface, but med1urn to somewhat coarse-textured

The tlmber seasons well and 1S durable even In exposed sltuatlons Because

of ltS reslstance to pests and does not rot easlly, neem wood makes excellent door
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panels, sash frames, poles and fence posts and other bUlldlng materlals, however,

It has llmlted value for constructl0n, because the logs are too short ThlS could

be partlally overcome through genetlc lmprovement by selectlng and reproduclng

trees wlth maxlmum clean bole helght

The wood lS not subJect to much shrlnkage and It lS used also for making

carts, agrlcultural lmplements, low quallty furnlture (the wood has an offenslve

odor) and toys Trunks and chests made of neem wlthstand the attacks of termltes

and reslst woodworms, and are sald to render thelr contents reslstant to other

lnsects (Radwanskl and Wlckens, 1981) Neem makes excellent fence posts because

of ltS reslstance to pests and does not rot easlly Neem can also be chlpped and

used for composlte board and paper (NAS, 1980)

The tlmber seasons well and lS durable even ln exposed sltuatlons It lS

sUlted for door panels, sash frames, poles and fence posts and other bUlldlng

materlals, however It has 11m1ted value for constructlon, because the logs are too

short ThlS could be partlally overcome through genetlc lmprovement by selectlng

and reproduclng trees wlth maxlmum clean bole helght

SILVICULTURAL AND PLANTATION CHARACTERISTICS

In Ind1a, neem lS generally found ln mlxed forests So far, llttle 1S known

about the behav10r of neem 1n plant commun1tles and 1tS ecolog1cal potentlal and

lim1tatlons Neem seems to do much better on an lsolated basls than 1n full

groves, and grows beautlfully along roadsldes, or as lsolated shade trees It
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also does well In mlxed specles plantlngs and In relatlvely well spaced rows

(approxlmately of 3 meters apart) along contour llne d1tches (De Juss1eu. 1963)

M1chel-K1m and Brandt (1981) report that exper1ence In Indla and Afrlca lnd1cates

that neem may not be sU1ted for monoculture ThlS content1on lS supported by

Gorse (1986). who states that neem lS not a soclable tree and plantat10ns often

d1e after 3-10 years. espec1ally on poorer sltes One explanatlon for thlS

varlance lS that neem lS very demandlng on both water and mlneral nutrlents. and

on sOlIs where nutrlents are llmlted. thus neem wlll not do well In monocultural

plantat10ns on poor sltes

Ind1v1dual neem trees are reported to llve for 200 years (Ketkar. 1976)

However. Gorse (1986) contends that neem needs to be pruned or lt wlil d1e-back.

Wh1Ch can be avolded by pollard1ng the tree Many report neem grow1ng well 1n

monoculture 1n plantat10ns (Gravsholt. et al • 1967. F1ShwlCk, undated. McComb,

1967. Kemp, 1970)

Neem grows better wlth shade 1n 1tS early stage of growth. but demands 11ght

as lt matures Therefore. lt has a great capac1ty for push1ng 1ts way through

thorny scrub In ltS youth Welle (1985) reports neem growlng exceed1ngly well In

plantat10ns In Halt1 where Leucaena leucocephala lS lnterplanted as a nurse crop.

wlth trees hav1ng a better form (the elephant-foot stump type growth wlth a large

taper lS reduced) Radwansk1 and W1ckens (1981) report that transplants are

11kely to be ser10usly 1nJured by develop1ng leaf spot (cloros1s) as a result of

1nsolatlon (grown In full sunl1ght). thus neem does best ln lts earller years when

planted w1th a nurse crop However once mature, neem does best 1n full sunllght.

and does not do well as an understory
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GROWTH

Deem 1S reported to grow relat1vely fast, but var1es greatly depend1ng upon

its env1ronment, slte character1st1cs and the genet1c capab1l1ty of the plant

mater1al Slower growth results at h1gher elevat1ons, at colder temperatures and

on dr1er sltes Radwansk1 (1977a) reports that 66~ of the tree's total growth

occurs In the flrst three years, dur1ng WhlCh lt reaches a helght of 4 to 7 m, lt

reaches 5 to 11 m In the followlng flve years Seedllngs show moderate

development, ordlnar1ly reachlng a helght of 10-20 cm (4-8 lnches) by the end of

the flrst year As a rule, trees put on a mean-annual glrth lncrement of 2-3 cm

(0 9-1 2 lnches), though more rapld growth lS obtalned under more favorable

cond1t1ons De JUSS1eu (1963) reports that 1n 1rr1gated groves In Ind1a, 16 year

old neem trees reached d1ameters over 40 cm, but trees grown In th1S way break

more easlly and are subject to wlnd damage Under med10cre cond1t1ons, the

average d1ameter of trees In a 44 year old grove was 25 5 cm, and average helght

was 105m In Afrlca, 1t 1S generally assessed that at 1 year In good sOll, a

grove reaches a he1ght of about 15m, at 2 years a he1ght of 2 m, and dur1ng the

4th year trees reach a d1ameter of 7 to 8 cm and a he1ght of about 4 5 m

F1Shw1Ck (undated) notes that on poor sltes, there was eV1dence that neem

stagnated after the f1rst 5 to 6 years, and for th1S reason rotat1ons were reduced

to 7 years, WhlCh appeared to be more prof1table Furthermore, 1t appears that

the cr1t1cal t1me 1n the development of the trees In the plantat10n occurs when

crowns beg1n to touch the 3rd or 4th year w1th a spac1ng of 8 ft (2 44 m) X 8 ft,

and 5th and 6th year at a spaclng of 15 ft (4 57 m) X 15 ft, thus on poor sltes

the w1der spaced trees would cost less to plant, be larger and have a greater
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(Comparlng two plantatlons on poor sltes, the value of the trees

at the Wlder spaclng was 4 tlmes greater )



Commonly 1n West Afr1ca. plantat10ns are cropped on an

30 1n)
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Accord1ng to K1che1-K1m and Brandt (1981). the y1e1d of neem var1es between

10 and 100 tons of b10mass (dr1ed mater1al) per hectare per year. depend1ng upon

3
ra1nfa11. site cond1tions and spac1ng. and 40 tons [125m SOlld wood/ha/yr

(based on 1m3 = 800 kg)] can be ach1eved eas11y under the proper cond1t10ns

About 50 percent of the bl0mass lS contalned In the leaves. about 25 percent In

the frult, and 25 percent 1n the wood

Gravsholt et al (1967) reports that the f1rst rotatlon yleld 1n Ghana was 30

3to 38 cords of fuelwood per ha (approxlmate1y 13 5 to 17 m Iha/yr SOlld wood).

and In Samaru 1n northern N1ger1a, 7 5 to 67 cords (approxlmately

32 4 to 21 m /ha/yr)

8-year rotat10n, wlth a spaclng between trees of 8 ft X 8 ft (24m X 24m)

F1ShwlCk (undated) reports that on more sUltable sltes 1n Bornu PrOV1nce 1n

3 3
Nlgerla. the yleld was 15 to 27 cords per ha per year (135m to 243m solid

wood) on a 7 year rotatlon The plantatlon spaclng was 8 ft (2 43 m) X 8 ft. and

slte condltlons lncluded sOlls comprlslng dr1ft sands wlth a pH rang1ng from

5 0 to 7 5, and a mean annual ra1nfall varylng from 380 rom to 762 rom (15 to

An average annual y1e1d for all plantatlons was 7 to 15 cords/ha (63m3

In Nlger1a. neem poles are In great demand for house constructlon

and fence posts because they are sem1-res1stant to term1tes. poles there realize a

greater pr1ce than fuelwood



- 15 -

McComb (1967) ~epo~ts plantatlon ylelds In Samaru, Zarla, Nlgerla, of 300 to

3 32250 ft pe~ acre fo~ the flrst 8 yea~ rotatlon crop (2 55 to 19 67 m Iha/yr

SOlld wood), and 350 to 2250 ft3/acre (3 to 19 67 m3/ha/yr) for the 8 year

copplce crops on the same plantatlons [The lower ylelds were for class IV sltes,

whlle the hlghe~ ones were for class I sltes, and the spaclng batween t~ees was

24m X 24m 1 Interestlngly, the flrst 8 year rotatlon crop on class I

3plantatlon sltes showed an average lncremental g~owth rate of 350 ft Iyr (after

3the second yea~), whlle the copplce crop ave~aged only 250 ft Iy~ The~e were no

slgnlflcant g~owth rate no~ Yleld dlfferences on the class IV sltes, and on the

class I sltes the volume of the copplce growth by the 3~d yea~ was almost equal to

the growth by the 5th year of the fl~St 8 year rotatlon c~op

Radwanskl (1977c) glves the ylelds of the MaJlya plantatlon near Sokoto,

Nlgerla, as 520 ft 3 per acre of fuelwood after 7 years (5 2 m3/ha/yr), and

after Copplclng, 820 ft 3 SOlld volume of fuelwood and 290 ft3 SOlld volume of

3tlmber per acre (total yleld of 86m /ha/yr) The plantatlon was planted In

1945 wlth "open-root" neem seedhngs (assumed to mean bare-root), spaced 6 ft X

6 ft (approxlmately 18m X 18m) The average annual ralnfall In thlS reglon was

31 In (787 mm) wlth a maxlmum of 47 In (1194 mm) to a mlnlmum of 20 In (SOB mm)

Welle (1985) reports that trees grown In plantatlons In Haltl at 4 years of age

3ylelded an average of over 1 pole and 0 09 m of fuelwood, but the volume of the

pole was not glven Radwanskl (1977d) glves a volume of 1 05 m3 for neem poles

In one plantatlon In Nlgerla, whlle McComb (1967) reports a pole volume ranglng

from 37 to 85~ of the total wood produced
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COPPICE

F1Shw1Ck (undated) reports that plantat10ns 1n N1geria were cut to a stump

height of 8 cm (3 in), and copp1ce from such low stumps is less 11kely to suffer

from wind damage than from h1gher stumps H1gher stumps also have a h1gher

inc1dence of dy1ng off Gorse (1986) observed that by cutt1ng at a stump he1ght

of 1-2 meters, the number of poles produced by copp1ce w111 1ncrease Early

growth 1S faster from copp1ce than from seedl1ngs, reach1ng a he1ght of 8 5 meters

(28 feet) 1n 3 years after cutt1ng However, 1n N1ger1a, the he1ght of 8 year old

copp1ce was reported to have only equaled that of 8 year old trees started from

seedl1ngs In plantat10ns there, trees reached a he1ght of 7 meters (23 feet) 1n

3 years and 12 meters (40 feet) 1n 8 years ApproX1mately 66 percent of he1ght 1S

ach1eved 1n the f1rst 3 years after plant1ng (Department of Forest Research,

1967) Radwansk1 (1977a) recommends a copp1ce management system every 3 years for

max1mum b10mass y1eld based on the observat10n that 66~ of the tree's growth

ocours 1n the f1rst 3 years However, th1S mer1ts further research, Slnce much

faster growth of copp1ce occurs once the root system 1S establ1shed, and a much

shorter rotat10n may glve a m8X1mum y1eld

THE CHEMICAL

Azad1racht1n acts 1n two ways f1rst as ant1feedants and repellants, and

second, when some 1nvad1ng 1nsects manage to get past th1S barr1er and reach the

treated crops, elther they d1e on the spot or thelr hormone balance and genetlc

makeup are so dlsturbed that they become permanently lncapacltated and unable to

fend for themselves and breed normally (Radwansk1 and W1ckens, 1981,

Jacobson, 1983)
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There 1S t however. a falrly rapld photo-degradat10n by sunllght of

azad1rachtln after f1eld appllcatlon V1kwood Ltd of Sheboygan. WlsconSln has

Beltsv1lle. Maryland

developed a shelf-stable pest1c1de through collaborat1ve efforts of the USDA 1n

TKThe f1rst product manufactured 1S KARGOSAN-O wh1ch was

patened for 1tS stab1l1zat10n enhancement as well as the processing method 1n

December. 1985 The product 1S cla1med to be effect1ve at least one year under

normal shelf-l1fe cond1t10ns (Larson, 1986) It 1S thought that th1S chemlcal

cannot be economlcally syntheslzed because 1ts structure 1S so complex

Azad1racht1n can be extracted from neem seeds 1n pure form (Jacobson. 1983)

System1c Act10n -- Investlgatlons by G1ll. LeW1S and Chadha (undated. 1971. 1972.

1977) revealed systemlc uptake and translocat1on of azad1racht1n and other neem

seed extracts 1n plants Systemlc uptake of azadlracht1n was demonstrated 1n bean

plants. wheat, barley, r1ce. sugar cane, grass, tomatoes. cotton, chrysanthemum

and small sp1ndle trees Pers1stence of 1000 ppm of seed dust to dry sOlI we1ght

lasted over four weeks and at 1~ for over 10 weeks Even when washed under a

slmulated ra1n of 20 1n (50 cm), the SOlI reta1ned sufflc1ent act1vlty to protect

bean transplants The transplants transferred from treated to clean SOlI remalned

protected for two weeks agalnst the desert locust (SCh1stocera gregar1a)

PESTICIDE

Efforts to 1ncrease food crop productlon are frustrated by many problems, pest

damage ranks among the most serl0US Over 20,000 spec1es of f1eld and storage

pests destroy approx1mately one-th1rd of the world's food productlon annually,

valued at over $100 b1lll0n (McEwen, 1978)
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In developlng countrles, lnadequate product knowledge, supply uncertalntles,

and hlgh pr1ces cause 1neff1c1ent pestic1de use and also create addlt10nal

socioeconomlc problems between the "haves" and the "have-nots" (Herdt, 1979)

Alternatlve strategies, espec1ally those Wh1Ch are effect1ve and low-cost, are

thus needed Azadlrachtin, extracted from neem seed, may play an inportant role

in thlS respect (Brady, 1982)

Unl1ke most of the present pest1c1des on the market, azadlrachtln 1S not known

to pollute the envlronment, and 1S nontoxlc to man and most plants and an1mals

The Env1ronmental Protect1on Agency recently approved the use of an azad1racht1n

THpest1c1de (to be marketed under the trade name Kargosan 0 on non-food crops,

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

Jacobson 1983, 1985)

TH
Larson (1986) reports that Margosan 0 1S a shelf-stable pest1c1de that 1S

non-tox1c to humans, domest1c an1mals, b1rds and honeybees Low concentrat1ons of

act1ve extracts from seed kernels, act1ve aga1nst sp1der m1tes, were found to be

nontox1c aga1nst the1r predators--E pers1m1lls, and the sp1der, £ m1ldel

(Mansour, et al , 1986)

Although all parts of the tree are repellant to 1nsects, azad1racht1n,

extracted from the seed, lS outstand1ng as a repellant and feed1ng deterrent for a

broad spectrum of econom1C agr1cultural and household 1nsects The pestlc1dal

qual1t1es of azad1racht1n 1S well documented 1n the Proceed1ngs of the F1rst and

Second Internat10nal Heem Conferences (GTZ, 1981 and 1984) The b10log1cally
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actlve constltuent, azadlrachtln, lS found ln small amounts 1n aqueous and ln

larger amounts ln organlc extracts of neem leaf, frult, and bark, but malnly ln

the seed Mlnor pestlcldal components are the terpenlods salannln and mellantrlol

Klnds of Pests -- Azadlrachtln reportedly controls over 131 specles (60 ln the

US) of 1nsects, mltes, and nematodes--1ncludlng such economlcally 1mportant

pests as the desert and mlgratory locusts. rlce and ma1ze borers, pulse beetle and

rlce weevll, rootknot and reneform nematodes, and Cltrus red mlte Modes of

control lnclude antlfeedant, growth regulatory, repellant, through hormonal

dlsruptlon, or pestlcldal actlon, and ln larval as well as adult stages of these

pests (ICOC, undated, Gralnge, et al , 1984, GTZ, 1981, Radwanskl, 1977a, Ketkar,

1976, Warthen, 1979)

Azadlrachtln deters at least 45 speCles of crop pests ln the Unlted states

from feedlng, lnhlblts the growth and development of others, and render others

sterlle Such lnsects lnclude the Gypsy moth that plagues the forest lndustry,

leafmlner that lS one of the most serlOUS pests faclng U Sand forelgn commerclal

flower producers, Colorado potato beetles, Japanese beetles, scale lnsects, cotton

bollworms and coakroachs The Envlronmental Protectlon Agency has approved the

use of an azadlrachtln pestlclde (to be marketed under the trade name Margosan 0)

for use on non-food crops, and approval for use on food crops 1S expected ln the

near future (Jacobson, 1983, 1985)
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Locusts and Grasshoppers -- The earl1est report 1n sC1ent1f1c llterature on

neem as an 1nsect repellant 1S perhaps that of Hann and Burns (1927) who observed

that dur1ng the 1926/27 locust cycle 1n Ind1a, no feed1ng by the adult was

observed on neem leaves Further research In Ind1a showed neem's effect1veness as

an ant1feedant for locusts (Pradhan et al , 1963, Lav1e et a1 , 1967, Pradhan and

Jotwan1, 1968, Butterworth and Horgan, 1971, Attr1, 1975, Batra, 1979) The f1rst

opportun1ty to test laboratory f1nd1ngs under fle1d cond1t1ons was In 1962 at the

Indlan Agrlcultura1 Research Inst1tute (IARI, 1962) dur1ng an 1nvaSlon of desert

locust when large areas of d1fferent crops were glven a protect1ve spray of neem

seed suspens10n No feed1ng was observed on the sprayed crops, wh1le 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

wlth a neem seed suspens10n [at a level of concentratlon as low as 19r 1n 1 lltre

of water--O 001~]

The sulphur conta1n1ng llqU1d fractlon of neem seed cake has also shown to be

effectlce as a ant1feedant agalnst m1gratory locusts (Radwanskl, 1977c) 1000 ppm

of ground neem seed dust to dry SOlI we1ght lasted over four weeks and at 1~ for

over 10 weeks

In Israel, azad1racht1n lnJect10ns lnto the 5th (last) 1nstar of mlgratory

locusts prevented molt and resulted In overaged nymphs that d1ed after 70 days

Hales were unable to copulate (Ascher, 1986)
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In the Federal Republic of Germany, molt1ng of m1gratory locusts was delayed

and 1nh1b1ted by minute doses of azad1rachtin, and inJect10ns into females during

the f1rst four days after eclos10n retarded or completely 1nh1b1ted oocyte

maturat10n (Rembold, et al , 1986)

In N1ger1a, pass1ve extracts of neem were found to be effect1ve as an

ant1feedant aga1nst the var1egated grasshopper, Zonocerus var1egatus (L ), and

when comb1ned w1th the pass1ve extract of P1per gU1neese, th1S produced a

slgn1f1cant, h1gh mortal1ty in the test insects (01a1fa and Ak1ngbohungbe, 1986)

Leafm1ner -- The USDA in a "commerc1al greenhouse exper1ment" compared the

efflcacy of neem seed extract, azadlracht1n, used as a sOlI drench, to a

comblnat10n of insect1c1des used by growers and to an experimental, highly potent

1nsectic1de, cyromaz1ne (Tr1gard) The 1nsect exarn1ned was a leafminer, LirlmYZa

tr1fol11, Wh1Ch attacks vegetable and flower crops, and 1S one of the most seriOUS

pests faCing cornmerc1al flower crop producers 1n the U S and abroad The

exper1ment was conducted 1n an 1nfested comrnerc1al greenhouse and USDA found that

under these real-world condit1ons 0 4~ azad1racht1n caused more mortality than dld

the most cornmon 1nsectic1des used by the growers, and caused as much mortallty as

d1d cyromaz1ne (Larew, 1986)

Gypsy Hoth -- Skatulla and Heisner (1975) demonstrated that larvae of the

gypsy moth (Lymantria dispar) are highly sensltive to different concentrations of

an aqueous extract of neem kernel 1ncorporated 1n an artlficial dlet All larvae

dled with1n 18-21 days, and a 100~ mortal1ty was obta1ned after 30 days of
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Moreover. after feeding on neem-treated diet the moltlng process of

larve was inhlbited The affected larvae were unable to liberate themselves from

the old larval skin and head capsules, and died Simllar results were obtained

when leaves of Quercus robur were sprayed under field condltions with a 0 5~

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

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

on the control leaves)

Riee Insect Pests -- Neem seed derlvatlves are promlslng for use against

rice pests. such as suck1ng 1nsects--the green leafhopper. Nephotettlx V1rescens

(D1stant). the brown planthopper N1laparvata lugens (Stal), the wh1tebacked

planthopper Sogatella furc1fera (Horvath). and the rlce bug (Leptocor1sa orator1us

(F ). and fOllage feeders--the rlce leaffolder Cnaphalocrocis med1nalls (Guenee).

the ear-cutt1ng caterpillar Myth1mna separata «Wlk ). and the r1ce armyworm

Spodoptera maur1t1a acronyncto1des (B01Sd) Insects were found to feed far less.

grow poorly. and lay fewer eggs 1n rlce plants treated wlth the 011. cake.

extracts or pur1f1ed fract1ons. such as azad1racht1n. and the1r formulatlons

(Saxena. 1986)

TMCockroaches -- Margosan 0 • a commerc1al preparation of neem seed

extract. was tested for 1tS effects as a tox1cant. growth 1nh1b1tor. or repellent

aga1nst SiX spec1es of cockroaches--Blattadoriental1s L • Blattella germanica

(L ). Byrstria fum1gata Guer1n-Meneville. Gromphadorh1na portentosa (Schaum).

Per1planeta amer1cana (L ). and Supella 10ng1palpa (F) (Orthoptera Blaber1dae,

Blattidae, and Blattell1dae) Last-instar nymphs of these speC1es fed Lab-Chow
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pellets lnpregnated wlth neem extract at a rate of 0 5 ml/pellet showed lncreased

mortallty and retarded development All Ist-lnstar nymphs of ~ orlentalls.

~ germanlca and ~ longlpalpa dled after consumlng treated Lab-Chow pellets

Toplcal appllcatlon of 2 ul of Margosan-O to the abdomens of last-lnstar

~ orlentalls nymphs, as well as lnJectlon of 0 5 ul, resulted 1n reductlon of

growth and lncreased mortallty Plnt cardboard cartons treated wlth 1 5 ml

extract repelled adult E amerlcana (Adler and Uebel, 1985)

CHEMICAL CONTENT OF THE SEED

The azadlrachtln content of the seed may depends upon one or a number of

var1ables, and lt lS dlfflcult to determlne Wh1Ch one(s) All neem germplasm

orlglnates 1n the Burma-Indla area, therefore, the dlfferences 1n azad1racht1n

content may be determ1ned genetlcally and may be envlronmentally tr1ggered or

lnfluenced, perhaps by heat and/or water stress, hlgh humld1ty, h1gh or low levels

of ralnfall, or SOlI nutrlent content Azadlrachtln content may also vary greatly

dependlng upon the age of the tree, when the seed 1S plcked, how lt lS drled,

stored, shlpped, exposed to llght, heat or cold, etc Some thlnk azadlrachtln

content of seed from trees 5 or more years of age 1S hlgher than that from younger

trees The only way thlS can be determlned 1S by sClentlf1cally not1ng the

enVlronment where the trees are grow1ng (altltude, SOlI type, latltude, ralnfall

and pattern, e g , was the tree water-stressed before f~ltlng?), determlnlng the

age of the tree, collectlng all seed at the same age or stage after frultlng

(green, r1pe but stlll on the tree, fallen to the ground), and clean1ng, drylng,

storlng, handl1ng and analyzlng the seed ln the same manner
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Jacobson (1986) analyzed seed f~om some va~ieties f~om India that contained

only 1-3~ of the chemical, while seed f~om Af~ica tested at 5-6~, and some as high

as 9~ Also collections of neem seeds (~ea~ed f~om Togo-b~ed seeds) ln June and

Septembe~ have shown that the seeds f~om olde~ t~ees contain la~ge~ quantltles of

pestlcldal compounds, especially azadi~achtin E~el et al (1986) analyzed seed

f~om 66 sou~ces The highest contents we~e measu~ed in samples f~om Nica~agua and

IndoneSia, showing 4 8 and 4 85~ azadi~achtin, ~espectively Hlgh contents we~e

also measured ln kernels f~om Togo, Indla, Bu~a and MauritiUS 3 3-3 9~, whe~eas

samples from Sudan and Niger gave lower ylelds, 1 9~ and 1 5~ The lncubatlon of

kernels under lncreaslng temperatu~es and hlgh alr mOlsture resulted in

time-dependent decrease of the azadl~achtln contents The exposition of extracts

toward sunlight and ultravlolet ~adiation also decreased the azadirachtin contents

~emarkably Slngh (1986) notes that an attempt to co~relate the antlfeedant

efflcacy wlth extract yleld and 011 content and these three factors wlth

enVi~onment often failed However, lt was observed that seeds from neem t~ees

growing in dry areas near the desert possessed much hlgher blological actlvlty

than those from trees growing in coastal areas

COMMERCIAL ECONOMIC FEASIBILITY

Establlshlng neem plantatlons and ext~acting azadlrachtin f~om the seed in a

developing country, such as Haltl, and p~oduclng thlS pestlclde commerclally ln an

indust~ialized country, such as the Unlted States, seem to be economically

feasible and attractive Vikwood Ltd expresses the amount of azadi~achtln in the

seed in micrograms per gram, and they tested seed from varlOUS areas and obtained
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a range varYlng from a low of 0 05 mg/g ln some Carlbbean seed to a hlgh of 6 2

mg/g 1n some Afrlcan seed Indlan seed from several sources dld not exceed 0 2

mg/g (Larson, 1986) USDA analyzed seed from some varlet1es from Indla that

conta1ned only 1-3~ of the chemlcal, whlle seed from Afrlca tested at 5-6~, and

some may be as hlgh as 9~ (Jacobson. 1985) Neem or1glnated 1n the Burma-Ind1a

area. therefore, the hlgh azad1racht1n content of the Afrlcan seed would elther be

a genet1c variance (perhaps environmentally tr1ggered), age of the tree and/or

t1me of picking, a result of handllng (cleanlng, drying, stor1ng or shiPPlng) of

the seed, or perhaps a combination of all of them

Commercial operations may demand a more Sophlstlcated and costly extractlon

method than that belng used ln cottage lndustrles in Indla Azadlrachtln should

be extracted from the whole seed with alcohol, Wh1Ch would yield more of the

chemical

The profltablllty depends upon several factors lncludlng the percentage of

azadlrachtln that the seeds yleld, the number of fruits that each tree ylelds, the

number of trees that a hectare of land can support (influenced by mOisture and

sOlI fertility, type and depth), the costs of plantation establlshment, management

and malntenence, and the cost of process1ng thlS chemlcal

To maXlmlze p~ofitability, planting stock used for plantatlon establishment

must be selected f~om the best genetic material from plus t~ees that produce a

maXimum number of fruits of optimal slze, we1ght and azadlrachtin content (see

section on Research Needs)
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Productl0n can also be enhanced by fertlllzlng neem plantatlons and by

irrlgatlng them (preferrab1y by drlp lrrlgatlon) on nutrlent stressed sOlIs Neem

productlon lS retarded by nutrlent deflclencles (see sectlon on TOX1C1ty. Pests.

D1seases and Llm1tat10ns). and through dr1p 1rr1gatlon. water needs are m1nlm1zed

and amounts can easlly be controlled 1f 1t 1S found that azadlrachtln productlon

can be lncreased by stress1ng trees at fru1t1ng tlme (see sect10n on Research

Needs)

To demonstrate potent1a1 prof1tab1l1ty of pest1clde product1on from neem trees

and to emphas1ze the lmportance of uS1ng the best posslble genetlc mater1al. the

followlng low-h1gh var1ables are used (1) numbers of trees per hectare, 225-400.

(2) azadlracht1n content, 2-9~, (3) fru1t y1eld. 25-50 kg per tree. and wholesale

prlce of azadlracht1n. $80-160 per kg (these are arbltrary flgures and do not

reflect the pr1ce of azadlrachtln) (For cost compar1son Accord1ng to the August

11, 1986. Chem1cal Harketlng Reporter, 20~ purlf1ed pyrethrum was selilng for

approxlmately $82 50 per kg ($37 50/1b) It 1S assumed that plantat10ns would

beg1n produc1ng after 5 years. reachlng full product1on at 10 years Although

speculat1ve. an est1mated yleld of 25 kg per tree at year 5. graduatlng to 50 kg

per tree at year 10. 1S one var1able cons1dered
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GROSS PROFIT PER HECTARE PER YEAR

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

225 X 02 X 25 X 80 = $ 9,000 $ 16,020
225 X 09 X 25 X 80 = 40,500 72,090
225 X 02 X 50 X 80 = 18,000 32,040
225 X 09 X 50 X 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 lnterested 1n neem pest1c1de product1on wouldn't have to to walt to

establlsh plantatl0ns 1n a developlng country Countr1es such as Ha1t1 already

have a large number of neem trees planted along roads for aesthetlcs and shade and

1n plantatlons for wood and pole product10n A commerclal operatlon could begln

by purchaslng frultS, seed or kernels for azad1rachtln productlon from farmers and

the landless as 1S done 1n Indla

The cost of establlshlng, managlng and malntalnlng plantat10ns can partlally be

offset by plant1ng a h1gher dens1ty of trees ln1t1ally On good sOlIs wlth

adequate m01sture In Ha1tl, neem plantatlons were establ1shed at a spaclng of 2 5 X

2 5 meters (1,600 trees/ha) for wood productl0n, and at 4 years of age, each tree

3Yle1ded 1 pole and 023 m of flrewood In Haltl, neem poles sell for U S $1 00

ea and flrewood for $8 00/m
3 (Welle, 1985) If plantatlons establlshed for

azadlrachtln productlon were f1rst closely spaced at 2 5 X 2 5 meters, and then at

year 4 thlnned to 5 X 5 meters (400 trees/ha), a gross proflt of $1,420 could be

reallzed from the wood th1nnlngs, based on the Haltl Yleld estlmates and prlces
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A PESTICIDE FOR DEVELOPING COUNTRIES

In less developed countr~es, the 1nadequate knowledge of a product,

uncerta~nt~es of 1ts supply and h~gh pr1ces often lead to the 1neff1c1ent use of

1ts product (Herdt, 1978) Furthermore, the soph1st~cated technology and h~gh

1nvestment needed for the research, development and manufacture of synthet1c

pest1c~des preclude the1r producton 1n many less developed countr1es Clearly,

th~s 1ncreases the vulnerabl1lty of those countr~es to d1srupt1on 1n the~r

suppl1es of pest~c1des due to natural or man-made causes (Ahmed and Gra~nge, 1985)

Accordlng to Ahmed and Gra1nge (1985), approx~mately 60-150 kg of neem leaves

would be ample to protect 2-3 metr1c tons of gra1n 1n storage [About 50-200 kg

of neem cake would be needed to protect one hectare of paddy 1n the f~eld] Thus,

2-3 neem trees may be sufflc1ent to prov1de materlal to protect one hectare of a

crop 1n the fleld and 1ts harvest 1n storage Sr~vastava and Bhanotar (1983)

est1mates that 19 mt of neem leaves per hectare (7 ton/acre) w~ll protect a wheat

crop from term~te attack

The Tongolese Republ1c's Hlnlstry of Rural Development (undated, a & b) has

publlshed two appropr1ate technology pamphlets on "The Preservat10n of Beans

(Cowpeas) wlth Neem 011," and "Treatment of Cabbage and Gboma Agalnst Pests w1th

Neem Seed Extract" that mer1t close exam1natl0n for use 1n other developlng

countr1es as a med1a to poplar1ze th1s technology

Graln Storage -- The use of varl0US portl0ns of neem has proven to be effectlve ln

protectlng a number of stored gralns agalnst 1nsect damage In Indla, both neem
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leaves and whole, chopped or ground seeds (kernels), often added to stored graln

to prevent 1nsect damage If the neem 1S not seperated from the graln before

cook1ng, a b1tterness 1S 1mparted to the cooked graln However, Jotwanl and

Slrcar (1967) conducted organolept1c tests on gralns that had been treated wlth

neem and stored for 12 months (2 5 parts ground neem kernels to 100 parts graln).

and after washlng and cooklng the gra1n, no taste or smell of neem could be

detected by any of the tasters Also, germ1nat1on tests on the stored graln dld

not show any lmpalrment due to treatment

Leaves -- Tradlt1onally, for stored graln pest control, Indo-Paklstanl

farmers slmply mlX 2-5 kg drled neem leaves per 100 kg graln, or they soak empty

sacks overnlght 1n water contalnlng 2-10 kg neem leaves per 100 llters of water

and then dry these sacks before f1lllng them wlth graln Some farmers also apply

ground neem leaf paste to the lnslde of thelr earthen contalners used for gra1n

storage (Ahmed, 1984)

In Ind1a, Pruthl (1937) reported that neem leaves mlxed wlth gra1n or slmply

kept over the stored graln 1n 5 to 7 cm layer gave protect10n from damage by

storage pests Reports by Lall and Hameed (1969) and Slngh and Sltarama1ah (1969)

revealed the poss1bl11ty of controll1ng nematodes by green manurlng wlth neem

leaves, WhlCh resulted 1n 50~ reductlon of root-knot nematode (lnfectlon wlth

Melo1dogyne JaVan1ca) Leaves are also placed among woolens 1n Ind1a for

protect10n aga1nst moths (Henkes, 1986)
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Neem oil -- As a graln storage pestlclde, the Khadl and V11lage lndustrles

Comm1ss1on (KYlC) In lndla recommends a neem 011 appllcat10n of 800 grams of 011

to 100 kg of seed or gra1n (after washlng) glvlng a cost ben1flt (cost of 011

we1ghed aga1nst savlngs 1n gra1n) of 5 t1mes for graln and 12 tlmes for seed

(Thery, 1978)

Powdered neem kernels -- A ratlo of up to 2 5 parts of powdered neem kernels

to 100 parts of seed [wheat, mung beans, gram, peas, cowpeas, sorgum, lentll, dal

and plgeon peas] proved effectlve agalnst 1nsect pests [~ , grubs of the khapra

beetle, Trogoderma granar1um Everts, adults of the lesser gra1n borer, Rhyzopertha

dom1n1ca Fab , rlce weev1l, Sltoph1lus oryzae L1nn , bean bruchld, Callosobruchus

rnaculatus, the pulse beetle, Callosobruchus rnaculatus] for 8-12 months (Jotwanl

and Slncar, 1965, Jotwan1 and Slrcar, 1967, Deshpande, 1967, Yadav, 1973,

lvblJaro, 1983, Can et a1 , undated)

Neem seed (kernel) extracts -- In Paklstan, neern seed extracts were found to

protect stored gralns from lnsect attacks of three specles Trlbollum castaneum

Hbst I Trogoderma granar1um Everst • and Rhyzopertha dom1nlca F The tests

revealed that the extracts lnhlblted feed1ng and repelled the lnsects, lndlcatlng

that neem seed (kernel) extracts can protect stored gra1ns from lnsect attack 1f

appl1ed to bags or earthen pots (Ghulam and Mal1k, 1973) The cost of treatment

glves a benef1t of 5 tlmes 1n the case of bags and 12 tlmes 1n the case of pots

F1eld Crops -- Mane (1968) determlned that the antlfeedlng eff1cacy changes at

dlfferent stages of growth of neem Suspenslons from over-mature fru1ts collected
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f~om the ground unde~ neem t~ees we~e found to be more effectlve as an antlfeedant

to suspenslons f~om yellow and green f~lts (The ke~els f~om green f~lts were

smalle~ ln Slze, had whltlsh pulp, we~e shrlvelled and llght b~own The second

stage conslsted of matu~e f~lts WhlCh were yellow to b~own ln colour wlth very

llttle pulp, whlle the thlrd stage comp~lsed frults WhlCh had dropped afte~

matur1ty and were dark brown wlth pract1vally no pulp, ln some cases only the seed

was left Th1S lndlcates that kernels should be taken from the f~lts Wh1Ch have

fallen off the t~ee after maturlty Another report states that the kernels should

be hard (IARI, 1983), and Sr1vastava and Bhanotar (1983) say that neem seeds can

be obta1ned from natural fallen f~lts, gathered eas1ly unde~ a neem tree durlng

fru1tlng season, and after break1ng the r1pen neem frultS, the kernels are taken

out and sun-fr1ed Drled kernels are then ground to powder L1terature

lndlcates that the blologlcal act1vlty 1n neem prog~esslvely decreases when the

kernels are stored for prolong pe~lods

Neem kernel (seed) suspenslons -- When locust swarms lnvaded DeIhl 1n 1962,

standlng crops at the Indlan Agrlcultural Research Instltute experlment satatlon

were sprayed wlth a 0 l~ neem kernel suspenSlon at the ~ate of 300-600 llters per

hectare depend1ng upon the crop and growth stage and the spray caused no damage to

the plants No feedlng was observed although the locust settled on the treated

crops In contrast, adJacent unt~eated crops were severly destroyed (Jotwanl and

Srlvastava, 1981)

In another exper1ment ln GUJarat, Indla, a Solutlon comp~lsed of a ratlo of 10

g~ams of ground kernels to 10 11tres of water was prepa~ed and sprayed on sun hemp
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(Crotalar1a Juncea) and tobacco There, the ha1ry caterp111ar (Amsacta moorp1

But ) lS a ser10US pest Plants 1n the unsprayed control were completely

defol1ated, w1th stems eaten out, but the treated plants were not consumed at all

and all the caterplllars d1ed after 36 hours (Radwansk1, 1977c)

Water suspenslons of crushed neem kernel were also used successfully aga1nst

several lnsect pests 1n N1gerla and Gambla Accordlng to Rednap (1979), 1n

Nlger1a, these slmple treatments--whlCh can be safely prepared and applled by any

farmer accordlng to h1S needs--were found to compare favorably w1th the fo11ow1ng

commerc1al 1nsect1cldes DDT, Endosulphan, DDT/BHC mlxture and Carbaryl, and 1n

Gambla they proved to be more effect1ve In some cases than the h1gh1y tOX1C

ma1ath1on In developlng countrles, neem kernel suspens10ns could to a large

extent replace convent1ona1 1nsect1c1des, part1cularly on food crops and

vegetables 1n remote v1llages where modern agr1cultural technology 1S e1ther too

expenSlve or not ava1lab1e

Pradhan et al (1962, 1963) recommended spray1ng of 0 1~ dr1ed neem kernel

suspenS10n (ten mg 1n one 11tre of water) for the protectlon of crops aga1nst the

desert locust, and also descr1bed a slmple method of prepar1ng neem kernel

suspens10ns Wh1Ch can be app11ed by uS1ng ordlnary sprayers The kernels are

obta1ned after remov1ng the hard shells of the seed should be crushed 1n a gr1nder

or household stone crusher (mortar and pestle), so as to glve as flne a product as

poss1ble To obta1n the recommended concentrat1on of 0 1~ of the suspens1on, n1ne

grams of crushed kernels should be taken 1n a cloth bag of muslln, the bag should

be d1pped 1n a bucket of water (n1ne I1tres capac1ty) and rubbed wlth S11ght
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pressure for about three to flve mlnutes, when a 11ght mllky suspens10n wlll be

formed Some res1due w1l1 be left, Wh1Ch lf 1n suff1c1ent quant1ty, can be

recrushed and the process repeated The suspenslon can be sprayed wlth any of the

conventlonal sprayers so as to ensure a thorough coverage of the fOlIage One

spray 1S llkely to keep the crop save for a per10d of about two weeks, unless 1t

1S washed out by a fa1rly heavy shower of ra1n Spray1ng at two week 1ntervals

wlll ensure contlnuous safety of the crop (or soon after heavy raln) Spray the

crop when elther the locust swarm lnvaSlon 1S lmm1nent or the hoppers are expected

to 1nvade the crop, or lmrnedlately when the crop has been 1nvaded by hoppers or

adults

Neem kernels were crushed lnto a pulp 1n a electr1c blender, and the paste

formed was dlluted wlth water and stralned through musl1n cloth Th1S produces a

fa1rly stable suspens10n Adult desert locusts were observed not to feed on

leaves sprayed wlth a neem kernel suspenSlon [at a level of concentrat10n as low

as 19r 1n 1 lltre of water--O 001~)

The chOlce of these alternatlves depends on the ava1lab1l1ty of neem seed,

spray arrangment, avallab111ty of sprayers, etc , and on the r1sk that the farmer

1S prepared to take When appl1ed at the rate of 1,200 lltres (approx1mately 240

gallons) per hectare, only 1 1 kg of kernel per hectare lS needed The cost of

the neem kernel would be negl1g1ble 1n most areas where neem 1S 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 tlme of maklng and apply1ng the spray to

areas lnvaded by locusts In the Rajasthan reglon of Indla, the flowerlng and
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f~lt1ng of neem c01nc1des w1th the locust swarm 1nvaS1on of the Thar Desert area

accord1ng to Sr1vastava and Bhanotar (1983)

Neem cake -- In Ind1a, neem cake 1S used to control a var1ety of pests

Farmers 1ncorporate 1-2 tons of neem cake per hectare lnto the sOlI to protect

eggplant from borers, and tomato from nematodes and leaf spot d1sease Two tons

of neem cake per hectare lS used as a fert1l1zer for sugarcane, and f1elds thus

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

Mlxed w1th urea, neem cake has been reported to be an excellent nematocyde

(Larson, 1986) Conclus1ve eV1dence presented In Indla shows that neem 011 cakes

(applled at the rate of about 1,800 kg/hal are effectlve on a f1eld scale In

controll1ng root-knot nematode [Kelo1dogyne JaVanlca] (Slngh and Sltarama1ah,

1966, 1969, Sharma et al , 1970)

Slnce 1978 entomologlsts at the Internatlonal Rlce Research Inst1tute (IRRI)

In the Phll1pplnes have tested neem as a source of lnexpenS1ve "natural"

lnsect1clde that causes no envlronmental damage Neem cake mlxed wlth urea has

slgnlflcantly lncreased ylelds of the lnsect-susceptlble llne of IR 1917-17 rlce

in both wet and dry seasons at the IRRI farm by reduclng the lncldence of ragged

stunt, grassy stunt, and tungro Vl~S dlseases The reductlon was probably due to

the antlfeedant effect on plant hoppers, the maln Vl~S vectors (IRRI, 1982a)

Ahmed and Gralnge (1985) state that approxlmately 50-200 kg of neem cake would be

needed to protect one hectare of paddy In the fleld [Thus, 2-3 neem trees may be

sufflclent to provlde materlal to protect one hectare of a crop In the fleld and

ltS harvest In storage ]
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Applled to experlmental rlce flelds, neem cake has reduced n1trogen losses 1n

exper1ments 1n Indla and at IRRI, apparently by Inh1b1t1ng the n1tr1f1cat10n

bacter1a that fo~ nltrate from ammonla Nltrate 1S easlly lost 1nto the

atmosphere Exp1~entat10n by Sha~a and Prasad (1980) 1n Ind1a showed that for

r1ce product1on, neem cake-coated urea IS as effectlve as sulphur-coated urea 1n

respect of graln yleld as well as nItrogen uptake, and Increased the recovery of

NItrogen Neem cake-coated urea was superlor to lac-coated urea and

sulphur-coated urea In respect to resIdual N effects (IARI, 1983)

Populat10ns of ostracods -- crustaceans that feed actIvely on

nItrogen-flxlng blue-green algae -- have also been reduced by applyIng neem cake,

thus encouraglng algal growth and subsequent nItrogen fIxatIon (IRRI, 1982a)

Neem 011 -- In tests at IRRI, 5 appllcatlons of a 25 percent neem 011

emulslon sprayed WIth an ultra low volume applIcator at 4 11ters/ha gave adequate

1nsect protectlon to a r1ce crop The cost of the neem 011 was about $5/ha

SometImes the 011 IS applIed to the ha1r 1n order to klll ve~ln (RadwanskI,

1977a)

MISCELLANEOUS USES

Neem parts and compounds are used In var10US other ways to control and repell

pests, and for medlclnal purposes
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Veterlnary -- A hlghly bl0loglcally actlve fractl0n has been seperated from fresh

neem kernels that shows remarkable antlvlral actlvlty agalnst the Ranlkhet poultry

VlruS and has blood-sugar lowerlng and antlmlcroblal propertles (Sankaram, 1986)

In Nlgerla, the Fulanl use a poultlce of the leaves to treat cattle wounds and

sores (Radwanskl and Wlckens, 1981) and the leaves are reported to have a

therapeutlc or antlhelmlnthlc effect agalnst worms In llvestock In Srl Lanka,

the 011 lS used as a fly repellent for cattle (Ganesallngam, 1986)

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

from the ravages of lnsects, but they are lnferlor to camphor for thlS purpose and

have to be renewed frequently (Radwanskl, 1977c) Neem leaves are also placed In

baskets ln WhlCh varlOUS frultS are transported from the farmland to urban markets

In many parts of Indla and Paklstan for protectlon from frult fIles and other

pests (Ahmed, 1984)

Hlchel-Klm and Brandt (1981) report that the smoke of burnlng neem leaves

keeps mosqultoes and other lnsects away, however, lt was not mentloned whether

thls lS a functlon of azadlrachtln ln the smoke or the smoke ltself

Companion seedlng -- Neem seed has also been sown together wlth other seeds

to protect the latter from lnsect damage In Berar, Indla, neem seed was dlrect

seeded along wlth seed of AcaCla arablca In llnner sowlngs uSlng a mlxture 75~ of

A- arablca seed and 25~ neem seed The seeds of A- arablca when sown alone was

found to be subject to frequent lnsect attacks The A- arablca seed when mlxed
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wlth neem seed was vlrtua11y unharmed by lnsects (Radwanskl, 1977a) In south

Indla. neem leaves are lncorporated wlth the sOll In Plts dug for p1antlng coconut

(Ahmed. 1984)

Earthworms -- Ground neem leaves and seed kernels have shown to be benlflclal to

earthworms (LurnbLlcldae), decLeaslng mOLtallty and lncLeaslng welght (RoessneL and

Zebltz, 1986)

KedlClnal and PLophrlactlc -- Heem has been used In Hlndu medlclne practlce In

Indla and elsewhere, mentloned In the earllest Sanskrlt medlcal wrltlngs, and has

been proven to possess antldlabetlc, antlbacterlal and antlvlral propertles (Dutt,

1910, Kaegau, 1952 and Luscombe and Taha, 1974) The root bark. stem bark and

young frult are used In Indlan folk medlclne as tonlc and antlperlodlc, the seeds,

011 and leaves as antlseptlc, lnsectlclde and local stlmulant, flowers as

stlmulant tonlc and stomachlc, gum as demulcent tonlc, and a toddy lS made and

used as refrlgerant, nutrlent and alternatlve tonlc Slmply slttlng under a neem

tree lS deemed healthy due to the cleanslng vapors

Compounds derlved from varlOUS parts of the neem tree are used to treat

fevers. thlrst. nausea, vomltlng, some forms of skln dlseases (lncludlng leprosy

eczema, and rlngworms), heat rash, bOlls, chlcken pox, external ulcers,

tuberculoslS, scrofula, dlabetes. wounds, stomach worms and ulcers. Jaund1ce.

hepatltls, prurlgo. urtlcarla, uLlnary dlseases, plIes. warts. and scorplon and

snake bltes TwlgS are used as tooth cleaners and for general oral hyglene

(Kltra, 1963. Radwanskl, 1977b) Heem 011 reportedly has these medlclnal effects



- 38 -

antlbacterlal, antlhelmlnthlc, antlpyretlc, contraceptlve, antlulcer, antlvlral,

antld1abet1c, antl-1nflammatory, antlmalar1al and cardlcac act1ve (Jacobson, 1986,

Radwansk1 and Wlckens, 1981) Chaurasla and Jaln (1978) found neem 011 to be

actlve agalnst all of ten bacterla tested

A program has been recently 1nltlated 1n the Unlted states to evaluate var~ous

parts of the neem tree as antl-1nflammatory and heal1ng substances 1n dent1stry,

and to determlne the1r tox1cologlcal propertles (Jacobson, 1986) Recent tests In

West Germany haveshown a bark extract to be of value ln preventlng and heallng gum

lnflammat10n And a West German flrm has patented neem bark extracts for use as

actlve lngred1ents 1n toothpastes and tooth powders (Dorla, 1981)

In Nlgerlan tradltlonal medlc1ne, Neem 011 lS a popular remedy for the

treatment of Halarla lwu et al (1986) found that neem 011 created a radox

perturbatl0n In the blooe unacceptable for the normal development of the malarla

causlng plasmodla Althouth thlS state may be an effectlve malarla treatment, It

could be potentlally harmful to the patlent

Components of neem 011 are reported to have contracept1ve effects Slnha and

Ra1r (1985) found neem 011 to completely lmmobl1lze human sperm wlthln 30 seconds

of contact And ln tests performed on numerous anlmals and 20 human volunteers,

pre-intercourse lntravlglnally-applled neem 011 completely prevented pregnancy,

with no observed lrr1taton or slde effects
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OTHER REEK PRODUCTS

Reem 011 -- In Indla, 011 from neem seed (kernels) lS chlefly used for the

manufacture of soap (approxlmately 60~), but It lS also used as fuel for lamps and

for heat, as a lubrlcant for machlnery (lncludlng the wheels on oxcarts), as a fly

repellant for cattle, for controillng headllce and for other pestlcldal uses

Heem 011 contalns over 35~ saturated fats and vlrtually no polyunsaturated aClds,

WhlCh makes It sUltable for soap manufacture (Ketkar and Ketkar, 1984) Wlth

better reflnement, lts products probably could be used for the manufacture of a

hlgh-quallty antlseptlc soap, wax and lubrlcants, and for use as a pestlclde

Neem 011 also contalns some lmportant aromatlc compounds and steroldal substances

The 011 lS a non-drYlng 011, brownlsh-yellow In color, WhlCh has an unpleasant

odor and an acrld, bltter taste The 011 contalns about 2 percent of actlve

compounds that have promlslng potentlal ln the manufacture of pestlcldal and

pharmaceutlcal preparatlons The nature, constltuents and quallty of neem 011 are

subJect to conslderable varlatlon due to the sOlI and cllmatlc condltlons and

other factors such as methods of harvestlng, storage, processlng/extractl0n and

other factors (Ahsan and Hahn, 1938) The chemlcal composltlon and physlcal

characterlstlcs of neem 011 can be found In papers by Kltra (1963) and

Coursey (1964)

Reem oil extraction -- In Indla, neem seeds (kernels) are pressed ln

mechanlcal expellers to obtaln the 011 The hlgh 011 content of the seed allows

the 011 to be easlly extracted by on a cottage lndustry level ("approprlate

technology"), and no speclallzed, capltal-lntenslve equlpment lS necessary
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extactlons and reflnements of the 011 performed wlth alchol and/or water can also

be performed at the vlliage level Reports on the amount of 011 In the seed vary

from as low as 17~ to over 59~ Accordlng to Larson (1986), there lS no eVldence

at thlS tlme that the azadlrachtln level rlses llnearly wlth the percentage of the

011 Slnce the Azadlrachtln does not tend to follow the 011 In the extractlon

process uSlng ethanol Accordlng to Radwanskl (1977b), the kernels constltute

about 45 percent of the frult and yleld about 45-49 percent 011 (25~ of the whole

frult), proper handllng of the seed and more reflned methods of extractl0n yleld

hlgher levels of 011 The yleld of 011 from the Ceylonese seed kernels lS

reported to be the hlghest at 59 25~ Larson (1986) states there lS no eVldence

at thls tlme that the azadlrachtln level rlses llnearly wlth the percentage of the

011 Slnce the azadlrachtln does not tend to follow the 011 In the extractlon

process uSlng ethanol Mltra (1963) and Ketkar (1976) estlmates neem seed to

contaln about 20~ 011. WhlCh contalns about 2~ actlve lngredlents wlth

manufacturlng potentlal for produclng pharmaceutlcal and lnsect-repellent

preparatlons Slngh (1986) notes that kernels from trees growlng In humld areas

or areas wlth more ralnfall ylelded more 011 than those from other places Agaln,

the amount of 011 In the kernel lS probably lnherlted and may be envlronmentally

lnfluenced

Farmers can use a slmple anlmal-drawn 011 crusher (tlghaneetl ) to obtaln 011 for

themselves from neem or to make neem cake In larger, vlliage level operatlons,

electrlcally-operated 011 expellers may be employed A number of both types eXlst

In Indla's rural areas (Ketkar and Ketkar, 1984). and many electrlcally-operated

expellers are run on a cooperatlve basls Ahmed and Gralnge (1985) cltes one
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cooperatlve ln Indla that has two electrlc expellers wlth a total crushing

capaclty of 10 tons of depulped neem seed per day (It lS unclear lf thiS is fresh

or drled seed) The machlnery (expellers, bOller, fllter press, shaft pulley,

decortlcator and neem cutter) lS manufactured locally The cost of the machlnery

1S about $12,000 (U S ), and the superstructure $20,000, while a worklng capltal

of about $30,000 1S needed The operatl0n of the plant lS relatlvely simple, the

work-force conslstlng of one mechanlc and 12 unskllled workers Smaller,

one-expeller unlts can also be operated economlcally Because the neem-crushlng

season lasts for about 3-4 months of the year, 1t lS necessay to flnd other ways

the faclilty can be used to make the operatlon more economlcal, such as crushlng

other 011 seeds

In Indla, farmers are pald approxlmately $0 10 per kllo for depulped and dried

seed, $0 08 per kllo for depulped and undrled seed, and $0 04 per kg for frult

wlth pulp The 011 content of the depulped seed lS 12 percent, and that of the

frult 7-8 percent Neem 011 currently sells for $1 20-130 per kllo from the

factory, and neem cake (a by-product), for $0 10 per kllo (Ahmed and Gralnge,

1985)

The frult yield of neem trees vary greatly, dependlng upon the environment and

thelr genetic capacity, and the seed comprlses about 45~ of the frult [However,

the literature lS unclear If thiS IS by bulk or welght, and lf by weight, whether

it lS drled or undrled] USlng an average yield of 20 kg of fruit per tree

(assumlng thlS lS dry welght), one tree would produce 9 kg of dry seed, and lt

would take 66,667 neem trees to support a processing plant with a 10 mt/day
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capaclty for 3 months at 5 worklng days per week At a plantat10n spaclng of

3 m X 3 m (1,000 trees/ha), lt would take approxlmately 66 hectares of trees to

support the plant, and at a spaclng of 25m X 25m (1,500 trees/hal, 44 ha It

must be remembered, neem 1S a very demandlng tree for space, mOlsture and mlnerals

Seeds should be dupulped soon after collectl0n ThlS may be done by soaklng

them In streams, tanks or canals uSlng baskets or speclal frames so that the pulp

is washed out lnto the water whlle the seed 1S retalned In the basket or frame

It takes 4-5 days of soaklng before the pulp seperates easlly Were sufflclent

water supply lS not avallable, depulplng may be done by mlxlng the frolt wlth mud

or ashed, trampllng under foot, drylng, loosenlng the adherlng sOlI or ashes and

wlnnowlng (Mlrta, 1963)

In some areas of Indla, neem froltS are drled wlthout depulplng, WhlCh lS not

deslrable because fermentatlon soon sets 1n WhlCh affects the quallty of the

kernel Well-drled seeds can be stored for up to 4 to 6 months In well-ventllated

sheds But 1f the deeds have not been depulped or drled properly, deterlorat10n

soon sets 1n Well-drled, rlpe seeds can be heaped up to a helght of about 3 to

3 5 meters [10 to 12 ft ] (Mlrta (1963)

Neem 011 has an unpleasant garllc-Ilke smell, and the problems of

deodorlzatlon, reflnlng and purlflcatlon In large scale lndustrlal product10n have

yet to be solved However, the treatment of the 011 wlth alcohol separates most

of the odorlferous fractlon It lS In th1S fractl0n that many actlve prlnclpals

wlth medlclnal and lnsectlcldal propert1es are concentrated These can be
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lsolated and used 1n the manufacture of pharmaceutlcal preparatlons and of

pestlc1des. thus glv1ng rlse to var10US local 1ndustrlal act1V1tles based on these

compounds

Aqueous extract10ns of neem 011 have been used successfully aga1nst locusts

and other 1nsect pests (Radwansk1 and W1ckens, 1981) Rao and Rao (1979) found

hot water extract10n to be superlor to cold, and the hot water extract10ns k1l1ed

100~ of the brown plant hoppers tested

Neem Seed Cake -- Neem seed cake lS the SOlld resldue rema1n1ng after extractlon

of the 011 - representlng 80 percent by we1ght of the whole seed

Fertll1zer -- The use of neem seed cake organlc manure for cash and food

crops 1n Indla attracted the attentlon of agrlcultural1sts because of 1ts

lnsect-repellant and lnsectlcldal propertles, partlcularly 1n the case of termltes

and nematodes (Mltra. 1963) and ltS relatlvely hlgh content of nltrogen. allowlng

for partlal substltutlon of nltrogenous fertll1zers (T11ac. 1975) Compared to

farmyard manure and other organlc materlals. neem seed cake has a much hlgher

nutr1ent value (Radwanskl, 1977a)
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Chem1cal Analys1s of Organlc Katerlals 1n Neem Cake
(Radwansk1 and W1ckens, 1981)

Organlc Matter ~ K01sture
~ of the fresh matter

N P K Ca Kg

Neem seed cake 3 56 0 83 1 67 0 77 0 75

Farmyard manure 76 o 50 011 0 54 0 42 0 11

Cattle slurry 93 0 31 o 07 0 32 0 11 0 04

P1g slurry 97 0 20 0 10 o 20

Sewage sludge 55 0 83 0 22 o 40 o 07

In a ser1es of experlments conducted 1n India, the appl1cation of urea m1xed

w1th neem cake has rendered thlS fertll1zer more efflc1ent and allowed for

cons1derable economy 1n 1ts use a savlngs of 25 to 50 percent urea nitrogen.

glving a cost ben1fit (cost of neem cake we1ghed aga1nst savlngs of urea) of 12

times (Ketkar, 1976, Thery, 1978) And Lal et al (1982) also reported a h1gher

rice y1eld by comblnlng urea w1th neem seed cake powder IRRI (1982b) notes that

by applylng margosa (neem seed cake) m1xed w1th urea helps 1nhlb1t n1trlflcatl0n,

reducing nltrogen loss through N0
3

leach1ng and denltrlflcation Margosa

applicatlon may hold promlse for r1ce flelds (paddys) where water cannot be

dralned to allow topdressing In such sltuations. fertll1zer is applied as a

single basal applicatlon Urea blended wlth margosa gave 0 6 t/ha extra grain

yleld over single appllcation. savlng about 2~ nltrogen at llttle extra cost in

fields where topdressing cound not be used because of poor drainage In Senegal.

Can et al (undated) reports a rice yleld lncrease of 28~ by combinlng 1~ neem
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Neem cake used regularly 1n flower and vegetable gardens results

1n healthy and v1gorous growth of the plants and the1r 1ncreaslng reslstance to

fungal and pest attacks (T1Iak, 1975)

Livestock feed -- Chem1cal process1ng of neem cake results 1n the formatlon

of a protlen-r1ch, granular meal that can be used as a cattle feed V1JJan et

al (1982) report a hlgher growth rate 1n sheep resulted by 1ncorporat1ng 20~ neem

cake lnto thelr dlet

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

COMPOSITION
percent (averaged) w1th 011 w/o 011

KOlsture ~ 12 0 4 65

Drymatter 'Jo 89 7 94 2

Carbohydrate 'Jo 36 31 46 2

(N F E)

Crude Prote1n 'Jo 22 64 16 05

Crude Flber 'Jo 24 33 26 18

Fats (ether extract) ~ 5 02 8 6

Ash (m1neral) ~ 11 5 5 3

S11l.con or Insoluble Ash 4 95 o 88

Ca1clum ~ 0 77 0 69

Phosphorus ~ 0 69 10 44
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Methane gas generation -- The per1carp represents about 50 percent by we1ght

of the whole neem fru1t and th1s w1ll g1ve large quant1t1es of pulp after

depulp1ng of the fru1t pr10r to 011 extract10n from the seed Neem fru1t pulp 1S

reputed to const1tute a prom1s1ng subtrate 1n methane gas generat10n and 1t may

also serve as a carbohydrate-r1ch base for other 1ndustr1al fermentat10ns (M1tra,

1963) In BanJul, The Gamb1a, the Gamb1an Counc1l of Churches has set up a bl0gas

(methane) plant, uS1ng neem pulp for energy product10n 1n a rural agrlcultural

communlty (Jacobson, 1980)

Leaves -- Ketkar (1976) reports that a 7 5 to 8 meter tree on an average glves

about 350 kg of leaves However, lt 1S unclear 1f thlS 1S from normal leaf drop,

from pollardlng the tree, or total amount of leaves str1pped from a tree standlng

or when cut

The bltter leaves of neem are used also as a pot herb, belng made 1nto soup

and curry wlth other vegetables The sllghtly aromatlc and bltter taste they

1mpart to currles lS much re11shed by some people

Fert1lizer -- In some parts of Indla, the maln obJectlve of growlng neem lS

for its green leaves, wh1ch are puddled In paddy land prlor to transplant1ng rlce

and left to decompose. thus formlng an excellent manure No other fertlllzers

were needed to obta1n good crops of rlce (COSC, 1956-57) In some areas of Sr1

Lanka, neem leaf mulch 1S regularly applled to tobacco and other crops (Radwanskl,

1981) The leaves of neem have also been used as mulch 1n tobacco cultlvat10n 1n

Sr1 Lanka (Macmll11an, 1962), and, 1n Gambla, tomato plants were observed to have
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matured several weeks earl1er and had more and longer branches when mulched w1th

neem leaves (Redknap, 1979)

Hlgh costs and llmlted aval1abll1ty of chemlcal fertilizers may favor a more

extens1ve use of neern leaf mulch by poor farmers 1n developing countr1es who have

access to large plant1ngs of neem trees In poor countrles such as Halt1, where

fuelwood 1S scarce and large areas are 1n need of reforestat1on, large scale mIxed

plantlngs of neem and other multl-purpose trees could halt the accelerated

depletlon of the natural resource base, reduce flood1ng, 1ncrease susta1ned

sources of potable water and help solve the fuelwood shortage, wh1le at the same

t1me help 1ncrease food crop product1on

Forage -- Neem leaves contaln 25 percent prote1n and have a low f1ber

content, but they conta1n b1tter lngred1ents Domestlc an1mals may browse neem 1f

other forage 1S not avallable, but lt 1S rarely destroyed By and large, neem lS

19nored by cattle, sheep and even goats, wh1ch makes lt easy to establ1sh

However, lt lS recogn1zed as a sU1tabie fodder for camels (Radwansk1, 1977a)

Shaw (1985) reports that 1n areas of Ind1a, both cattle and goats now read1ly

browse neem, an adJustment to the pauc1ty of more palatable forage Accord1ng to

Fodder Trees of Ind1a (Slngh, 1982), neern 1S regarded as a good fodder tree and lS

very heav1ly lopped to feed goats and somet1mes cattle The leaves conta1n

lnsectlcldal compounds, but when these are extracted, the leaves can be used as a

hlgh-quallty anlmal fodder
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CHEMICAL DATA OF NEEM FOLIAGE FROM NIGERIA (Radwanskl, 1969)

COMPOSITION LEAVES LEAF STALKS PODS

Mouture " 17 30 15 30 15 90

Calclum " 1 67 o 83 0 34

Magneslum " 071 0 27 0 40

Phosphorus .,. 0 91 0 13 o 24

pH 8 20 8 10 7 90

NEEH SEED

Neem beglns to bear frult In three to flve years (Jacobson, 1980) The perlod

of collectlon of neem frultS naturally varles from place to place, dependlng upon

the reglonal cllmatlc condltlons In Indla, collectlon may begln as early as May

and extend through September, however, there seems to be two dlstlnct frultlng

perlods, Hay-June and August-September The frults are collected from the trees

when fully rlpe or are gathered from beneath trees

Yleld -- Neem produces frultS In 3-5 years and becomes fully productlve In 10

Ketkar (1976) glves a Yleld of about 50 kg (110 lbs ) per tree per year, Ahmed and

Grslnge (1985) 30-50 kg (66 6-110 lbs ), and Radwanskl (1977b) llsts 11 4-34 kg

(25-75 lbs ), averaglng about 20 5 kg (45 lbs) About 2-3,000 frults weigh one

kllogram, the de-pulped frult ylelds about 1,800 seeds per kllogram

(De Jussleu, 1963), and 9-10 dry seeds welgh one gram (Slngh, 1982) The ratlo of
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seed to pulp 1S approximately 1 2, and fru1t pulp and kernels account for ~7 5~

and 10 1~, respectively, of the fruit's we1ght (Ketkar, 1979) For reproduction

seed preparat10n, the fru1ts are rubbed and washed to remove the flesh from around

the seeds After wash1ng, the seeds are dried 1n shade and preferably stored 1n

dry, airtight conta1ners

Vlabl11ty -- Neem seeds rema1n Viable for only a few weeks, 1-2 months 1S probably

normal Therefore, they have to be sown qUickly But when mature seeds are

depu1ped and adequately cooled and dried, they can be stored for longer perlods

Reportedly, germ1nation rates rapidly decline dur1ng storage Care is necessary

In the collection of seeds when they are fresh to obtaln a h1gh germinat10n

percentage They should be collected when thoroughly r1pe and sown as soon after

collection as pOSSible

Germ1nation -- Seeds germinate 1n about 2 weeks after SOWing Fresh neem seed

germinates qU1te read1ly and scarification is generally not needed Research at

the Royal BotaniC Gardens in Great Br1tian Indicates that germination is lmproved

if the Inner shell is removed to expose the embryo before planting (Radwanski and

Wickens, 1981), and Smlth (1981) reports the same But Singh (1982) recommends

that the seeds be cut across With a sharp blade and the cotyledons examlned If

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

brown, they Will not germinate



- 50 -

In more efflclent contalnerlzed nurserles. lt lS deslrable to produce a

sprouted seed ln every contalner because less space lS requlred and lt reduces per

seedllng labor costs Experlments were conducted by Operatlon Double Harvest 10

Haitl ln ao attempt to pregermloate neem seeds for transfer to contalners.

however. the research showed that 47~ of pre-germlnated seed had a maJor tap root

deformlty (crooked or looped), whlle the roots of only 7~ of dry sown seed were

deformed (Larson. 1985)

Fagoonee (1983) found that germlnatlon lS best when seeds that have fallen

from trees durlng the precedlog week are soaked 10 water for about 3 days,

depulped and cleaned, then sown dlrectly lnto the nursery 10 damp sOlI The

soaklng breaks the dormancy by neutrallzlog the germlnatl00 lnhlbltlng chemlcals

found In the shell of the seed

But Ezumah (1986) concluded that Neem seeds do not requlre a perl0d of

after-rlpenlng Seed orlgln. year and tlme of productlon have no slgnlflcant

effect on germlnatlon and longevlty Sun-drYlng does not adversely affect

vlabll1ty and appears preferable to alr-drYlng to br1ng seed mOlsture content to

10~ or less before storage The method of seed cleanlng also has no slgnlf1cant

effect on germlnatlon and 10ngevlty, thus. decompos1ng the pulp before wash1ng by

keeplng the fru1tS 1n a heap 1S eaSler than peel1ng the pulp from fresh fru1tS

Cold storage adversely affects the v1ab1l1ty of neem seed. seeds stored at room

o 0temperature (26 -28 C) reta1ned some v1ab111ty for 16 weeks, whlle v1abll1ty

o 0lasted for only 12 weeks at cold storage (6 -7 C)
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PROPAGATION TECHNIQUES

Host commonly, neem seedllngs a~e p~opagated In the nu~se~y and seedllngs

t~ansplanted to the fleld, although dl~ect sowlng has been successful In some

a~eas 1f ralnfall IS adequate (Troup, 1921, Welle, 1985)

Although neem needs l1ght, young seedl1ngs can suffer from st~ong sola~

rad1at10n, thus a l1ght shade 1S des1rable durlng the f1~st season of growth

Sudden exposure of seedllngs w1thout f1~st harden1ng off w1ll result 1n a h1gh

rate of mortallty Seedllngs naturally regene~ated under old stands often dle

when the t~ees are cut and the canopy 1S opened (FIShw1Ck, undated)

Nurser1es -- In the nursery, seedl1ngs are e1ther grown 1n conta1ners (plast1c

bags or root-tra1ners) or 1n seedbeds

cont1nues up to about three weeks

Germlnat10n starts 1n about e1ght days and

Bags and other conta1ners -- Seeds are sown d1rectly 1nto the contalner

f1lled w1th pottlng sOLI and are ready for transplantlng 1n 12 weeks

(CATIE, 1986) In Haltl, seedl1ngs a~e grown 1n conta1nerlzed nurserles and

transplanted ln 3-5 months, dependlng upon the ra1nfall pattern (Welle, 1985)

Seedbeds -- If the nu~sery lS lrr1gated, seeds can be harvested early, 1n

Aprll, and planted In the nursery The seed should be l1ghtly covered w1th earth

and sparingly watered, the SOLI kept loose to prevent caking S1ngh (1982)

recommends a spac1ng of 5 cm In-row and 20 cm 1nter-row, plant1ng the seed at a

depth of no less than 1 cm to m1n1m1ze rodent damage Flshw1Ck (undated) states



- 52 -

that seeds should be sown th1ckly 1n llnes 30 cm apart, select1vely th1nned when

the seedl1ngs are about 8 cm h1gh (3 1n) to a spac1ng of 8 cm, and select1vely

th1nned aga1n 1n 4 to 5 months w1th only the best stock rema1nlng at a spac1ng of

about 23 em (9 1n)

Method and Transplant Tlme -- Recommendat10ns of what form, age and he1ght of

neem for transp1ant1ng vary

Seed11ngs -- If seeds are planted early 1n Aprl1, seedl1ngs should be ready

for transp1antlng by July (4 months), reachlng a helght of 15 to 20 cm De

JUSSleu (1963) and Troup (1921) report that neem fru1ts from Aprl1 thru July, and

seeds are planted 1n seedbeds 1n an part1a11y shaded nursery as soon as posslb1e

after harvest, around the mlddle of July when the ra1ns begln, and are ready for

transplant by the next ra1ny season, after reaeh1ng a he1ght of about 0 80 to

1 m Radwanskl (1977a) and TAREC (1986) 1nd1cate that seed11ngs are ready for

transplant 1n about 12 weeks when they are 7 5 to 10 cm hlgh (3-4 1n), w1th a

taproot approx1mately 15 em long (6 1n) M1rta (1963) recommends transp1ant1ng

when seedllngs reach 7 5 to 10 em (3 to 4 1n ) hlgh Accordlng to 81ngh (1982),

seedllngs transplanted younger than one year have a poor surv1val rate, thlS does

not hold true aecordlng to exper1ence 1n Haltl, where the survlval rate of

3-5 month eontslner grown neem transplants lS 85~ (Welle, 1985)

Root balls -- Seed11ngs that have not been planted dur1ng the flrst year are

kept untll the fo110wlng season and somet1mes unt11 they are 2 years old Year

old seedl1ngs are carefully uprooted from the nursery leav1ng S ball of sOlI
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a~ound the ~oots, and a~e t~ansplanted as soon as poss1ble Plant1ng 15 done 1n

July-August 1n Plts dug 1n Ap~11-May, Wh1Ch allows weatherlng of the 5011, and 1f

ra1n 1mmed1ately follows, good surv1val rate lS ensured In dry areas, about 90~

of the leaves a~e ~emoved, reduc1ng evapotransp1~ation, and dec~easlng t~ansplant

shock The areas In the v1clnlty of the t~ees must be kept weed free

(Slngh, 1982)

stumps -- In Ind1a, stumps are usually p~epa~ed f~om 2 yea~ old seedl1ngs,

although In lrr1gated nu~serles, yea~ old seedllngs may attaln the desl~ed Slze

fo~ stump p~epa~atlon The seedllngs should be up~ooted wlth care to avold

Spllttlng o~ b~eaklng the taproot stumps a~e prepa~ed wlth 22 em roots and 5 cm

shade untll t~ansplanted

shoot port10ns and wrapped (ba~e-~ooted) In mOlst gunney sacks and kept In the

3Just befo~e plantlng In 30 cm pltS, deslccated ~oot

and shoot tlPS a~e p~ned (Slngh, 1982) In Nlgerla, F1ShwlCk (undated) found

that seedllngs cut to a stump helght of 0 3 m (1 ft) we~e bette~ than talle~ ones

because they we~e eaSle~ to handle and p~ovlded sufflclent buds fo~ sprout1ng, and

were not damaged by wlnd, WhlCh whlpped taller ones, loosened the sOlI and exposed

the ~oots Roots were t~lmmed to 30 cm (12 In), wlth most of the new growth

p~oduced by the callus that forms at the pOlnt where the roots are t~lmmed

Survlval was lnc~eased when the seedllngs were cut In the seed bed rather than at

the tlme of llftlng because shock was reduced by not cuttlng, llftlng and

t~ansp1antlng at the same tlme. and a callus tlssue would fo~ on the shoot wound

before llftlng In Afrlca. Go~se (1986) cut canes to a helght of 1 5 meters and

removed all leaves before transplant, and ln thlS way the bark lS already hardened

and not as susceptlble to damage by anlmals
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T1ssue cultu~e-- The use of t1ssue culture and cutt1ngs to p~oduce neem for

refo~estat1on has been deemed un~eal1st1C In most cases because of the hlgh cost

of a productl0n fac1l1ty, and the ~elat1ve ease of produc1ng seedllngs (Sommer

and Caldas, 1981) Also, 1t lS quest10nable whether tlssue-cu1tured p1antlets

and cuttlngs w111 develop full tap~oots Howeve~, It could be economlca11y

Just1f1ed to screen and ~eproduce plants of unlque germp1asm (such as a tree w1th

an unusually h1gh azad1~achtln content) In thlS manne~ for seed orcha~d

estab11shment 1n more m01st a~eas, Wh1Ch would not be affected by llm1ted tap~oot

development

Neem has been successfully t1ssue cultured f~om leaflet callus t1ssue and from

stem t1ssue by growlng 1t In mod1f1ed Hurash1ge and Skoog med1a, produclng roots

1n 40~ of the cultures and develop1ng 1nto complete plantlets 1n a supplemented

med1um (Sanyal et a1 , 1981, Jalswal and Narayan, 1984, Narayan and

Ja1swal, 1985) In further t1ssue culture research, Schultz (1983) was not able

to ach1eve root 1n1tlat1on as reported by Sanyal et al (1981), Wh1Ch supported

research by Rangaswamy and Prom1la (1972) descr1b1ng the dlfferent1atlon of

'growth centres' ln Azad1rachta callus and the eventual shoot bud format1on w1th

rarely any root1ng Aga1n, 1t lS questlonab1e whether a normal length tap root

will develop from t1ssue-cu1tured plantlets, WhlCh would exclude thelr plantlng 1n

water stressed areas

Cuttlngs -- Neem can also be propagated by cutt1ngs. WhlCh requlre a productlon

perl0d of SlX months to one year (TAREC. 1986). but agaln the development of a

normal taproot would be doubtful A1r layered branches treated wlth IBA o~ NAA 1n
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lenolln paste at 0 1~ develop roots satlsfactorl1y (Shanrnugavelu, 1967) In

Nlgerla, F1ShwlCk (undated) records that 1n Kaldugurl a number of neem shoot

cutt1ngs were t~eated w1th a rootlng hormone (Seradex B) and then placed 1n pots

A number took, but d1d not surV1ve after belng transplanted In Sokoto, the work

was repeated, but cuttlngs were covered wlth polythene bags, and a number surVlved

afte~ be1ng transplanted It was found that a slgn1flcantly hlgher proportlon of

the cutt1ngs took root when they were taken and prepared at the start of the ralny

season

Dlrect Seedlng --In the llterature, the term dlrect seedlng (sow1ng) 1S used 1n

two ways d1rect seed1ng 1n the nursery and d1rect seed1ng 1n the fleld In Ind1a

and N1ger1a, dlrect sow1ng 1S reported to have proven more successful for

reforestat1on than transplant1ng, however, th1S 1S when areas to be sown are well

prepared (slmllar to land preparatlon for sowlng food crops) Dlrect seedlng on

hard and 1nhospltable sOlIs has not been very successful But establ1shment and

growth can be greatly enhanced when seeds are sown 1n bore holes that have been

dug ln these hard sOlIs and f1lled w1th a fert1le pott1ng mlX Research has shown

that hole Slze on d1ff1cult sltes can slgn1f1cantly enhance establlshment and

growth of transplanted seedlngs Although dr1lllng bore holes w1th a post-hole

auger and flll1ng them wlth a pottlng m1X may to some seem expens1ve, the cost 1S

comparable to nursery rals1ng and transplantlng seedllngs

When dlrect-seeded, neem establlshes an extenslve root system before aerlal

growth becomes rapld (NAS, 1980) Slte preparatlon and transplantlng are the two

blggest costs of reforestat1on, and dlrect seedlng can markedly reduce
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De JUSSleu (1963) reports that aerlal seedlng has been trled

but ylelded poor results, Slnce the chances of survlval for the seeds 1S much

lower than d1rect seedlng on prepared land Gorse (1986) recommends the use of a

groundnut planter and weeder for d1rect seedlng neem and for weedlng, and cover1ng

the seed beds w1th a 10-15 cm mulch of groundnut hulls

Welle (1985) reports that dlrect seed1ng has proven to be a vlable method of

establ1shment ln Haltl Seedllngs ralsed 1n nursery beds are ready for

transplantlng durlng the flrst ralns when they are 7 5 to 10 cm (3 to 4 lnches)

h1gh Sometlmes seedllngs are reta1ned 1n nursery beds and transplanted durlng

the second ra1ny season (ICGC, undated)

Methods of dlrect seedlng vary (Radawanskl, 1977a, Slngh, 1982, ICGe, undated)

and lnclude

In Ind1a (a) The sOlI lS worked to a depth of about 15 cm and the seeds are

sown at a depth of 1 5 cm Sowlng 1S done e1ther 1n patches or 11nes, 1n the

former they are spaced about 3 X 3 m, and spaclng between 11nes 1S about 3 m A

seed rate of about 3-4 kg per hectare Weed1ng 1S necessary and seedllngs are

th1nned at the end of the f1rst season, leav1ng two seedllngs per patch or two

seedl1ngs per meter length of the 11ne (b) Seed was sown at h1gh and dry sltes

that had been plowed tW1ce No waterlng was done, but the seedl1ngs were kept

free of weeds In less than three years, the plants were 7-8 feet hlgh, the

growth be1ng equal to or better than that of transplants that had been carefully

watered and tended Trees 1n slmllar plantlngs at another slte measured up to
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12 feet ln 3 years (c) Dlrect seedlng lnto mounds of earth 12 feet by ~ feet by

1 5 feet on sltes recelvlng 24 lnches (600 rom) of ra1n annually produced plants

that reached a maXlmum helght of 4 5 feet ln one year (d) Neem was sown ln

comblnatlon wlth the cultlvatlon of sesame, cotton and the lesser hemp 1n an area

wlth an annual ralnfall of less than 500 rom (20 In) The sown llnes were 0 3 m

(1 ft) apart, three llnes of fleld crops to one llne of trees, so that the latter

were 12m (~ ft) apart Sowlng of both fleld crops and trees was done after slte

preparatlon by plowlng and harrowlng The llnes of trees were weeded tWlce durlng

the flrst ralns The trees reached a helght of 5 m (16 ft) and glrth of 43 cm (17

In) In three years (e) Dlrect sowlng lnto plowed furrows In black cotton-solI

produced trees wlth a maXlmum helght of 15m (5 ft) after 1 year (f) Success

has been achleved by dlbbllng neem seed under Euphorbla bushes

In Nlgerla, F1ShwlCk (undated) reports successful dlrect seedlng at the bases

of the natlve cover, w1th a survlval rate of about 40 trees per hectare It was

observed that although the rate of growth 1S generally slower than on cult1vated

sltes, lt had merlts of slmpl1clty and cheapness to enrlch degraded forest area

In northern Nlgerla, neem lnterplanted on farms among groundnuts, beans, and

mlllet showed markedly superlor growth When the crop was harvested, a healthy

stand of neem seedllngs was left behlnd (NAS, 1980)

Natural Reproductlon -- Under natural condltlons, the frult (seed) ordlnarlly

drops to the ground durlng the ralny season, and germlnatlon takes place ln one to

two weeks Neem reproduces naturally wlth tolerable freedom, especlally around
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trees growlng In mOlst, sandy SOlIs Naturally regenerated seedllngs have been

used for reforestat10n, but they do not compare 1n vlgor wlth good nursery stock

Thelr root systems are poorly developed, they are very sens1t1ve to sunl1ght, and

they lack buds (F1ShwlCk, undated) In Halt1, a number of volunteer seedllngs

were dug up from under a tree. 22~ were h1ghly deformed, and only 39~ could be

rated as hav1ng well shaped tap roots (Larson. 1985) Neem establ1shes well under

bushes and scrub (Troup, 1921). though lnltlal growth lS usually slower

(NAS, 1980) Bats and blrds are reported to spread neem by eat1ng the frult and

depos1t1ng the seed elsewhere. and spontaneous lnd1vldual trees and stands of neem

trees are reported to have been establlshed ln thlS manner ln several countr1es ln

Afrlca. ln Indla and ln Haltl Some feel that bats spread more seeds than blrds,

and larger numbers of volunteer seedllngs can be found under trees where they

roost (De Jussleu. 1963, Gorse. 1986. Brouard. 1987)

SURVIVAL AND DISADVANTAGES OF PLANTING TECHNIQUES

There are dlsadvantages to plantlng neem seedllngs early, wlthout

hardenlng-off and wlth lnadequate tap root and root system development, for

survlval would be low especlally 1n water stressed SOlIs There are also dlstlnct

dlsadvantages to plantlng overage seedllngs Flrst. lt lS very costly to keep and

care for seedllngs ln the nursery for one to two years And the added welght of

seedllngs wlth a SOlI root ball drastlcally lncreases transportatl0n costs and

reduces the number of seedllngs that can be dellvered to the plantlng slte.

especlally If they are hand carrled Another problem when seedllngs are

transplanted bare-rooted, they suffer severe transplant shock. roots dry out. root

halrs and beneflclal mycorrhlzae dle, survlval rate lS decreased, and growth rate

1S retarded
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The rate of seedllng survlval lS lnfluenced by a number of other factors

besldes age of seedllngs and methods of transplantlng Genetlcs play an lmportant

role. and seeds should be gathered from plus trees of the deslred phenotype Also

the Slze of the seed lnfluences survlval and early plant growth, larger seeds

produce a much stronger seedllng (maternal lnfluence) Seedllngs wlth a well

developed root system (such as those promoted by "root tralners," and through

fertlllzatlon, and those WhlCh have been lnoculated wlth mycorrlzae) can wlthstand

drought much better and have the capaclty for a more lrnmedlate and larger uptake

of mOlsture and mlnerals. thus wlll have a hlgher survlval rate

In compacted and eroded Salls, survlval can be lnfluenced by the Slze of the

hole In WhlCh the seedllng lS planted A larger hole allows for lncreased water

lnflltratlon because of the uncompacted SOlI, and lt also allows better
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In nutrlent-poor so11s. lt should be posslble to

galn a hlgher rate of estab11shment by borlng or augerlng a hole lnto the ground

about 10 cm (approxlmate1y 4 In) In dlameter by 15-23 cm (approxlmately 6-9 In)

deep. replaclng the dlsplaced sOll wlth a good nutrlent-rlch nursery mlx, and

seedlng dlrectly lnto the hole ThlS would greatly reduce reforestatlon costs,

dOlng away wlth the expenslve nursery operatl0n

The loosenlng of sOlI to prevent caklng (In some sOlls). WhlCh promotes

sOll-aeratl0n and lncreases mOlsture percolatlon, lS found to be most beneflclal

Research lndlcates that on undlsturbed sOlI. less than 25~ of the raln falllng on

lt lS absorbed, but up to 60~ when frequently hoed,mulch1ng plus hoelng 1ncreased

the absorpt10n up to 90~ (F1Shw1Ck, undated) In e1ther case. dlrect sowlng has

been found to glve better results than transplantlng nursery-ralsed plants (Troup.

1921)

Also. neem 1S 1ntolerant of grass competlt10n and needs thorough weed1ng,

especlally In dry areas, to obtaln good growth (NAS. 1980)

Weeds -- Thorough weedlng wlthout waterlng lS found to galn results almost, 1f not

qUlte. equal to those attalned by lrrlgatl0n and weedlng Because weeds compete

for m01sture and nutr1ents. early growth of seedl1ngs 1S much retarded. and

regular weedlng and cultlvatlon stlmulates neem growth and vlgor Research

carrled out In Dehra Dun. Indla. has shown that seedl1ngs that were weeded reached

a he1ght of 0 6-1 4 meters (2-4 5 feet) by the end of the second season. but only

o 5-1 meters (1 66-3 25 feet) 1f not weeded Later, the seedllngs that were not

weeded were k1lled by weed suppresslon and frost (Troup, 1921) Experlments 1n

N1gerla have shown that some tlliage dur1ng and at the end of the wet season has a

remarkable effect on the growth, health and surv1val of neem 1n the f1rst year

when lnterplanted among groundnuts. beans and mlllets (Mackay, 1952)
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F1Shw1Ck (undated) concludes that once establ1shed and root1ng below the upper

zone of compet1t1on, the presence of weeds and grasses does not seem to affect the

tree growth, although 1t should be noted that perennial grass roots have been

observed at depths of over 3 meters (10 ft)

Spac1ng -- Neem seems to be very nutr1ent-demand1ng, and has been known to send

out lateral surface roots reach1ng over 18 meters In N1ger1a, a spac1ng of 18m

X 18m 1S recommended (De Juss1eu, 1963)

Root Format1on -- Roots that have been pruned (as suggested 1n the stump plantlng

method) may not regenerate lnto a long, normal taproot (rather they develop

several shorter pseudo taproots, wh1ch are not as long as a normal one) F1ShwlCk

(undated) found--by d1gg1ng--that a 2-year old tree planted from a stump possessed

7 taproots each w1th a 1 27 cm (1/2 1n) d1arneter at a depth of 12 ft (full depth

of penetration was not recorded) [Actually, these were probably psuedo taproots,

Slnce trees normally have only a slngle deep taproot lf grown from a seed 1

Wlthout a normal taproot, the plant would be Ilm1ted 1n ltS ablilty to penetrate

into low water tables and reach nutr1ents ln lower SOlI horlzons Dur1ng drought,

when water tables drop cons1derably, the trees may dle Slmllar dlfflcult1es

would be encountered when trees are establlshed from cuttlngs, for they do not

generate normal taproots ThlS mlght explaln the dle-off of the neem plantatlons

(establlshed by stump cuttlngs and from seedllngs wlth the taproot pruned) 1n

Kaldugurl, N1gerla, reported by F1ShwlCk (undated) and elsewhere by others

(Labelle, 1985, Gorse, 1986)
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AGROFORESTRY POTENTIAL

Radwansk1 and W1ckens (1981) report, "Neem cannot be grown among agr1cultura1

crops Slnce 1t will not tolerate the presence of any other species 1n 1tS

immediate ViCinity, and if not controlled, may become aggressive by invading

nelghborlng crops" But Makay (1952) reported that even though neem seedl1ngs had

been hldden under a 10 foot crop of millet, they were still healthy after the

mlilet was harvested Others state that neem can be planted 1n comb1nat1on w1th

fru1t cultures and crops for feed1ng cattle (e g , Penn1setum ped1cellatum, as

suggested by M1sra, 1960) Recommendations have been made for comb1nat1ons of

neem with sesame, cotton and hemp (Howaldt, 1980), w1th peanuts, beans, sorghum

(Radwanski, 1969, 1970, 1977a), w1th Acac1a arab1ca (S1o ~ n1lot1ca) and cotton

(Troup, 1921), and With Khaya senega1ens1s (G1ffard, 1979)

In N1geria, a form of taungya was used for neem plantat10n estab11shment and

farmers cultivated groundnuts, beans and m111et between the trees, but the forest

department planted the trees These p1antat10ns were super10r 1n surv1va1 and

quality to plantatlons estab11shed by other means, and the cost was much lower

In areas where neem p1antat1ons were cleared, groundnuts were cu1t1vated and

Y1elded 3 t1mes the average for other f1elds (F1Shw1Ck, undated) Neem d1d

surpr1s1ng1y well under m1llet Although h1dden under a 3 meter (10 foot) h1gh

crop 1n August and September, growth of seed11ngs did not appear to have been

retarded and when the m1llet was harvested 1n October, a healthy stand of neem was

left beh1nd (Mackay, 1952)

It 1S known that the compounds found 1n neem are not only effect1ve aga1nst

lnsect pests and benef1c1al 1n the eff1c1ent use of n1trogen, but they also affect

some fungi and bacteria Thus, the tree may have a slgnificant 1nfluence
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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 poss1ble that where neem changes the COmpOSition slgn1flcantly,

problems may arise The effect of neem may be both positive and negative, and

research 1S needed to prove or disprove these factors (M1chel-Klm and Brandt,

1980)

Perhaps neem is allelopathic to some crops There are many conflicting

statements as to 1tS compatlbil1ty as an 1ntercropplng with food crops, some agree

that it has poor agroforestry potent1al because of 1tS 1nterference with other

crops or Vice versa There is no clear explanation made as to the intolerances,

e1ther 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 speC1es for agroforestry Research 1S surely

needed to prove or d1sprove neem's 1ncompatlbll1ty as an 1ntercrop and

agroforestry speCies

The answer may be to plant neem 1n mixed forests in comb1natlon with pasture

Mlchel-K1m and Brandt (1981) suggest that up to 20 percent of the area could be

planted to neem, and v1llage plantings could const1tute up to 15~ Neem would

also be a good speC1es for use 1n a sequential agroforestry system as illustrated

in Radwanskl'S and W1ckens' paper (1981) Another excellent of use of neem in

agroforestry systems is for windbreaks In the MaJJla Valley 1n Niger, over
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500 km of w1ndbLeaks (a fOLm of agLofoLestLy) comprlslng double rows of neern tLees

have been planted to protect m1llet crops and to supply wood to local vlllageLs

ThlS has Lesulted In a 20~ graln yleld lncrease for local farmers and the

wlndbreaks are lopped and provlde needed fuel and constructlon wood to vlliagers

(Long, 1986, Bogentteau-verllnden, 1980)

Perhaps one of neern's best agLoforestry potentlals 1S where It lS grown It for

1tS vaLlOUS useful products (leaves, neern cake, etc) but not lntercropped wlth

food crops, and ln a cut-and-carry system, applled to food crops as a fertlllzer

and pestlc1de

Mlchael-Klrn and Brandt (1980) estlrnate the yleld of neern between 10 and 100

tons of drled bl0mass per hectare per year, dependlng upon the rnlcro-envlronrnent,

and 40 tons should be easlly achleved About 50~ of the bl0rnass lS contalned ln

the leaves, 25~ 1n the frult, and 25~ ln the wood (It 1S assumed that th1S lS

sustalned Yleld)

SOIL IMPROVEMENT

Neern leaves and tWlgS have been successfully used as mulch and feLtl11zer ln

Ceylon, Indla and Burma (see sect10n on Leaves) Neern seed cake (the res1due left

after extract~ng 011 from the fru~ts) lS reportedly an excellent fertl11zer, many

t1mes r~cher ~n plant nutrlents than manure (see sect~on on Neem Seed Cake) Neem

has been successfully used to reclalm sernl-ar1d wastelands, partlcularly ln Indla

(NAS, 1980)
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Heem lS a non-legumlnous tree and there lS no Symbl0tlC nltrogen flxatlon 10

the sOlI However, free-llvl0g, nltrogen-flxlng bacterla are known to be C

heterotrophlc and thus dependent on the supply of organlc carbon for thelr energy

(Mengel and Klrkby, 1978) It lS posslble therefore that a substantlal lncrease

of the organlc carbon content In the neem sOlI may create condltlons favorable for

the prollferatl0n of those bacterla and a consequent lncrease ln the supply of

plant-avallable nltrogen Termltes actlve ln the decomposltlon of dead wood may

constltute another source of n1trogen They have been found to possess

nltrogen-f1xlng bacterla 10 thelr h1ndguts and the1r act1v1t1es may also result 1n

an 1ncreased n1trogen supply under neem (Benneman, 1973, Breznak et al , 1973)

By tunnel1ng, term1tes also 1ncrease water percolat10n 1nto the SOlI

Nye and Greenland (1960) have shown that the content of organ1c matter 10 the

SOlI lS often cons1derab1y 10creased bny fallow per10ds 1n Wh1Ch woody spec1es

increase, and that n1trogen and other nutr1ents 1ncrease at the same t1me Neem's

extens1ve root system can extract nutr1ents from deep SUbS01ls and enr1ch surface

SOlIs through 11tter, thus 1ncreas1ng S011 fert111ty and at the same t1me addlog

valuable organ1c matter

In northwest Nlger1a, slgnlf1cantly hlgher total catlons, cat10n-exchange

capaclty, base saturatlon, and pH were observed 10 SOlIs under neem than In

slmllar SOlIs In bush-fallow (Radwanskl and Wlckens, 1981) In a case study on

red aCld sands of desert orlgln, 2 phases of the same SOlI serles, one under neem

and the other under bare fallow farmland, were examlned Ten topsoll samples

(0-7 5 cm and 7 5-15 cm) from each phase were analyzed and the results showed some
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st~lk1ng d1ffe~ences The ave~age pH value of ~ed sands w1thout neem was 5 4 1n

the f1~St and second laye~. and the ave~age pH 1n the co~~espond1ng laye~s unde~

neem was 6 8 A substantlal lnc~ease In the 5011 pH values unde~ neem was due to

the accumulatlon and decomposltlon of leaf lltte~ and 15 a su~face phenomenon

The pH of neem leaves was 8 2 The content of o~gan1c ca~bon had ~lsen from

o 12 pe~cent under fallow to 0 57 percent under neem. and the total n1t~ogen

content 1nc~eased from 0 013 percent In the top layer of the fallow sOlI to

o 047 pe~cent 1n the correspond1ng laye~ of the neem phase (Radwansk1. 1969, FAO,

1968)

However, the phosphorus content 1n the fallow phase (201 and 190 parts per

m1ll1on) was hlgher than 1n the neem sOlI (131 and 106 parts per m1ll10n)

Phosphorus content of neem leaves appea~s to be relat1vely low and lt lS poss1ble

that th1S element 1S stored In other parts of the plant, such as fru1tS, bark and

roots The most strlk1ng dlfference was between the total cat1ons, base

saturatlon and exchange capac1ty. part1cularly 1n the top 3 lnch layer There lS

no doubt that observed lncreases under neem were largely due to the accumulat10n

of the blvalent cat10ns calclum and magneslum (Thery, 1978) The total cat10ns

1ncreased from an average of 0 39 m1ll1-equlvalents/100 grams sOlI In the fallow

to 2 40 mllll-equlvalents under neem. the catlon exchange capaclty from 1 70-2 25

m1111-equlvalents and the base saturatlon from 20-98 percent

The leached and degraded sandy sOlls of the type descrlbed here are not

uncommon 1n dry savanna reglons of west Afr1ca and the proven capaclty of neem to

1mp~ove thelr productlv1ty renders thls tree emlnently sU1table for lncluSlon 1n
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fo~est fallows and also fo~ plantlng on sOlls unsultable fo~ farmlng In the

latte~ case, neem can be establlshed wlthout dlsplaclng othe~ c~ops (Radwanskl and

Wlckens, 1981)

SOAP MAKING AS A COTTAGE INDUSTRY

Radwanskl and Wlckens (1981) feels that maklng soap f~om neem 011 lS p~esently

the most feaslble lndust~lal development fo~ neem In the developlng count~les

Heem 011 could ~eplace edlble 011 employed In soap maklng, the~eby f~eelng the

late~ fo~ dleta~y use Soap p~oduced f~om neem 011 also has beneflcla1 medlc1nal

p~ope~t1es In Indla, the maJo~ use of neem 011 1S fo~ maklng soap The~e, soap

maklng lS often a t~adlt10nal household actlv1ty, and 1ts expans10n, based on

slmple technlques wlth locally avallable neem 011, wlll c~eate sound v1llage

1ndust~les Paul (undated) In the Dl~ecto~y of Mass Employment detalls the neem

soap maklng p~ocess In Ind1a

P~ocesslng -- In Indla, neem f~lt a~e sund~led and sto~ed untll December or even

late~, when they a~e decortlcated and the kernel pressed However, d~Ylng neem

f~lt wlthout depulplng lS not desl~able because fermentatlon soon sets 1n, WhlCh

affects the quallty of the kernel The fLUltS should be depulped soon after

collectlon ThlS may be done by washlng them 1n streams, tanks or canals uS1ng

bamboo baskets o~ speclal frames so that pulp 1S washed out lnto the wate~ wh1le

the seed (kernels) lS ~etalned In the basket or frame Where suff1clent wate~ 1S

not ava1lable, depulplng may be done by mlx1ng the fLUlt wlth mud or ashes,

trampllng underfoot, drylng, loosenlng the adhe~lng sOll or ashes and Wlnnow1ng
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The seeds contaln a lot of mOlsture and deterlorate rapldly durlng storage,

and lf drled lmproperly wll1 char as a result of the heat produced by

auto-oxldatl0n, thus reduclng the y1eld of all Therefore. It lS lmportant to

clean and dry the seeds as thoroughly as poss1ble before storage (ICeC. undated)

Neem frult ln Indla lS collected by farmers and the landless poor who collect

them from trees growlng ln thelr home lots. along roadsIdes. or ln the wlld and

are pald the followIng approxImate prlces brought to centers US $0 10/kg for

depulped and drled seed, $0 08/kg for depulped and undrled seed, and $0 04/kg for

undepulped frult Ketkar and Ketkar, 1984) FrultS are collected from trees

growlng WIld or along roadsldes

For depulplng, neem fru1t 1S soaked for 4-5 days 1n water and then trampled

upon or rubbed v1gorously Th1S separates the skln, WhlCh 1S used for organlc

fert1llzer The seed thus depulped lS then drled, and the Ind1an Central 01lseeds

CommIttee (undated) reports that 1n th1S form lt can be stored 1n well-vent1lated

storage sheds for up to a year wlthout 10slng 1tS pest-control effectlveness

However, Larson (1986) observes a marked deterloratlon of the azad1rachtln level

occurlng In a short t1me even when the seed lS stored 1n veltllated sheds on

shallow trays, and feels that stor1ng well dr1ed seed w1II reta1n a h1gher level

of the chem1cal when stored 1n a cool dark area

In Indl.a. a slmp1e anl.ma1-drawn 011 crusher ("ghanee") Indl.a) can be used by

farmers themselves for processlng neem kernels to obtaln1ng neem 011 and neem

cake, and v1llage-Ievel 1ndustr1es may employ slmp1e electrlcally-operated 011
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A number of both types of fac1l1t1es eX1st 1n Ind1a's rural areas

(Ketkar and Ketkar, 1984)

Many electr1cally operated expellers are run on a cooperat1ve bas1s These

have been establlshed at costs rang1ng between US $5,000-30,000, wlth capac1t1es

of crushlng 5-10 tons depulped neem seed per day The machlnery needed (expeller,

baller, f1lter press, shaft pulley, decort1cator, and neem cutter) are locally

fabr1cated and plant operat10n 1S relat1vely s1mple--needlng only a mechan1c and

3-15 unsk1lled workers (Ahmed, 1984)

Drled neem seed contalns approxlmately 10~ all and 12~ cake (Ahmed and

Gralnge, 1985) Neem 011 currently sells ln Indla for $1 20-1 75/kg from the

factory, and neem cake, for $0 10/kg (Ahmed, 1984) Larson (1986) reports a pr1ce

of $1 75/kg for 011 ln Indla It may be posslble to couple charcoal product10n

wlth seed drylng for 011 or neem cake productlon, utll1z1ng the hot a1r glven off

ln carbon1zatlon, however, thls would cause a drastlc deter10rat10n of the

8zad1racht1n level, renderlng the product nearly useless for use as a pestlclde

TOXICITY, PESTS, DISEASES AND LIMITATIONS

Neem 1S sa1d to have few pests and Its naturally occurrlng pest1c1de lS

nontox1c to man and anlmals But there IS eVIdence that thIS may not be so

TOXICIty -- Radwanskl and Wlcklns (1981) state that one of the most slgnlf1cant

attrlbutes of neem 011 as an Insectlclde IS that It 15 effectlve and reportedly



- 69 -

non-toxlC to man or anlmals, and nonpollutlng to the enVlronment However, a

syndrome slmllar to Reye's syndrome has appeared In ch£ldren glven large doses of

neem 011 (Slnnlah, et al • 1982, Slnnlah et al • 1985), although lnfrequent, thls

manlflstatlon has been fatal Because Reye's syndrome and the neem oll-lnduced

Reye's-llke syndrome are poorly understood, neem extracts should be tested more

thoroughly before belng used for medlclnal purposes Also, neem extracts have

been found to be tOXlC to gUlnea plgS and rabblts (Deshpande, 1983), and the

1nsectlvorous flsh Garnbusla spp , and tadpoles d1ed at 0 04~ concentratlon of neem

extracts (Jotwanl and Srlvastava, 1981) Welle (1985) observed that neem seeds

fal11ng lnto flsh ponds In Haltl proved fatal to Talapla fry Thls Ind1cates the

need for systematlc follow-up toxlcologlcal studles

Perelra and Wohlgemuth (1982) report that neem seeds carry Aspergl1lus flavus,

whlch In certaln condltlons produces aflatoxlns, thlS IS a partlcular concern In

waste plIes at preparatlon sites

Alle10pathy -- There IS some concern that neem compounds may be allelopathlc, but

no hard eVldence supports thlS contentlon (also see sectlon on AGROFORESTRY

POTENTIAL)

Pests -- Roberts (1965) llsts 14 Insect speCles and one parasltlc plant as

recorded pests of neern In Nlgerla, although few are seriOUS, and most plantations

of neern are reported to be Insect free, eVidently due to the trees repellant

compounds Insects wlll eat off the radlcle of germlnatlng seeds If not covered

well With 5011 Occaslonal Insect lnfestatlons by speCles of Mlcrotermes and
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plant parasltlsm by Lorant1um have been observed 1n N1gerla, but the attacked

trees almost 1nvar1ably recover, though the1r rate of growth and branch

development may be cons1derably retarded (Radwansk1 and Wlckens, 1981)

In Indla, the larvae of Enarmon1a koenlgana Fabr feed on rolled leaves and

bore 1nto tender shoots, and the larvae of Cleora cornarla Heyr1ck and Od1tes

atmopa defol1ate the leaves (Bhas1n et al ,1958) Warthen (1979) l1sts 9 other

1nsect pests that attack neem Caleplter1merus azad1rachta, Araecerus fas1culatus,

Cryptocephalus ovulus. Holotrlchla consangulnea, H 1nsular1s, H serrata,

Pulv1nar1a maXlma. Laspeyresla aurantlanna, and OrthacrlS slmulans CAB-IIBC

(1987) reports that Aonldlella orlental11B has become a pest of neem 1n some parts

of Afrlca (e g • the Lake Chad BaSln Nlger. Chad. Nlgerla and Cameroon)

Termltes have been known to damage trees, attacklng them at the level of the

collet, sometlmes extendlng to the trunk and to the cyme. but generally not

K1ll1ng them (De Jussleu. 1963) F1Shwick (undated) reports that termltes attack

weak, slck1y trees but at tlmes they also attack and kll1 young, vlgorous trees

Neem commplC shoots have also been attacked and kl1led, but the roots of the stump

were not damaged and produced fresh copplce shoots

Gosh (198~) reports that the neem Bca1e, Pa1Vlnar1a maXlma, lS a serlOUS pest

1n central and south Indla. It feeds on sap. covers the tender shoots and stem ln

numbers and sometlmes damages 8 young tree conslderably A tree ln an advanced

stage of lnfestatlon is recognited by the thlck coatlng of whlte, mealy patches

formed on the follage, shoots and bark Another scale lnseet, ASpldlOtus

orlentalls, thlCkly covers the shoots and stems of seed1lngs of about 0 6-2 5 em

1n dlameter, appearlng on the new shoots and spread1ng to the leaves In severe



- 71 -

lnfestat1ons, the growth 1S retarded, leaves are shed, the stems dle back and

young trees may be k1lled Also, ASp1dlotuS pseudocer1ferus feeds on the sap

And the nymphs of Helopeltls anton11 feed on sap by puncturlng the soft plant

tlssue Wh1Ch blackens and drles The wounds cause deformatlon of leaf and shoot,

or the whole shoot may dry up and dle back

D1seases -- Recorded pathogens attack1ng neem are Ganoderma lucldum, causlng root

rot, Cort1c1um salmonlcolor, causlng stem and tWlg b11ght, Cercospora subsessl11s,

causlng leaf spots, Oldlum sp , causlng powdery ml1dew, and Pseudomonas

azad1rachtae, causlng leaf spot and b11ght (Baksh1, 1976. Desal et al , 1966)

Sankaran et a1 (1986) reports add1tlona1 d1seases attack1ng seedl1ngs 1n

nurserles 1n Indla Rh1zocton1a solan1, caus1ng web b11ght, Sclerotlum rolfsll,

causlng stem rot, Co11etotr1chum capS1C1 and Q subsessl11s, causlng leaf spot,

and Fusarlum solan1, causlng wllt Stern rot, leaf b11ght. web bllght and wllt

be1ng reported for the flrst t1me caused up to 30~ mortal1ty of 2 to 3 month-old

seedl1ngs

81ngh and Chohan (1984) observed a severe canker d1sease of tWlgS and

shot-holes 1n leaves of neem and 1dentlfled a fungus, Phoma Jolyana, as the

cause De Jussleu (1963) reports that cankerous leS10ns can also somet1mes be

found on tree 1n f1ssures comlng up from the collet along the stem The wood

becomes brown around the cankers and th1S colorat1on can penetrate to the

heartwood Gorse (1986) observed that canker prevalled on the sunset slde of the

tree Th1S d1sease seems to correlate wlth a sudden absorpt1on of water after a

long drought, but through exploratlon of the genetlc potent1al of neem, genetlc

res1stance mlght be found
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Pa~asltes -- Mlstletoes that pa~asltlze neem lnclude Dend~ophthoe falcata

and Taplnanthus sp (B~owne. 1968)

Nut~lent Dlffeclencles -- Resea~ch by Zech (1984) dete~lned that Zlnc (Zn) and

potasslum (K) deflclencles ~educe neem g~owth eVldenced by chlo~OSlS of leaf tlPS

and leaf ma~glns, pa~tlcularly on the olde~ leaves The fl~st symptom of Zn

def1clency 1S yellow colo~atlon of the 1nte~costal a~eas leadlng to complete

b~eakdown of the chlo~ophyll. and the shoots exude much ~eSln w1th shedd1ng of the

olde~ leaves Wlth K deflclency. leaf tlP and marglnal chlorosls and necrOS1S are

eVldenced

Other ProblemQ -- Neem seedllngs are kllled by frost and f1re, and large trees are

frequently snapped off dur1ng hlgh w1nds However, trees seemlngly kl1led by flre

w1ll copp1ce and regrow 1f cut soon after the burn Regenerat10n beneath stands

of neem lS senslt1ve to sudden exposure to dlrect sunllght, and clear felllng 10

plantat10ns normally results 1n the death of thlS regeneratlon 1f seedllngs are

under 8 cm (3 1n) 1n he1ght (F1Shw1Ck, undated)

In some localities rats and porcuplnes glrdle neem seedl1ngs and trees,

gnaw1ng the bark from around the base and k1ll1ng them In areas w1th h1gh rodent

dens1t1es. they devour the fru1tS greed1ly and consume most of them after they

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

plants and klll them (81ngh, 1982)
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Because of the potent1al of pest outb~eaks, neem should not be ~a1sed 1n pu~e

stands, and 1t lS ~ecommended that neem should be m1xed w1th legum1nous t~ees 11ke

Leucaena leucocephala, Alb1zz1a lebbeck or Acacla n1lotlca, WhlCh reduce the rlsks

of lnfestatlon by these pests These t~ees would also complement the

non-nlt~ogenous neem t~ee Welle (1985) ~epo~ts that neem 1nterplanted w1th

Leucaena leucocephala 1n Haltl showed bette~ g~owth than neem 1n monocultu~e

RESEARCH NEEDS

RadwanBki and Wickens (1981) recommends fu~the~ fleld wo~k In neem's natlve

habltat and where lntroduced to study the range of varlat10n due to genetlc and

envlronmental factors Provenance tr1als and autoecologlcal studles are also

needed as well as an evaluat10n of present sllvlcultural practlces and marketlng

research Addlt10nal research needs lnclude

o Market analysis to determlne the feaslb111ty, marketabll1ty and profltab111ty

of the productlon of azadlrachtln pestlcldes

o Economic analY6i8 of the cost of an azad1racht1n product10n facll1ty

o Fleld and/or laboratory analyses of the azad1racht1n content of seeds f~om

va~10US neem plant1ngs 1n the Caribbean. ASla and Afrlca ThlS has to be done

ln a sClent1f1c manner to ensure proper seed handllng to m1nlm1ze

deter10ratlon of the azad1racht1n content
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o Resea~ch to f1nd 1f the azad1~acht1n content 1n the leaves of a s1ngle t~ee

has any co~~e1at10n of the azad1~acht1n content 1n the seed Radwansk1

(1977b) ~epo~ts a y1eld of 011 of ove~ 59~ f~om Ceylonese seed kernels, wh1ch

m1ght ind1cate a h1ghe~ pe~cent of azad1~acht1n f~om the ent1~e fru1t

o Ident1f1cat10n of mothe~ t~ees w1th fru1t h1gh 1n azad1~acht1n content (f1~St

1n the Ca~lbbean, then AS1a and Af~1ca) Th1S should be coupled w1th an

assessment of slte cond1t1ons to see 1f env1~onmenta1 cond1t10ns a~e

1nf1uenc1ng facto~s

o Genetlc lmprovement of these trees by selectl0n fo~ t~ees that

(1) yleld maXlmum numbers of heavy frults conta1nlng the hlghest posslb1e

percentage of azadl~achtln The~e IS a great varlabl11ty In the numbe~ and

welghts of frults on dlfferent trees, and the many ecotypes of neem have

d1fferent concentrat1ons of azadlracht1n

Optlmum fruit yield i5 essentlal If neem 15 to be grown for fru1t

productlon for the varlOUS products and by-products--such as 011 for soap and

pestlclde extracts and neem cake for fertlllzer--and 15 to be a v1ab1e and

p~ofltable cottage lndustry

p~oduct10n

Standardlzatl0n 15 essent1a1 to mass

(2) have etrai~ht trunks with maXlmum clean bole helght for constructlon

lumber and poles in order to remlt maXlmum lncome to farmers 1n deve1op1ng

countr1es
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These factors may be genet1c as well as env1ronmentally 1nfluenced

B1otechnolog1es, such as t1ssue culture, can greatly reduce the tlme frame for

thls development process

Genet1c select10n for opt1mum branch1ng from a stump close to the ground

for pole product10n 1S also needed, as 1S research to determ1ne the best tlme

of the year to copp1ce neem Often 1n the developlng countr1es, neem poles

brlng the h1ghest pr1ce for wood

o Addltlonal reBear~h lS required lnto the methods of pressing and extract1ng

the oil from the neem frult and seed, the methods of purlf1catlon.

deodorizatlon and reflnlng. analysls and tests for quality, and exper1ments in

the manufacture of soaps. lubricants, waxes and other products

o Selection of provenances better sUlted for dry areas

o Mycorrhiz~l 88~o~i8tion with neem, 1f there 1S assoclatlon or not, both on

trees grow1ng 1n the Burma-Ind1a area where the tree lS lndigenous, and areas

where the tree lS exotlC. If there are assoclations, the variOUS strains

should be tested to Bee 1f the Burma-Ind1a strains give higher performance

than strains Which form an aBBociat1on w1th the tree when planted in exotiC

areas Research should include whether th1S assoc1at1on increases tree

establishment and growth on marginal Sites and if drought tolerance 1n

seml-ar1d areas can be increaBed If no associations are formed 1n the exotiC

areas, trees should be inoculated with mycorrhizae and compared With

unlnoculated ones to Judge performance differences
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o Addltlonal research lS needed to extend the actlvlty of azadlrachtln

Sunllght degrades neem extract sprayed on plants wlthln a week The systemlc

effect of azadlrachtin lncorporated lnto the sOll, however, lasts more than a

month V1kewood Ltd reports that by reta1n1ng of a portl0n of the 011,

coupled wlth a UV screen, has shown to glve good actlvlty at longer than 21

days Th1S synerg1sm lS covered under a U S Patent held by Vlkwood Ltd for

THHARGOSAN-O (Larson, 1986)

o Research lS needed to develop methods to extend the per10d of the v1abl11ty of

neem seeds for replantlng

o Add1t1onal research on the best he1ght and t1me of year to pollard neem for

leaf and/or wood product1on Heem lS often planted as a w1ndbreak, for shade

and for roads1de plant1ng, and valuable by-products of wood and leaves could

come from these plantlngs

Pollardin~ and Copp1clng often results In ad1tlonal branchlng of the tree,

over that WhlCh mlght occur from normal bole development Research lS needed

to determlne how thlS mlght affect the frultlng of the tree, and lf add1tlonal

frult productlon mlght result

o Since neem treee are rarely browsed because of the bltter lngredlents 1n the

leaves, lt may be posslble to mlX neem extracts 1n a solut10n of water and

soak the sOlI around the roots of seedl1ngs read1ly eaten by I1vestock (such

as Leucaena leucocephala) durlng dry perlods for uptake by the plant as a
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natu~al ~epellant The neem ext~act abso~bed by the plant would be

t~ansposed to and deposIted In the leaves As the t~ee matu~ed and old

leaves a~e shed, the ~epellant effect would dImInIsh sInce the plant

manufactu~es no natural repellants ThIS protectIon pe~lod could be

~egulated by the applIcatIon of addItIonal solutIons Heem extracts have

a systemIc actIon when applIed to some crops, whIch means that once

absorbed by the plant tIssue, they offer more du~able protectIon even

after heavy ~aln

One of the moet difficult refo~estat10n p~oblems 1S how to protect young trees

f~om belng eaten by l1vestock and wlldllfe A su~vlval rate as low as

20 pe~cent has been estlmated fo~ many a~eas In Af~lca

CONCLUSION

ij~~m ~~l\ b~ ~ff~ctively ~rown in many unp~oductlve and eroded SOlIs unsuIted

fo~ ag~lcultural productlon Large scale plantlng of neem on such sItes should be

Integrated wlth local farmlng and grazlng practlces A modlfled farming system

uSing neem. local and exotlc fast-growlng t~ees and shrubs as a fallow crop

(modlfled bush fallow or shift1ng cultlvatlon system) would result In a marked

Improvement In decllnlng ecosystems of many developing countries and In the

restoratlon and malntenance of 80il fertIlIty It would also supply large

quantItIes of baSiC materials for rural industries and prOVIde a serIes of

products hlghly competitive in price and quallty wlth pet~oleum based synthetICS,



- 78 -

but does not requlre speclallzed Sklll or SOphlstlcated machlnery It can be done

by v1llage 1nhab1tants and thus prov1de employment and 1ncome 1n underpr1vlleged

rural commun1t1es And 1t would allevlate the often confl1ctlng 1nterests of

farm1ng, foresty, grazing and 1ndustry Radwansk1 and W1ckens (1981) 1llustrates

one such system 1n the1r paper
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SECTION 1



Development of the Neem Tree for PrIvate EnterprIse

Neem (Azadlrachta IndIca JUss) has potentIal as a pestICIde for

both commercIal explOItatIon and on-farm use A neem seed extract,

azadirachtln, has proven effectIve agaInst 131 speCIes of Insects,

45 of WhICh are extremely damagIng to agrIcultural crops In the

US, and IS reported to be non-toxIC to man Among some of the

most damagIng IS the Colorado potato beetle, WhICh has reSIstance

to most agrIcultural pestICIdes, InItIal research IndIcates that

the neem-derlved pestlcde can effectIvely control thIS beetle

A bIotech fIrm, NatIve Plants, Inc, has developed a small neem

Industry In HaItI Neem frUIt (seed) IS collected In the rural

area and processed by a HaItIan-owned fIrm In Port-au-PrInce

There the all IS expelled from the seed and the actIve chemIcal,

azadlrachtln, IS extracted from the 011 and exported to the U S

for the manufacture of the pestICIde NatIve Plants hopes to have

EPA approval of Its pestICIde for use on non-food crops early next

year

NatIve Plants IS one of three U S companIes purSUIng

commerCIal explOItatIon of neem as source of pestICIde A second

fIrm, W R Grace & Co , already has a neem-derlved pestICIde on the

market, cleared by EPA for use on non-food crops One of the many

uses of neem-derlved pestICIdes 18 the control of Insects In

greenhouse-grown flowers and other ornamental plants A thIrd

fIrm, Rohm and Haas Co , IS developIng a neem-derlved pestICIde and

IS Interested In settIng up an operatIon SImIlar to NatIve Plant's

In AfrIca
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Neem 011. a by-product of the process, has potent1al for use 1n

the soap 1ndustry 1n Ha1t1 In Ind1a. where the neem tree 1S

nat1ve, neem soap is w1dely used for its purported anti-fungal and

antl-bacterlal propert1es Neem seed cake, a nutritiouS second

by-product of the extraction process, lS used in Indla as a feed

for llvestock, much llke peanut, cotton seed or soybean cake It

lS also used as a sOlI amelorlator, and accordlng to SClent1sts 1n

Indla, neem cake has a much hlgher nutrlent value than farmyard

manure and other organlc mulch They also report that neem cake

effect1vely controls both nematodes and termites when lncorporated

lnto the sOlI Research at the Internatlonal Rlce Research

Instltute (IRRI) ln the PhlllPPlnes lndlcates that by mlxing neem

seed cake wlth urea and incorporating lt lnto the sOlI,

nltrlflcatlon lS lnhlbited, thus reducing nitrogen loss through

leachlng and denltrlflcatlon

Agroforester Mike Benge, wlth the Offlce of Forestry,

Envlronment and Natural Resources, Bureau for SC1ence and

Development, Agency for Internatlonal Development, has been work1ng

W1th private industry for the past several years in develop1ng neem

as a source of a commerclal and on-farm pestlclde A manual he

wrote has served as a gUide for the development of thlS

multl-purpose tree, and he has been worklng wlth all three flrms ln

securing sources of neem seeds ln the developlng countrles Benge

lS also worklng wlth a Mlnnesota-based PVO, Agency to Facliltate
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the Growth of Rural Organ1zatlons (AFGRO), to develop a manual on

exploltlng the neem tree as a source of pestlcldes The manual

w1ll explore the economlCS, processlng requlrements and feaslb1llty

of the use of neem as a source of pestlc1de as a small-scale

1ndustry for rural lncome generatlon The manual 1S projected to

be completed In early 1992 and wlll be avallable In both Engllsh

and French For further lnformatlon contact Mlke Benge, S&T!FENR

Agro-forestry, Rm 5l5E SA-18, Agency for Internatlonal

Development, Washlngton, 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, Umverslty of Glessen,
0-6300 Glessen, Federal RepublIc of Germany

Abstract Insecticidal neem (Azadl rachta IndIca) seed pro­
ducts can eaSily be obla I ned and applied by African farmers
In various Simple ways

Water extracts are most Important and very effective against
a wide range of Insect pests In the field They often compete
favourably WI th synthetiC pestiCides About 25 g of neem seed
kernels are needed per litre of water, In case of heavy pest
pressure tJ,e !,reatments have to be repeated In Intervals of 7
- 10 days Neem 011 IS a long-lasting and very useful pesti­
cide agamst bruchlds 10 cowpea seeds In the store Its pesti­
cidal effect lasts more than SIX months Neem seed powder,
mlxed With sawdust to aVOid phytotoxIcity, IS a powerful pes­
tiCide against stemborers of maize and sorghum This powder
IS apphed}o the funnels of young plants Neem seed cake, a
by-productj of 011 production, reduces nematode populatlons 10

plant roots and Improves growth and yield of vegetables The
active prulclples 10 this cake are taken up and translocated
In treated plants

There are good prospects for the use of Simple and cheap
neem products by Afncan farmers An Africa-wide neem re-
search and appltcatlOn programme IS recommended

Key Words Neem, Azadlrachta IndICa, aqueous extracts, neem
01), 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 countnes espeCially to look for other less expensive but

equally effective ways to control pests In thiS context, one of the

most Important tasks IS to help the peasant farmers who are In a dlffl-

1/
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cult, often desperate, sltuatlon merely trymg to produce enough food

for their large famlhes

Before the development of effectlVe synthetiC peshcldes during and

after the Second World War, Simple pest control practices were apphed

In many countries. Some of these used parts of lOdlgenous plants For

Instance, to repell pests from stored products leaves and/or other plant

parts were stored wlth the products Some success was attrlbuted to

these methods 10 the past Today they form the baSiS for the renalS­

sance of pest control through plants and plant products, and because

of the considerable lmprovement of sC1entiflC knowledge, they can be
I

pract1sed much more effect1vely I

The neem tree, Azadlrachta indica, IS at present the most prOm1Sing

plant, and its maln act1ve pnnclple, the tetranortrtterpenold (Ilmonold)

azadl rachtm, the most promising natural compound for Insect control by

botanlcals

DISTRIBUTION OF NEEM IN AFRICA

Azadlrachta Indica, onglnatlng 1n South and Southeast ASia has a

wide distnbutlon on the Afncan contment Introduced by Indian Imm1­

grants and foresters, It grows In the area from Senegal and Mauretama

ln the west to the Sudan. Ethlopla and Somaha 1n the east and from

Cameroon and Zaire 1n the south to Tanzania and northern Mozambique

Its tolerance of poor sods and the drought-resistance 1t displays have

conslderably favoured Its fast spread from east to west

Neem 1S most 1mportant as a provider of fuel (fire-wood), but 1S

also very much appreCiated as a shade tree, especially 1n many villa­

ges and towns 1n West Africa In add1tlOn, neem IS an Important medi­

Cinal plant 1n many parts of th1s vast continent and elsewhere, espeCi­

ally In India Young leaves and flowers of Azadlrachta Indica var

SlamenSIS are consumed In parts of ASia, such as Burma and Thatland,

as a vegetable ('edible neem I) (Sombatslri and TIgvattanont, 1984)
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IMPORTANCE OF DIFFERENT PARTS OF NEEM FOR PEST CONTROL

Although many parts of the neern tree contam insectIcldal com­

pounds, r1pe seeds (seed kernels) are the most important source for 10­

sectIcides The1r content of azaduachlm, the dommatmg active pnn­

c1ple, may reach 6 - 7 g/kg (Morgan, 1981, Ermel et al , 1984, 1987)

There are also some effective terpenOlds 1n the leaves, but 1t is more

dlfflcult and expensive to extract these

I
MODE OF ACTION OF NEEM PEstiCIDES

The active principles of neem are anttfeedants, an1.lovlposltants,

growth-disturbing, fecundity-reducing, egg-steriliZing and Insect-fit­

ness-affecting compounds Although the phySiological mode of actlOn is

not yet fully understood It can be stated that the hormonal system of

Insects IS strongly disturbed The titre of the two Important hormones,

ecdyson and JuvenIle hormone, IS reduced dunng cntlcal periods of the

Insect's life cycle (Rembold et al , 1984) In a broad sense, therefore,

neem has an antlhorrnona 1 effect Neem Ingredients are also chitin-syn­

theSIS inhibitors (Cassler et al , 1987)

SIMPLE METHODS FOR PEST CONTROL USING NEEM SEED KERNEL PRODUCTS

Aqueous extracts

Water extracts of ground or pounded neern seeds/seed kernels are

effective to very effective against many freely feedmg and some minIng

pests, such as larvae of Lepidoptera (main target pests), Coleoptera

and mining fhes (AgromyZIdae) If whole neem seeds (seed kernels plus

their hard shell) are used, about 50 g ([or seed kernels alone only 15

- 25 g) per lltre of water are needed The neern seed powder and the

water reqUired are put together I n a bucket for extractIon The extrac­

tion process should last at least five hours The extract IS then fIl­

tered through a piece of cloth, resultmg In a hquld ready for spray­

Ing, which adheres well to plants

/3
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In held expenments of our Inshtute coworkers In Afnca, ASia and

Latm Amenca the followIng Insect pests have been controlled by apph­

cahon of water extracts

Plutella xyJostella and Hellula undails on cabbage (Africa) (Table 1),

HellOthls armIgera and H assulta on tobacco (Asia) (Table 2),

SyJepta derogata on okra (Afnca),

Anomls [Java on cotton (AsIa),

Spodoptera frugIperda on maize (Latm America),

Zonocerus varIegatus and other grasshoppers on gboma (Africa) (Table

3), I

I

HenosepIlachna elaterll on cucurblts (Afnca),

Jacoblella fascIalIs and other pests on eggplant (Africa) (Table 4)

Table 1 Mean feedIng damage by PlutelJa xylostella (aver­

age of three evaluatIOns) and number of plants WIth dead

hearts caused by Hellula undalls (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 800 m all plots fully randomized) (After Dreyer, 1986)

Treatment

Control
NKP, 25 gil
NKP, 50 gil
D~pel, 600 g/ha

Feeding damage

2 1 aY

o c
o c
o b

Number
of dead hearts

7 3 a
o b
o b

lOb

Damage categor~es 0
sl~ghtly damaged, 2
aged

YWlthln columns, means
flcantl} different at

= no feeding damage, 1 outer leaves
conSiderable damage, 3 = plant heav~ly dam-

followed by a common letter are not slgnl­
p = 0 01
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Table 2 Effect of neem extract and conventional insecticide

treatments on tobacco yield In the PhlhpPlnes (After Kirsch,

1986)

Treatment
Y1cld

(kg/ha)

1254 za

1436 ab

1334 ab

1480 ab

1474 ab

1549 b

1405 ab

1360 ab

1401 ab

different

Spray
interval,
1n days

7 ~

I

7

7

7

7

7

7

10

10

ANSKE,
25 g NSI\/l

ANSKE,
~O g "lSK /1

AZT-VR-I\ fC,
15%

AN')KE,
25 g NSI\/l

Z~eans followed by a common letter are not s1gnlf1cantly
at P = 0 OS (Duncan'~ Mult1ple Range Te~t)

AZT-VR-K = Enr1ched, formulated neem seed extract
ANSKE = Aqueous neem seed kernel extract
BAY SIR 14591 = Benzoylphenyl urea (ch1tln synthesIs inhibitor)

Insect1c1de
concn apphed

Control

Tamaron 600 EC,
o 09% a 1

BAY SIR 14591 250 EC,
o 10% a 1

AZT-VR-K EC,
o 15%

AZT-VR-K EC,
o 20%

/'
10
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Table 3 Y1eld of gboma after apphcatlon of neem kernel

powder (NKP) aqueous extract 1n Togo, West Afrlca. (Plot S1ze

1 25 x 3 50 m, all plots fully randomlzed.) (After Dreyer,

1986)

Dosage
(g NKP/l) 8 V 8 VI 10 VII 16 YIII

Yield (kg/plot)

Control 1 0 aY 1 2 a 2 8 ~ J 4 a
12 5 I 3 a 1 6 b 7 1 b 7 7 b
2) 1 9 a 4 1 b 7 1 b 8 9 b
50 1 4 d 1 (, b 6 ) b '] 8 b

Cumulatlve means

YWl.thln t"e-lllmns, m~ans followed by a common letter are not Sl.gnl­
fl.cantly dlfferent at P = 0 01

Table 4 YIeld of eggplants treated with neern kernel powder

(NKP) aqueous extract or neern ad In Togo West Africa

(Plot size 1 80 x 2 70 rn, a II plob fully randomized )

Treatment
14 VI

Cumulatlve yleld (kg/6 plants)
29 VI 14 VII 28 VII

Control o a 0 1 b 2.1 c 8 o b

NKP, 25 gil o 2 a 2. o a 7 7 b 16 3 a

NKP, 50 gil 0 3 a 2 g a 10 2 a 17 8 a

Neem 01.1, ULV, o a 0 6 b 4 9 bc 12 6 ab
5 l/ha

Neem 01.1, ULV, o a 0 7 b 5 8 b 13 8 a
10 I/ha

-W1.th~n columns, means followed by a common letter are not S1.gnl­
f1.cantly different at P = 0 01
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Altogether for more than 100 species of !Osect pests proved to be

sensitive to neem products in laboratory and held tnals.

In case of a contmuous Invasion of pests. several spraylngs In In­

tervals of 7 - 10 days have to be apphed.

Use of neem 011 In storage pest control

Neem 011 can also be obtamed by kneading ground or pounded neem

seed kernels The addition of some water faclhtates the process In or­

der to protect the seeds of cowpea (VIgna ungUIculata) against the
I

bruchld Callosobruchus maculatus dUring storage' In West Afnca. about

4 ml of neem 011 are needed per k Ilogramme of seeds (Zehrer. 1984

Tanzubl1. 1987) The od has to be thoroughly mixed with the seeds

The neern 011 treatment of cowpea seeds IS effecllve for SIX months

or longer. maklOg neem ot! more successful than all synthetiC pesti­

Cides used In storage pest control. Including synthetiC pyrethrolds

Normally. West African farmers store their cowpeas only for a few

months. dUring which the protective properties of the neem 011 are at

their greatest Negative effects. such as bitterness and rancidity were

not considered major problems

Neem od as ULV formulatlOn and suspension with water (3 - 5C}'o)

may a Iso be applied for pest control In vegetables and other crops

These products are usually somewhat less effective than water extracts

but may be useful In controlltng 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 mill or pounded. uSing

locally available tools Sawdust IS then added 10 a volume ratlO of 1

1 to neutrahze the neem od. as It may otherWise be phytotOXic to

young leaves (Dreyer. 1987)

The neem seed powder sawdust mixture IS put In the funnels of

maize or sorghum by hand One tablespoon IS sufficient ThiS method

can be appited to young plants untl1 appearance of the male Inflores­

cence (maize) or the paOlcle (sorghum) Millet (penntsetum) may also

h~ "'-~'~""oA '31T'3.nc:l c:fpmhnrpr.. hv fllnnpl trpatment
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Very good control of stemborers. comparable to that by synthetlc

pesticides. such as carbofuran and endosulfan. were obtained with

neem seed powder-sawdust mixtures In West-Africa against Sesamla ca­

lamlstJS (Dreyer. 1987) and East-Africa agalOst Busseola fusca, both on

maize Similar results were recorded In India against ChIlo partellus

(Sankaram et ai, 1987). which also occurs as a seriOUS malZe and

sorghum pest 10 some parts of tropical Africa

Neem seed powder may also be used for storage pest control but

some problems may arise If the grain to be protected has a high mOIs­

ture content ThiS may lead to development of f"loulds and the produc­

tIOn of mycotox lOS More research IS needed Irl thiS held to overcome

these problems

Use of neem seed cake agaInst nematodes

Where neem Oil IS produced In large quantltles. for Instance for

soap productlOn. neem seed cake IS a valudble by-product It contains

some mtrogen as well as the InsectiCide azadlrachtln and other terpe­

nOlds

The populatlOns of nematodes (MeloJdogyne spp , Pratylen­

chus spp ) (RoGneI' and Zebltz, 1987. S Ahmed and Koppel, 1987) are

reduced by Incorporatlng neem cake Into Infested soil ThiS leads to

less nematode damage to vegetables and conSiderable Improvement In

growth and yield, for Instance In tomatoes The insectiCidal 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 In homopterous rice Insects (plant- and leafhoppers) (v d

Heyde et aL, 1984)

Prospects for the use of neem products by African farmers

Afncan farmers have to be taught that they can grow their own ef­

fective pesticides. thiS IS a speCial chance for them to become more

self-sufflclent It has never been so easy and cheap to extract

effective InsectiCidal plant products and apply them These practlces

cannot be called backward as the products betng apphed operate via

very sophisticated modes of actIOn Furthermore, neem products are

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

f
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marglnal ones on the natural enemies of pests. such as spiders, preda­

ceous mites. ants. earwigs and egg-parasltes (Mansour. 1987, Hellpap.

1986. Josh! et al•• 1982) These are very important features for African

farmers and theu- environment. I believe the use of neem products In

many Afncan countries could be bTlght. provided entomologlsts, exten­

sion-workers and farmers, especially woman. work closely together.

There are already encouragmg activIties In this held In the Sudan. In

Nlgena, Ghana, Tanzama and Kenya, but these should spread to all

other countnes where neem trees can be grown .I am convinced that an

Afncan-wide neem research and apphcatlon Iprogramme withtn the
I

framework of IPM could result in a wldespread use of Simple neem pro-

ducts by many peasant farmers Perhaps such a prograITlme can be 101­

tlated dUring thIS conference here in Dakar
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Preliminary Remarks

Neem extract does not have a direct pOisonous effect on the Inserts but
acts more as a repellent to grasshOppers, leafhoppers, whiteflies E't· I e
these pests are deterred from feeding on plants that have been treated With
the extract or even from colOniZing 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, I e the larvae of Insects
that eat treated plant matenal cannot develop further, stop feeding and die
off

The neetn u.e originates from South"'8Ut Asia and was Introduced to Afnca
.t the begll'\Oll1Q of the century because of rts rapid growth and drought
resistance Today It IS found throughout West Afnca outSide the rain forest
zone In towns and villages It provides both shade and firewood and In and
regions It IS used for afforestation

In Its countnes of ongln neem has a large variety of uses It IS used In
traditional mediCIne and for the production of Insecticides, and the all from
the seeds IS utilIZed 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 IS easy to produce and Involves no financial expenditure In
pnnclple. It can be used for vanOUS crops as long as the user IS aware that It
IS not equally effectIve against all pests The extract 's 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

---.

)..J
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Major Cabbage and Gboma Pests

The major pests on cabbage (white cabbage and cauliflower) and gboma
(local solanaceae also known as "local spinach' In Togo are either the
larvae of moths or, dependrng on the region and season, grasshoppers
These pests are easily controlled WIth neem extract

Cabbage (Brass/ca oleracea)

The caterpillars of two species of moths do significant damage to cabbage
One of these IS the cabbage or diamondback moth (Plutelfaxylostelfa) 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 turns brown In addition, the black trass of the caterpillars salls
the cauliflower head

The second major cabbage pest Is the leaf-mlning moth (HelMa undalis)
The moth lays Its eggs on the leaves of the heart of young cabbage plants
The larvae burrow mto 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 IS not formed

A third less frequent cabbage pest, namely the cotton worm (Spodoptera
IIttora/is) must also be mentioned briefly If Is also a caterpillar and can
therefore eaSily be controlled WIth neam extract It IS 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 "
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Gboma (Solanum aethloplcum)

Gboma IS not generally badly Infested by pests However at the end of the
dry season and at the begInning of Ihe rainY season II can be Infested by
caterpillars of two types of moths and by grasshoppers By far Ihe most
Important pest IS a small leaf-eating caterpillar (Scoblpalpa eryaslma) It
eats away the green plant tissue inside the leaves leaVing only the eplder
mls I e the upper and lower outer surface of the leaves The leaves get
Irregular 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 caterpillar grows to a length of about 10 mm IS

green andh~ ab!"ck-~Rped head

The eaterpillar of the second species (Selepa docills) also feeds on the
leaves but eats the entire pfant tIssue. In particularly severe cases of IOfesta­
lton QnJy the nQs of 1he'leaves remain The caterpillar IS green at first and
Jater tums grey.green With a yellow stnpe on Its back It IS very hau'Y and
grows to a length ofup to 13 mm

j

B.£ST AVAILABLE COpy

Cabbage plant Infested With
Plutella xylostella

Gboma leaves With symptoms caused
byScrob~a~aerga~ma

~
~~J-:JI.

The varlegaled grasshopper
Zonocerus vanegatus

-
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Locusts and Grasshoppers

loaJIts and grasshoppers are polyphagous pests whIch tnfest 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 Iittfe significance One of them, however, Zonocerus vanegatus IS
of great Importance As a nymph thiS Insect IS black and yelloW; later, as an
adult, It Is green with yellowlsh-green antenor wings and a yellow, black and
redhead

It appears at different times In the dIfferent regions of Togo In the Region
MantIme, the~ Centrale and the Rllgion de la Kara it Is found In the
second half of the dry season, while In the Region des Savanes it appears 10

the rainy season and In the R6gJon des Plateaux throughout the entire year

The locusts and grasshoppers feed on the leaves and In cases of senous
Infestation theycompletely strip them

BE'STAVA/LABLE COpy

l'-)
~

Branch of a neem tree With fruit

Harvest and Storage of Neem Seeds

In Togo neem fruit npens tWice a year, In FebruarylMarch and In July/Au­
gust The fruit does not have to be pIcked to obtain th~ kemels Bats and
bIrds eat the sweet flesh of the fruit and SpIt the kemels out

I
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As neem seeds easily go mouldy they have to be dry when stored It IS best
to leave the seeds to dry In the sun for a few days

\>J
'-.. •

Neem seeds should be stored only In airy containers, for example, In a ,ute
sack or basket, and never In plastic bags or sacks
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Production of Neem Water Extract

In order to prepare a neem water extract from neem kernels three times two

handfuls of kernels (about 500 g) are needed per bucket of water (about

10 QIn addition, a mortar Is required to crush the kernels

,,

1
I

- 13-

First the neam seeds are pounded carefully In the mortar so that the shell

splits open without the kernels being damaged It IS best to take only a small

quantity at a time (two handfuls)

Then the rotten kernels, which have lost their brown colour have to be

removed

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

~
'-J\1

,

- I..> -

untrJ 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
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lhe powder Is then added to water and stirred VIgorously This mIxture
should be left to stand for a few hours It 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 kernels from blocking the nozzle
of the sprayer A cloth or fine gauze serves as a filter Now the extract IS

ready '*

,

I ~
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the extract can be applied in another way For example, With a home­

made brush made of fine straw or similar matenal The brush IS dJPped mto

the extract and then passed over the plants several times The drops of

extract resulting from this actIOn have to be spread as evenly as POSSible

overali the leaves ApplICation continues until all the plants arewet

- 21-

FurtherTIps

When watenng crops It IS recommended not to pout the water du'ectiy over

the plants but onto the ground, otherwlsesome of the extract IS washed off

theJeaves

As already mentIOned, the extract does not have a dIreCt poisonous effect

on the pests but etther acts as a repellent or inhibits further development

depending on the type of Insect and the concentration of the extract Thus

the effect of the extract IS not apparent on all pests at the same time In the

case of Insects that are repelled by the extract. J e grasshoppeI's, the effect

can be seen immediately, after spraymg they stop feedlll9 In the case of

caterpillars, however, It can take 2-3 days before they cite off, therefore,

some pattenee is needed

The effect of the extract lasts for a few days and then graduafly decreases

Treatment intervals depend on the crop and the pest In cases of severe

grasshopper ll1festabon treatment should be earned out every 4-5 days In

cases of sltght InfestatiOn, and WIth other pests, i e caterpillars, weekly

treatment suffices cabbage should at any rate be sprayed prophylacbcally

as Infestations of thIS crop are usually severe and damage is frequentty not ;t

apparentuntil it IS too late todo anythingabout it

Gboma does not reqUire prophylactic treatment, but only needs spraYIng

when pests actually occur Water extracts made of clean neem kernels are

not poisonous for humans and dornesbc animals, thus. treated vegetables

can be eaten WIthout any reservations, even if they have been treated only

shortly beforehand In addrtlon, the waterextract has nonegative effectson

the plants cabbage leaves look darker after treatment. but this is of no

SIgnificance to the growth orquabtyof the vegetable

~---



SECTION IV

{~I



Togolcc;e Republic
Union - Peace - Solidarity
Mi/llstry of Rural Development

-~ Dculsche Gesellsctlal1 lur
~~~ TecIY1sche zUSlJ/l"f'IIlWWbI IGTZI GmbH

Edited by the
Plant Prolectron DIrectorate
B P 1263 Tel 21-37-73 LOIOO-Cacaveh

------ -------
Technical Leaflet
Plant Protection

-
~

vJ
~

The PreservatIon of Beans (Cowpeas) wIth Neem 011
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P"ellnurnuy Remarks

1lle 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

res&stance Today it Is found throughout West Afnca outSide the ralll forest

zone In towns and villages it proVIdes both shade and firewood and In and

regIOns it IS used forafforestatIOn

'n Its countries of oogl" neem has a large vanety of uses It IS used In

traclltJonaf medICine and for the production of inSectICIdeS. and the 011 from

the seeds Is uttllzed as fuel for tamps or for making soap In addttlOn neem

on can be used as a natural protectlve agent for stored beans ThIs specI8J

useisnowtobe~ •

~aeconstituteaf118JOrproblem when storing beans (cowpeas) These

~~~ into the beans and eat the contents The infestation can be

I *a 1evera,I~J~ ....,,..;,;......, every bean is hollowed out and becomes Inedible
T'''1' 1It'~~l ..Jt~:F I~ ....,.~J'

"~~f\
~~~~ ~Iy effecbve and cheap protective agent for

, ,i~ ~I. I ~ '!' the 01' J$11fl1lxe4 with the beans they are free of bnJchld

~. regardless of whether the beaflS were

r\~
~ c;toes not give nsa to any costs The ollis

'~thA kernels used for Its production were not
r.!~r

inhibits the germination capacrty of the
,,1'

1\'1

-3-

Harvesting and Stonng of Neem Seeds

In Togo neern frUit npens tWice a year, In FebruarylMarch 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 kernels out

Branch of a neern tree With frUit (see title page)

~...;;;.



-~
---{::.

-6-

I
I

I,,

When making neem 011 It is important to ensure that the seeds arej dry As
naern seeds easily go mouldy they have to be dry when stored,rIt IS
best to leave the $8Gds todry In the sun for a few days

I
I

I

-7-

Neem seeds should be stored only In wry containers. for example, In a Jute
sack or basket, and never in plastIc bags orsacks
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Production of Neem 011

For 011 extraction, the neem seeds must first of all be well dried, as 81,teady
mentIoned Then the seeds are shelled There are different ways of !i.'0lng
thIS For example, by cracking the shells With stones or even by hand row­
ever the easiest way IS to put the seeds In a large mortar (such as Is used
for making "foufou") and to pound them gently until the shells spirt I, pen
About two handfuls of nearn seeds suffice at a tIme I

...r:
'-.N

-9-

The seeds have to be pounded carefully so that the shells split open without
the kernels being crushed
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Now only the brownIsh kernels from the seeds are left Rotten seeds, whICh
have lost their brown colour, have to be removed In any case as th1ey may
contain tOXIC chemicals produced by fungi

-0-

-I:.
~ ""\

- 13-

The brown kernels are put back Into the mortar
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The powder has to be kneaded In order to squeeze out the 011 To do so
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

..t:.
~ ~
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Now the paste IS kneaded This IS best done in a bowl so that no eX5t~ed

ollIS lost '

- 19-

After kneading for a while the all begins to ooze out Now the paste can

be squeezed tightly and more 011 wIll come out Then the paste IS kneaded

and squeezed a1temately until no more oil comes out In this way about

, 00-150 ml all can beextracted from a kg ofneem seeds

The ollis very bitter

Note Neem 011 can be produced In other ways, for example In the tradI­

tional way In which groundnut OlliS made, heating does not damage the 011

SlOce only small quantities of 011 are usually reqUired, the method descnbed

IS probably the simplest one
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Treatment of Beans with Neem Oil

~

(I

ill

- ?1-

~

-
2-3 ml of neem 011

per kg of beans

Beans must be threshed before they are treated WIth neem 011 2-3 mil 011 are
required per kg of beans Thus, for a 100 kg sack about 250 ml of 011 would
be needed It IS better to use too much 011 rather than too little

-.:::::'

1 measure" 70 ml i"

q.

•

.~

f

\tJ ..:s:...
~ ~

fr,
As It IS usually difficult to find measures for ml, subStitute 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

•



.------- -- C.}

"
- 22- -23 -

..~
beans. . .

W

11

t
..

I

•

I
Ii
II

I

I

Or to treat ten bowls (of 2 5 kg each) one measure of neam ollIs reqUIred

Thus, In order to treat a whole sack of beans (100 kg) with neem ¢III, four
me&SlOS of 011 (- 280 mQ are needed

..

f
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A large bowl IS needed when treating the beans Depending on the quan­
tity of beans (for example, ten bowls - 25 kg) the appropnate quantity of
neam OlliS added to the bowl of beans On the example 1 measure = 70 ml)

~

- :.'''i -

Then the beans are mixed thoroughly to ensure that the ollIS well dlstn­
buted It IS Important that the all IS spread evenly on all the beans for an
effective treatment For this reason, It IS expedIent to add only part of the all
at first, mix It With the beans and then add the rest of the all and mix again
After treatment the bean.s are stored In sacks or pots as usual
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Neem Od and Its Effect

Neem 011 is not dwectly poISOnOUS for Bruchldae Thus, If the beans are
aJready Infested, theparasites will not be killed mmedl8tely However, neem
Olllnhlbits the further development of the beetles' larvae and the layJng of
eggs by adult beetles Pupae and adults are not killed off by the 011 Thus
INabeetlesmaystili 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 011 protects the beans from renewed infestation for at least SIX

months

Neem ollis extremely bitter but, as already mentioned. not potsonous As
the concentration Is very low there Is little danger that the beans will taste
bitter later on People who were served dishes wrth beans treated With
neem 011 did not noticea bitter taste

However, should the beans taste bitter, they are to be soaked in hol water
fora fewminutes to remove the bittersubstances before prepanng them

Neem oR does not affect the genmnatlon capacity of the beans Thus It can
also be usedfor preserving seeds

,;

~
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What IS the aim of thIs brochure?

This brochure contams Information on the use of insecticIdes
from the neem tree It shows howsUbstances which are already
present In nature can be used to control and drrve away cater
pillars larvae of beetles. grasshoppers plant and leafhoppers
and other plant pests
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Damage to crops
Insects pan inflict great damage to crops Many farmers there

tore. usesynthetic pestloldes In order to dnve away or to control

these pests Howevet many of these synthetic pesticides are

also hl9h1y pOts<mous for humans and ltvestock Moreover

these substances destroy a great number of useful Insects

which are an Important factor 10 the natural control of pests As

a reSUlt, the plants an~ left unprotected agalOst pests and In·

creased spraYIng of pestiCides IS thus necessary

These disadvantages can be avoIded by uSing biological pestl

c.des suoh as extracts from the neem tree which are both eHec

tlve In oontrolllng pests and, at the same time, harmless to

humans and other warm blooded organisms
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A,zadlrachtm the most Importdnt nsect Clcldl substance contal
ned In the plant has, even in very small doses a growth dlsrup
tlng effect on many Insect larvae I e Insects V\hlch 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
feeding as a reaction to azadlrac.:Vin As tests ~ave repeatedly
confirmed due to Its special moce of actlo'l the neam extr<3ct 1$
qUite harmless for useful Insects Unlike synthetic pesticides
tests carried out over a longer penod indicate thdt development
of any resistance to the neem extract IS In the> short term unpro
bable However, '!vhere intensive .Jegc+able cultivation I"> pr8.ctl
ced the exclUSive use of neam extract IS tn<l.dvlsable
One great advantage of the neem extraC't IS trdt even after re
peated applicatIOn on vegetable crops, It remains perfectly
harmleSS for humans

Further Information IS available fraPl the consultant or from tho
coorclrnator of the follOWing WOJec..t

Gewmnung natOrhcher Inscktlzlde au& troplschen Pflanzen
Deutsche Gesellschaft fur Technlsche Zusammendrbelt (GT2)
Postfach 5180
6236 Eschborn 1
Bundesrepublik Deutschland

therrl
dUce
tree 00
and tU'rne(;llrt
kernels are ml:<ed with Wl!i
treat the plants

~

I
~
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What IS the neem tree?
The neem trae IS native to tropical South-East ASia where It IS

recoQ(lIted asan important medIcinal plant As It grows qUIckly
and IS extremelY 4rQ!.Ight rSStstsm. It has been cultIvated for a
longtlmefnth&ar.t4zones ofAsla. Afncaand Central Amenca as
a source of tlmbet tn lndm and Sf! Lanka, Its seeds and leaves
areusedforstorep$$tcontrol and 0111$extracted from the seeds
for the productIon of soap Both thEi cold pressed neem 011 and
the ol1..free part of the seed kernel can be used for pest control
The leaves of the naern tree also eontam lOsectlcldal and repel
lent substances although In much lower concentrations

4
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Some additional InformatioQ \ " ;~n \. '«~ , ,
"l ~J",.,>%~","'ll , '

The neem tree (Azadlrachta mdtoaA, J!Jss) thf'lyes almost any
where mthe tropical lowland, up t¢ aoqm above $$8 level It IS
resistant toextreme droughtand grb~'wheretheannual ra~nfafl
IS as sparse as 300 mm Moreov$f, It Qrgyv5 Vf3fY qUickly and
makes few demands00 the soil fectlllty'The neemtr~ therefore.
grows In awide vanety of plac~. Hilltopsarid Intend.. depleted
land (eg , eroded htll~d6$) are 8&$uttable a~ stony. flat land or
hard latents The neem tree may be U$$d to lffle avenues, to
border roads or fields and In mlxe<! ~lJ)tivatlon JNlth fn,f1t trees
The averageannual TWit YIeld from a f!latur~;tn~~m tree IS above
20 1<g>O Apart from Insecticides neemoil~Y~~~r'acted from
the seed 30 kg neem seeds prQ.d4ce 6'...~~ '011. The r~lJltlOg
'r$$ldue can be used to make lnflHaollCldes tn~t·slrfll!ar way"as
from the whole neem seeds deSCft~d'E!~rUE:1!> \}, i: " .
All partsof theneem tree can be Utlhled II'Uiactl~rdalsubstanoes
are present In vanous pans of th$~t&~J~$l'tqre$~99f'1~entre..
tlOI1S are, however, cO!it8l1led In th$~~$h,tBt:f~'t'~..,,,~,, :,

~ -, ~ ~\ 'q~ ~ "- ~ )
...... ,,' '-;. ... y..~ t'(>~)·~ ~y.t,~f~,~ ~ 'to *'
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How are the neem trees planted?

The seeds should be as fresh as pas"" blp as older seeds often
do not germinate Provided that only a few treos are to be
planted and there 1$ sufficient mOisture available with ml'1lmum
"..eeds 'he seeds may be sown directly In 0 tr.e ground Two to
three seeds are placed together about 1 em deep 'n loose &011

After germlnatton. only the strongest pldnt should be retaltled
When planting a large number It IS advlsaele to cultivate young
plants first In pots. trays or plastic bdgS After about 3 months
.hey should be transplanted Into the ground When USlnQ bags
or pots care should be taken that the plRnts arE' not allowed to
develop to a stage where the tap root has pierced the bottom
and has to be shortened before transplan atlon ThiS wealtens
the trees and substantially slows their grO\"vth

32
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Which types of crops are best sUited for treatment
with n&em ins*lottctdes?,
Neem extraots are particularly sUitable fQr use on vegetables
and smitll~e field crops If suffiCIent water and sprayers are
available It IS also posSIble to treat larger fields

- 6 . 31
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What other uses are there for neern oil?

Apart from Its previously described '3pr1lcat on for storage pro
tectlon neern 011 IS extremely sUltahlE' for the mc.H1ufac1ure of
soap The olliS processed Into soap In the u::.ual \vay w tt" potash
or soda

In what other ways can the neern tree be used?

Apart from its sUltablhty to provide shade and for affore~tatlon

the wood of the neem tree IS very much In demand The trunk
and branches are Ideal for building being both strong and rather
resistant to termites It IS also used for flrE'wood dnd In the maKing
of charcoal
There IS an Important pOint to remember when u& ng neem fa'
firewood If as IS common pIactlce In many countlles the bran­
ches and the top of the tree are regularly pruned It Will be some
time before the trees agaIn produce fruIt as they wll. first try to re
establish branches Thus the combined use of the neem tree for
Insecticide and firewood IS only possible ,~ hen the tree IS left
undisturbed for several years In other "..,ords In Older to pro
duce insectICide the ongmal branches should be left Intact (frUIt
production begins In 3 - 4 years) Only trees that are ell least
10 years old should be used for flrewood and only after the
younger trees planted later, have b8qlJn tn produce SJ'ilclent
frUit

·30
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Howto dry the fle$m seeds?
In ordQr!to dry tn, _ed$, they are spread out for a few days on
asolid afld dry 9rt\l"lng )0 the sun The layer of seeds should be
as thin as possible,'$$ when drymg grain, legumes coffee or
coooaPesns Thedrying processmust beeamed out very care
tully a"uodrled seeds can become mouldy qUIckly Dunng the
rainy*$on the seeds to be dried should be promptly covered
over o(,prought tndoors before ram showers begin
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By altl:lrnaMg kneadmg and preSSing oftP$~pa$te 'In abowl the
neern ?It 1$ released USlfIg thlS ~tf)9Q It,ts pO,$,$I~la to ex;U~ct
1SQ rpl oH ffQl111 kg powd~r The legume'$e~d$ ~~.traated WI1l1
neeroQd extracted 10 the foJlowln~ \tlanoEW'The t\ppropr1ate
amount of neem OlliS mixed Wlth the ~gu~ seeds in a Jarg~f
bowl Qf elrnllar container (3 ml per" ~g sr~fI);i then thEt se$d~ ;
may be stored In the vsual way ! ,,>' ,,~"" '~ " ' ,
Neem ollIS nQn pOlsonovs but ¥~ry blt!e~ $.Y$}f~$tlly treat~d

legumes ta~te at first very sharp Tlil~ ~~$te~~~~~~ howeVQr.
after ato 4 weeks '" ,,\ ~. ~~->' '\~' " ,
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If the crushed seeds are very hard and bnrle they should be
mOistened and left to stand fo Y several ''"lours ;ntll they can be
pressed together by hand Crushing the seeds In a mffl or mortar
prod-.lces a rough sticky mixture out of which 011 car be pressed
by kneading Usually It IS necessary to add a little I,Jater'o mdl--e
kneddtng casler
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How are neem seeds processed?

To produce a spraYing mIxture with 10 htres of water 500 9 neem
seeds are reqUired IfIt IS not possible to weIgh the seeds contal
ners, suCh as tradItional measunng tins ano pots etc where tl1e
capaoity IS known are equally sUitable for measunng the correct
amount of seeds and water
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BrUChld pest control to stored legumes usmg neam
I ,"

01 ~ " '" ,
f- • '"

Thi$ olliS extracted from the neam seed kamels (011 content 40
- 50 lit) When used for storage protectionItshould be carefully
pressed either by machme or vanous other tradltk:mal methOO$
As onlY a very small amount of all (30 ml od Per 100 I<g gram) 1$

reqUired, presSing by hand \$ practicable, Toe ee.eds must first
be shelled, by cracking the shells wIth a ~tqne:or gently poun
ding If! a mortarand fmally by WInnOWIf'lS t9femQve the $h~llpar-
tIcles " <'''~ : ,

) . .... ,,"-
": "> ~ •

"), ,-:<\ ('" ...., ':.::. ":ff.:;:'

27 -

I



l~

Bruchrds In stored beans and other legumes

Stored gra n legumes can easily be Infested \"IIth bruchlds
These are small beetles whose lan,a€' eat Into the qra n The bru
c,t"l1ds can be controlleo sImp y by (nIxing the legumes \,>;,th
neem 011
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How can neem powderherp to QQnt~ stem borer$on

I t? ' '"' \1 Syoung p an s ' ,~, ;, ~ ,,'"*, , "-
',,,

Stem borers on young corn and sorghum p~ntsoan becQ(\lrQI­
led relatively easily with crushed neem",~~d~ (tne powder f)Or­
mally used to mn< with water) A smalt>~m01Jnt9f PQwd~rml-xed
with sawdust or dry clay at a ratio Qf 1:1 Is plaoE'id In the funnel
1 kg powder should be sufflC1ent for 1500"- 2Q9Q plants,
In thIS method, ramwater dl$so!ve$ th~ substanc~s In tne neem
seeds as It gathers m the funnel and wa$hes~ut the powder
Where rainfall IS Irregular a liquid ,neero -$6(id extract can b~ '
spray~d I1'\to the funnel ,' ; , "
This treatment should be repeated everyato 1Q days dunng the
sensitive growing phase ThUS, r04ghfy three treatments are
suffiCient for protection agamst $t~m oOfers ThiS recommenda
tlon applies only for young plant~ before fJowennQ and not for
older plants " ' >
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lesser molon fly (larvae)
(OacJs clilatus)

Poor pest control

Fruit flies

Larvae of these pests feed
InsIde fruits, where they are
protected from neem apph·
catIons Therefore. It IS not
posstble to control them with
neem extracts

- 24
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Ddrnages ef ected bv sOldN I""lltps

'0 manioc

Poor pest control

SPldeC'11lte'S

These are very small pests
which suck on leaves In field
tests, efforts to control them
WIth aqueous or alcoholiC
neem extracts have not been
successful
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Green stink bug (Nezara vmdula)

4-

..)

-'

He met scale (Sa.ssetla coffea)

~

~G..
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Fair pest control

Bugs

Poor pest control

M¥.al>;:b';'9s1Scale Insects

If nosprayer IS available the extract may be applied with a straw
brush In this case, Itneednot be fJltered A brush made with flne
flexiblestraw IS simply dipped IOta the solution and shaken over
the Plants until all the leaves are mOistened The effect of the
neem substance lasts between 3 to 6 days, regardless of how It
wasapphed

These are very active plant
pests of vanous sizes which
are fou nd on practically all
major crops In practlce
neem extracts have had
some effects on developing
stages but not on the adults
of lhesa bugs

Both are slgmflcant pest
groups partlCUlarly In fn.llt
trees and on other perennial
crops To date, no signIficant
mfluenceof neem extracts on
these Insects has been
demonstrated
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Green peach aphId
(Myws pef'Slba.$)

Fair pest control '
AphIds

A single application of neem
extra.ct Is seldom successful
In reducing aphids In field
creps Regular spraymg with
higher concentratIons of
water extracts or other 011­
nch products can, however,
reduce theIr number con·
slderably

·22
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Tobacco wh telly (adults)
(Bern Sla tabac')

Fair pest control
Whltefhes

These are very small msects
As fully grown Insects, they
settle on lhe undersIde of the
leaves and fly off when the
leaves are touched It has
been observed. In some
cases, that white fhes were
repelled by the nsem sub
stances and avo d settling
and egg laying on neem
treated plants for some time
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, hard times for Insects'

Cotton laS$ld (nymphs}
(Affirasca blguttula)

Good pest control

Leaf and planthoepe!l!

Leaf and planthoppers suck
on leaves stalks and frUit
Larvae which feed on neem
residues show growth dls­
rupbon while the females lay
fewer eggs The majority of
leaf- and planthoppers stud­
Ied to date were also deterred
from settling on plants
treated with neem

SfOwn teat beetle
(O~tht;l~ ll'l4tabllIS}

Fair pest controJ

Adult beetles

This refers to species which
feed on the leaves of crops
when these Insects are fully
grown Some are totally
repelled by the factlve sub­
stanCeS wtllie others are only
slightly deterred Egg-laying
may be strongly reduced It
femalnS ultlmately up to the
user to acqUire expenence
With the type of beetle In hiS
particular area

I
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Desert locust
(SCfllstocerca gregana)

Good pest control
Grassh0!2Qers

Neem substances disrupt
the growth process of grass
hopper nymphs and reduce
the egg laying oapaclty In the
full-grown Insects Many
grasshopper species In AsIa
and Afnca are deterred from
fooLllng on plants which have
been treated with nearn
extracts

I~

Darnaqe effe<..ted by larvae of d leaf
miner (L r omy"', tnfoll1) to a sw~el

melon

Good pest control

Leaf !,!,1!1e~

These small larvae of moths
and thes eat theIr way mto the
leaf substance leaving only
the outer skm (epidermis) on
the upper and lower stde of
the leaf This results In trans­
parent patches on the leaves
known as mines f=urther
development of these larvae
IS prevented by neem
extracts
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MElllloan bear>beetle lar...ae
(Epllachna Vatl~IS),

Very good pest control

Larvae of beetles,

Some types of larvae of beet
les feed on leaves and In this
way mfllet great damage The
reaction of the larvae 1$ Slml~

Jar to that of the caterpillars
their growth IS olSrupted
theIr feeding activIty reduced
ana finally they die off

DiamondbaCK moth larvae
(Plu ella ~y!os;ella}

~
~. 1

t-it i l k'
~' t r

Very good pest control

CaterpI~a.r!,..ofbutterflies and

~

Almost all types which feed
openly on leaves and other
pariS of plants can be Con
trolled This applies both for
small and large caterpillars
The Insects react With growth
d sruptlon dfter spraying
they redu£.e feeulng and d,o
usually 1....lthn 2 - 4 days
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FOCUS ON PHYTOCHEMICAL PESTICIDES

SERIES INTRODUCTION

There ISample eVidence toshowthat the plantkmgdom IS avaststorehouse ofchemical
substances manufacturedand usedbyplants fordefensefrom attackbyInsects, bacteria,
and viruses Manyof these plaflts, aswell as their chemical components, havebeen used
since ancient tImes to prevent and treat diseases occumng In higher animals, Includmg
humans The sclentlftc and pseUdoSCIentific hterature IS replete WIth such reports, some
of whIch have been confirmed by laboratory and clinical tnals, and yet others which have
been shown to be worthless for these purposes

The CRC Senes FOCUS ON PHYTOCHEMICAL PESTICIDES IS enVISIoned as a
comprehensIve senes of state-of-the artvolumes covenng all aspects ofplant use as crop
protectants from attack by msects, diseases fungi nematodes, and predatory Wildlife
such as coyotes wolves and rodents Coverage will not however, be hmltedtoprotectlon
of crops but WIll also Include the use of plants to protect humans and farm animals from
diseases transmItted through mollusks, fungi and viruses Each volume 10 thiS senes Will
contam detailed compilatIOns contnbuted by known authontles In the partIcular field The
hIgh quality of the Information contaIned In these volumes WIll be assured With the aid of
an AdVISOry Board composed ofworldWIde authorltles In the phytochemical pestICIde field

M Jacobson
Editor-in ChIef



PREFACE
Volume I The Neem Tree

Approximately one third of the wol1d food crop IS damaged or destroyed by msect pests
dunnggrowth,harvest, and storage Losses are conSiderably hJgher In manyunderdevel
oped countnes of Asia and Afnca The monetary loss due to feeding by larvae and adults
of pest Insects amounts to billions ofdollars each year Furthermore, the comfort and well
belllg of humans and beneficial antmals are affected directly by household and enVIron­
mental pests such as lice,ants, roaches, ticks, wasps, and mosquitoes, some ofwhich are
cflS88S9 earners and transmitters Many of the synthetic pesticides preVIOUsly used for
Insectcontrol havebeenbannedor their use senouslycurtailed because ofconcem about
health and environmental effects Also, the adaptability of Insects threatens to undermine
the effectIVeness ofeXisting pestiCides It IS therefore Imperative that safe, biodegradable
substitutes for the synthetic peStiCideS be discovered

Over theyears, awealth of literature has accumulated In SCientifiCJournals books and
other reports on the effectIVeness of plants as insect feeding deterrents repellents
tOXicants, and dlsruptants of Insect growth and development Heading the list 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, Azadtrachta mdlca A
Juss, a hardy member of the plant farmly Mehaceae It IS therefore fitting 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 partsofthiS tree agamst countless species of Insects nematodes,bactena and VIrUseS
the First Intematlonal Neem Conference was held June 16-18, 1980, at Rottach-Egern
West Germany, with more than 40 SCientiSts (chemiSts, entomologiSts botaniSts physl
OloglSts, and zoologiSts) from 4 continents In attendance At thiS Conference, an Informal
steenng committee was appointed that qUickly became known as the -Neem Mafia",
conSisting of Professors K R S Ascher (Volcani Center, Bet Dagan Israel) E 0 Morgan
(UnIVersity of Keele, UK). H Rembold (Max Planck Institute of Biochemistry. MUnich
WestGermany) R C Saxena (International RICe Research Instrtute Manila Phlhpplnes)
H Schmutterer (Justus Liebig UniVerSity, Glessen West Germany) L M Schoonhoven
(Agncultural UniVersity, Wagemngen The Netherlands). and me This Conference was so
successful In stimulatingWOrldwide Interestand actIVity In the efficacyof the neem tree that
It was followed by the Second International Neem Conference, held May 25-28. 1983
In RaUlschholzhausen, West Germany (105 participants) and the Third International
Neem Conference held July 10-17 1986 In Nairobi, Kenya (64 partiCipants)

We express our heartfelt thanks to the Gesellschaft fUr Technlsche Zusammenarbelt
(GTZ) Eschbom West Germany for sponsonng and prOViding generous funding of all
three Conferences, making poSSible the attendance and partiCIpation of numerous
scientists from Asia and Afnca where the neam tree IS naturally endemIC and WIdely used
as apesticide Weare alsograteful to Drs B S Parmarand R P Singh Indian Agncultural
Research Institute (IARI), New Deihl, India, for their continuing efforts to keep neem
scIentists worldWIde Informed ofprogress through quarterlypubhcatlon and dlstnbutlon of
the Neem News/ener, which began In 1984

Cooperative research between botaniSts, chemISts and entomologISts has very
recently resulted In the commerCializatIOn of neem formulattons as Insect control agents
In AsIa Europe, and theUS,aswell as the successful cultIVation of the tree In many areas
where It nad not preVIOUsly eXisted

M Jacobson



THE EDITOR

Martin JacobsonreceIVed his B S degree Inchemistry from the City UmversltyofNew
York In 1940 He then accepted an offer as achemist with the Industrial Hygiene DIVIsion
of the Natlonallnstrtutes 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)
Agncultural Research Center, Beltsville, MD, asaresearchchemlStto Isolate,ldentJfy,and
synthesize phytochemICal pestK:1des, Insect hormones, and Insect sex pheromones
Dunng this penocl he pursued evemng graduate studies In chemistry and mICrobiology at
GeorgeWashIngton University,Washington, D C Healso served asapart-tIme Research
AssOCIate In Chemistry at that UmverSity dunng the penod 1944 to 1948

From 1964 to 1972, Mr Jacobson was an Investigations Leader wrth the Entomology
Research DIVISion at Beltsville Chief of the Biologically Active Natural Products Labora
tory from 1973 to 1985 and Research Leader (Plant Investigations) With the Insect
Chemical Ecology Laboratory until hiS retirement from Federal Service In 1986 He IS
currently an agncultural consultant 10 prtvate practIce In Silver Spnng MD

Dunng hiS long career wrth the USDA Mr Jacobson spent several weeks In 1971 as
a Visiting Scientist teaching agraduate course on Insectpheromones and hormones In the
Department of Chemistry, UniverSIty of Idaho, Moscow He was inVIted to organize
numerous symposiaand speakat nabonal and international sCientificmeetings In the US,
Europe, Asia, and Afnca In the field ofpestiCides and sex pheromones occurring naturally
In plants and IOsectS, respectively HIS awards Includethe Hillebrand Pnze of the Chemical
SOCIety of Washington In 1971, USDA Certificates of Ment and cash awards for research
10 1965, 1967t and 1968, the McGregory lecture Award 10 Chemistry atColgate Umver;srty
(Syracuse NY), two bronze medals for excellence In research at the 3rd International
Congress of PestICide ChemiStry HelSinki Finland In 1974 USDA Director S Award on
Natural Products research 10 1981 and an Inventor's IncentIVe Award for commerClahza
bOn of a boll weeVIl deterrent In 1983

Mr Jacobson has been amemberof the American Chemica! Society ChemicalSOCIety
of Washington, Pesticide Sclence Society of Washington Amencan ASSOCiation for the
Advancement of SCience, New York Academy of SCiences and a Fellow of the Washing­
ton Academy of Sctences He IS the author or coauthor of more than 300 SCientifiC reports
In numerous journals the author of four books (Insect SexAttractants John Wiley & Sons
1965 Insect Sex Pheromones AcademiC Press 1972, InsectiCides From Plants A
ReView of the Literature 1941-1953 USDA Handbook 154 1958 InsectICides From
Plants A ReView of the literature 1954-1971 USDA Handbook 461, 1975) and edrtor
ofthe book Naturally Occumng InsectiCIdes Marcel Dekker 1971 He also holds SIX U S
Patents on naturally occumng insectiCides
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Cultivation and Propagation of
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2 Focus On Phytochemical Pesticides

I DISTRIBUTION

Neem IS thought to have onglnated In Burma and IS common throughout the open
scrub forest In the dry zone and on the SIWalik hills, and If It IS natIVe to India It occurs
naturally only In Kamatak and In parts of the Deccan Pentnsula 1 In Its native environ­
ments, neam IS generally found grOWIng In mixed forests, and aSSOCIated WIth other
broadleaf Species, such as AcaCIa sp and Dalbergls SISSOO It grows In troptcal to
subtropIcal regions, semland to wet troptcal regions, and from sea level to over 610 m
(2000 tt) It IS cultIVated throughout India, and In many places has become Wild (The
fruit IS not tOXIC to btrds and bats and It IS reported that they are mainly responsible for
the spread of Wild neem ) It IS now found In many places outside ItS native dlstnbutlon
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 rn (2200 tt) 2

However according to Ahmed and Gralnge 3 neern IS natIve to the Indo Pakistan
subcontinent while others attribute ItS nativity to the dry forest areas of India Pakistan
Srr Lanka MalaYSia, IndoneSia Thailand and Burma 4 Nevertheless neem IS found
throughout PakIstan, Sn Lanka. southern MalaySIa IndoneSia Thailand and the north­
ern plainS of Yemen and has been recently Introduced Into SaUdi Arabia The Philippines
has also begun wldescale plantings of neem for fuelwood and pestiCide production It
IS known that 19lt\ century Immigrants earned the tree from the Indo-Pakistan region to
FIJI and It has now spread to other Islands In the South Pacific

East Indian ImmIgrants Introduced neem to Mauntlus and It IS thought that they took
It to a number of African countries It IS now Widely cultIvated on the Afncan contment
In Ethiopia, Somaha, Kenya Tanzania, Mozambique, Mauntanla Togo Ivory Coast
Cameroon Nlgena. GUinea Ghana Gambia, Sudan, Bentn Mall Niger Burkina Faso
Chad and Senegal, particularly In rainfall defiCient regions

Neem was also Introduced Into several Caribbean nations by East Indian Immigrants
and IS now propagated by IndIan communities as a medlcmal plant In Trinidad and
Tobago Jamaica Surtname Guyana and Barbados S 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 Haiti In addition to the ongoing expertmental cultivation of neem In Puerto RICO and
the U S Virgin Islands plantings an southem Florida are thrrvlng and the fIeld cultivation
of neem In Oklahoma southern Calrforma and Anzona has begun 36-11

II ADAPTATION

Neem grows well from sea level to over 670 m (2000 ft) and can be established In

hot and dry regions Without Irrigation Neem thrtves under subhumld to semi and con­
ditIOns and can be established In areas With an annual rainfall of 450 to 750 mm (18
to 30 In) Optimum growth IS obtained In higher rainfall areas (1150 mm) 130 mm/year
IS suffiCient for survival 4 but It needs 450 mm to grow successfully It grows where
maximum shade temperature may be as h'9h as 49"C (120°F), but It does not stand
excessive cold Neem IS frost-tender especially In the seedling and sapling stages but
It IS grown In frost zones of the sub Himalayan tract by protecting seedlings dUring the
winter With screens 7 Fire often kills It outnght 2 e!l According to Gorse 10 neem IS not a
very SOCiable tree does not grow well In pure stands (plantations In Afnca often die out
In 3 to 10 years) and IS very competlttve for water and SOil nutnenls thus It does not
grow well on marginal SOils

Neem seems to grow best In deep sandy SOils that are well drained but can grow In
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practically all sorts of soli It thnves on black cotton soli In India and does not do badly
even on clay It does better than most species In dry localities, on sandy, stony shallow
solis with a waterless subsoil or In places where there IS a hard calcareous or c1aypan
(hardpan) not far from the surface However, neem WIll grow much better If thIS hardpan
IS broken up before planting OccasIOnally, neem WIll initially grow well on solis 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 sotls 11 however, neam hasbeen reported
to be susceptible to moderate sallnsty to the Sudan 12 Thus within the speaes, some
provenances must be more genetically tolerant to salinity than others FlShwlck'3 ob­
serves that the best neam growth IS found on sites WIth a soli pH of between 6 2 and
7+

Neem does not tolerate waterlogged sotls, and does not do well on soils With Impeded
drainage and on solis subJect to inundation Growth IS not good on poorly drained SOils,
because the taproot tends to rot and the trees gradually die In Nlgena, De Jussleu'4

reported that the best neem groves grew where the water table was 1 5 to 1 75 m down
at 25m. 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 Afnca 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 extensive lateral root systems WIth only pseudo taproots developing that do
not penetrate deep Into the subSOIl In some SOils the water table markedly nses dunng
the raIny season and If thIS nse persists the roots of neem trees may smother

Neem does not grow well In solis With high proportions of very fine sand or Slit or
ftnely diVided mIca the yellowlFlQ of leaves IS often followed by death • This may be a
result of nutnent defICiency Research by Zech15 determmed 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 IS 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 chlorOSIS and necrosIS result

In Nlgena where systematic tests have been conducted, It was observed that very
successful neem groves could be found In SOIls haVing a high clay corltent (67%) while
trees died out on SOlis With a high sand content (83%) 14

Neem has been planted on plantation scale In Nlgena 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 'O states that neem IS often the preferred
species for plantIng In semIarid areas because animals do not readily browse It, and
when they do mortality IS low and neeii'l recovers rapIdly However, Welle '7 reports
severe stunting of neem gIrdled from bar1< feeding by goats

III SILVICULTURAL AND PLANTATION CHARACTERISTICS

In India, neem IS generally found In mIXed forests So far, little IS known about the
behaVior of neem In plant commumtles and Its ecological potentlal and limitations
IndIVIdual neem trees are reported to live for 200 years 2 It seems to do much better
on an Isolated baSIS than In full groves, and grows beautifully along roadstdes, or as
Isolated shade trees It also does well In mixed Species plantlrtgs and In relatvely well­
spaced rows (approximately 3 m apart) along contour line ditches 14 Michel-Kim and

II'IM' r PECTiNEi '"
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Brandt'8 report that expenence In India and Afnca indicates that neem may not be sUited
for monoculture This contentIon IS supported by Gorse 'O who states that neem IS not
a soetable tree and plantations often die after 3 to 10 years, eSpecially on poorer Sttes
He contends that neem must be pruned or It Will die back, which can be aVOided by
pollardlng the tree However, many report neam growlr19 well In monoculture In plan
tatlons 9 13 19.20 One explanation tOf thIS vanance IS that naem IS very demanding on
both water and minerai nutnents, and on solis where nutnents are limited neern will not
do well In monocultural plantations

Neern grows better With shade In Its early stage of growth, but demands light as It
matures Therefore, It has a great capaCity tor pushing Its way through thorny scrub In
Its youth Welle17 reports neam growing eXceedingly well In plantations In Haiti where
Leucaena leucocephala IS Interplanted as a nurse crop With trees haVing a better form
(the elephant-foot stump type growth With a large taper IS reduced) Radwanslu and
Wlckens8 report that transplants are likely to be senously Injured by developing leaf
spot (clorosls) as a result of insolation (grown In full sunlight) thus neem does best 10

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 unl;1erstory

IV GROWTH

Neem IS reported to grow relatively fast, but vanes greatly depending upon Its envi
ronment, site charactenstlcs, and the genetic capability of the plant matenal Slower
growth results at hlQher elevatIOnS, at colder temperatures and on dnar SItes Radwanski7

reports that 66% of the total growth of the tree Will occur In the f.rst 3 years dUring
which It will reach a height of 4 to 7 m, It Will reach 5 to 11 m In the follOWing 5 years
Seedlings show moderate development, ordlnanly reaching a height of 10 to 20 em (4
to 8 In ) by the end of the first year As a rule, trees put on a mean annual girth Increment
of 2 to 3 em (0 9 to 1 2 In) though more rapid growth IS obtained under more favorable
conditions De Jussleu '4 reports that tn lITIgated groves In India, 16-year-old naem trees
reached diameters over 40 cm, but trees grown In thiS way break more easily and are
subject to Wind damage Under mec!tocre conditions the average diameter of trees In
a 44 year-old grove was 25 5 cm and average height was 105m In Afnca, It IS generally
assessed that at 1 year In good SOil, a grove reaches a height of about 15m at 2
years a height of 2 m and dunng the fourth year trees reach a diameter of 7 to 8 cm
and a height of about 4 5 m

FIShwICk '3 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 cntlcal time In the
development of the trees In the plantation occurs when l.fOWnS begin to touch the third
or fourth year With a spacing of 8 ft (244m) 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 larger 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 earty growth of seedhngs IS much
retarded and regular weeding and culbvabon sbmulates naem growth and vigor Re­
search carned out In Dehra Dun Incha has shown that seedhngs that were weeded
reached a height of 0 6 to 14m (2 to 4 5 tt) by the end of the second season but only
o5 to 1 m (1 66 to 3 25 tt) If not weeded Later, the seedlmgs that were not weeded
were killed by weed suppresSIon and frost 1
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According to Michel-Kim and Brandt,'lI the Yield of neem vanes between 10 and 100
tons of biomass (dned matenal) halyear, depending upon rainfall, site condrtlons. and
SpaCIng, and 40 tons {125m3 solid woodIhalyear (based on 1 ~ = 800 kg)] can be
achieved easily under the proper conditIOns About 50% of the blomass IS contalned In

the leaves, about 25% in the fruit, and 25% In the wood
Gravsholt et 81 8 reports that the first rotatIOn Yield In Ghana was 30 to 38 cords of

fuetwood per hectare (approximately 13 5 to 17 m3Jhalyear solid wood), and In Samaru
In northern Nlgena 7 5 to 67 cords (approximately 2 4 to 21 m'Jhalyear) Commonly In
West Afnca. plantatIOns are cropped on an a-year rotatIOn with a spacing between
trees of 8 x 8 ft (24m x 24m)

FIShwICk'3 reports that on more SUitable sites In Bomu Province In Nlgena the yield
was 15 to 27 cords/halyear (135 to 243m3 solid wood) on a 7 year rotation The
plantation spacing was 8 ft (2 43 m) x a ft and site condItions Included SOils compnslng
dnft sands with a pH ranging from 5 0 to 7 5 and a mean annual ramfall varying from
380 to 762 mm (15 to 30 In) An average annual yield for all plantations was 7 to 15
cords/ha (6 3 to 135m3) In Nlgena neem poles are In great demand for house con
structlon and fence posts because they are semiresistant to termites, poles thus realize
a greater pnce than fuelwood

McComb'lI reports plantation Yields In Samaru Zana, Nlgena, of 300 to 2250 ft3/acre
for the first a year rotation crop (2 55 to 1967 m3 /halyear solid wood) and 350 to 2250
ft3 (3 to 19 67 m3/halyear) for the a-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 2 4 x 24m) Interestingly, the first a-year rotation crop
on class I plantation sites showed an average Incremental growth rate of 350 ft3/year
(after the second year) while the coppice crop averaged only 250 ft3iyear There were
no slgRlflcant growth rate nor Yield differences on the class IV Sites, and on the class
I 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

Radwanskl21 gIves the yields of the MaJlya plantation near Sakoto Nlgena as 520
ft3/acre of fuelwood after 7 years (52 m3/halyear) and after copplClng 820 ft3 solid
volume of fuelwood and 290 ft3 solid volume of timber per acre (total yield of 8 6 m3/

halyear) The plantation was planted In 1945 with open-root neem seedlings (assumed
to mean bare-root) spaced 6 x 6 ft (approximately 1 a x 18m) The average annual
raInfall In thiS region was 31 In (787 mm) WIth a maximum of 47 In (1194 mm) to a
mlOlmum of 20 In (508 mm)
I Welle\7 reports that trees grown In plantations In Haiti at 4 years of age averaged a
Yield of 1 pole plus and 0 09 m3of fuelwood. but the volume of the pole was not given
Radwanskl22 gives a volume of 1 05 m3 for neern poles In one plantatIOn In Nlgena
while McComb111 reports a pole volume ranging from 37 to 85% of the total wood
produced

VI COPPICE GROWTH

Early growth IS faster from COPPice than from seedlings, reaching a heIght of 85m
(28 ft) In 3 years after cutting However, In Ntgena, the height of a·year-old coppice was
reported to have only equaled that of 8-year-old trees started from seedlings In plan
tabons there, trees reached a height of 7 m {23 fl,ln 3 years and 12 m (40 ft) Ir 8 y9afS

Approximately 66% of heIght IS achieved In the first 3 years after planting 23 FlShwtck'3
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reports that plantatIons In Ntgena were cut to a stump height of 8 em (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 hlQher InCIdence of dylllQ off Grose'o observed that by
cuttmg at a stump he'9ht of 1 to 2 m, the number of poles produced by copptce WIll
Increase Racfwanskt7 recommends a coppice management system every 3 years for
m8lClmUm 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 COppIC8 occurs once the root system IS established, and a much shorter
rotation may gIVe a maximum Yield

VII INTERCROPPING

Radwanskl and Wickens' report, ' Neem cannot be grown among agricultural crops
slOce It Will not tolerate the presence of any other species In Its Immediate 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 Makar4 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 surpnslngly well The seedlings were stili healthy, did not appear to have been
retarded after the millet was harvested In October and a healthy stand of neem was
left behind Others state that neem can be planted In combinatIon With frUit cultures and
crops for feeding cattle (e g , Penmsetum pedicel/atum, as suggested by Misra) 25 Also
recommendations have been made for comblOabons of neem With sesame cotton and
hemp,2e With peanuts, beans sorghum,7.2728 wrth AcaCia arablca (synonym A m/otJca)
and cotton,' and with Khaya senega/ensls ~

In NlQena, a form of taungya was used for neem plantation establishment and farmers
cultJvated groundnuts, beans, and millet between the trees but the forest department
planted the trees These plantabons were supenor In survival and quality to plantattons
established by other means, and the cost was much lower In areas where neern
plantatIOns were cleared groundnuts were cultivated and yielded three tImes the av
erage for other fields '3

It IS known that the compounds found 10 neern are not only effective against Insect
pests. and benefiClal10 the effiCient use of nttrogen but they also affect some fungi and
bactena Thus the tree may have a Significant Influence on the balance Within the
microfauna fungi and bactena communities Because plants depend upon a certain
microfauna and a Special complex of bactena and fungi, It IS possible that where neem
changes the composlbon Significantly problems may ansa The effect of neem may be
both positive and negative, and research IS needed to prove or dIsprove these factors ,e

Perhaps neem IS allelopathlc to some crops There are many conflicting statements
as to Its compatibility for Intercroppmg 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, etther of neem to other crops or
VIce versa Or the reason may be that Since naem fruits produce a systemic somewhat
repugnant chemical food crops may take up thiS chemical from frurts 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 neam IS not a good specles for agroforestry
Research IS surely needed to prove or disprove the mcompatablhty of nearn as an
Intercrop and agroforestry species

1he answer may be to plant naem to mixed lorests In combination WIth pasture
MIChel-Kim and Brandt,a suggest that up to 20% of the area could be planted to neern



Volume I The Neem Tree 7

and vIllage plantings could constitute up to 15% Neem would also be a good species
for use In a sequential agroforestry system as Illustrated In the Radwanskl and Wickens
paper • Another excellent use of neam In agroforestry systems IS for wlnclbreaks In the
M8JJla Valley In Niger, over 500 km of wIndbreaks (a form of agrofOl'estry) compnslng
double rows of neam 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 vil­
lagers 3031

Perhaps one of the best agroforestry potentlals of neam IS growll19 It for Its vanous
useful products where It IS not Intercropped wIth food crops, and the products (leaves,
neam cake etc) are processed or used tn a cut-and-earry system and applied to food
crops as a fertilizer and pesbClde

VIII NEEM SEEDS AND PROPAGATION

Neem begins to bear fruit In 3 to 5 years 32 The penod of collection of neem frUlt&
naturally vanes from place to place, depending upon the regional climatiC conditions
In India collectlon may begin as early as May and extend through September however
there seems to be two distinct fruiting penods May - June and August - September
The fruits are collected from the trees when fully npe or are gathered from beneath
trees

A. YIELD
Neam produces fruits In 3 to 5 years and becomes fully productive In 10 Ketkar2

gives a Yield of about 50 kg (110 Ib)/tree/year Ahmed and Gralnge3 30 to 50 kg (66 6
to 110 Ib), and Radwanskt33 lists 11 4 to 34 kg (25 to 75 Ib), averaging about 205 kg
(45 Ib) About 2000 to 3000 fruits weigh 1 kg the depulped fruit YIelds about 1800
seedslkg,l. and 9 to 10 dry seeds weIgh 1 g 34 The ratlo of seed to pulp IS approxImately
1:2, and frUIt pulp and kernels account for 47 5 and 10 1%, respectively, of fruit weIght 35

For reproductton seed preparation the fruits 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, airtight containers

8 VlABIUTY
Usually neam 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 dned and cooled, they can be stored•
for longer penods Reportedly. genmnatlon rates rapidly declane dunng storage How-
ever, Brouard36 CItes work by Dr Paul B Tompsell at the Royal Botanical Gardens 10

Great Bntaln, who froze seeds after drawmg the seed moisture content to below 8%
and they remained VIable up to 2 years To obtain a hlQh germtnatlOl'l 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 neam seed germinates qUIte

readily and scanficatlOfl IS generally not needed Research at the Royal Botantc Gardens
In Great 8ntaln IndICates that germination IS Improved If the Inner shell IS removed to
expose the embryo betore plantlng 6 ana Smlln:l7 reports the same However, Slngh34
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recommends that the seeds be cut across with a sharp blade and the cotyledons
exammed If the cotyledons are green the seeds are sound but If they have turned
yellow or brown, they Will not germinate

In more efftCient contamenzed nursenes, It IS deSirable to produce a sprouted seed
m every contamer because less space IS required and It reduces per-seedling labor
costs Expenments were conducted by Operation Double Harvest In Hartl In an attempt
to pregermlnate neem seeds for transfer to container, however, the research showed
that 47% of pregerrOinated seed had a major taproot deformity (crooked or looped),
while the roots of only 7% of dry sown seed were deformed 38

Fagoonee='l' found that germination Is best when seeds that have fallen from trees
dunng the preceding week are soaked In water for about 3 d, depulped and cleaned
then sown directly Into the nursery In damp soli The soaking breaks the dormancy by
neutrallzmg the germmatlon Inhibiting chemicals found In the shell of the seed

However, Ezumah40 concludes that neem seeds do not reqUire a penod of after­
ripening seed ongln, year and time of producton have no Significant effect on germI­
nation and longeVity Sun-drying does not adversely affect ViabIlity and appears pref
erable to alr-drylng to bnng 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 keeplng the fruits m a heap IS easier
than peeltng the pulp from fresh frUits Cold storage adversely affects the ViabIlity of
neem seed, seeds stored at room temperature (20 to 28°C) retamed 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 m some areas If rainfall IS ade­
quate 117

Although neem needs light young seedltngs can suffer from strong solar radlabOn
thus a light shade IS deSirable dunng the first season of growth Sudden exposure of
seedlings Without first hardening off Will result In a high rate of mortaltty Seedlings
naturally regenerated under old stands often die when the trees are cut and the canopy
IS opened 13

A NURSERY CARE
In the nursery, seedlings are either grown In contamers (plastiC bags or root tramers)

or In seedbeds Germination starts In about 8 d and continues to about 3 weeks

1 Bags and Other Containers
Seeds are sown directly mto the container filled With potting sod and are ready for

transplantIng In 12 weeks 41 In HaIti seedlings are grown In contalnenzed nursenes
and transplanted m 3 to 5 months depending upon the ramfall pattern 17

2 5eedbeds
If the nursery IS tmgated seeds can be harvested early In Apnl and planted In the

nursery The seed should be lightly covered WIth earth and spanngly watered the SOil

kept loose to prevent caking Slngh300 recommends a spaCIng of 5 em In-row and 20
em Inter-row planting the seed at a depth of no less than 1 em to minimiZe rodent
damage FishWlCk'3 states that seeds should be sown ttuckly In lines 30 em apart
selectively thinned when the seedlings are about 8 em htgh (3 In ) to a spaCing of 8

\
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em, and selectively thtnned again tn 4 to 5 months with only the best stock remaining
at a spaCing of about 23 em (9 In )

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), reaetllng a h8lght of 15 to 20 an De Jussteu'4 and Troup'
report that neem fruits from Apnl to July, and seeds are planted In seedbeds In a 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 r81ny season, after reachlllQ a
hetght 01 about 080 to 1 m Radwanskl7 and TAREC'" tncbcate that seedlings are ready
for transplant In about 12 weeks when they are 75 to 10 em htgh (3 to 4 In), WIth a
taproot approximately 15 em long (6 In) Mltra0&2 recommends transplantIng when seed­
lings reach 7 5 to 10 em (3 to 4 In ) high According to Slngh,304 seedlings transplanted
younger than 1 year have a poor survival rate thiS does not hold true according to
expenence In Haiti where the survival rate of 3 to 5-month contatner-grown neem
transplants IS 85% 17

4 Root Balls
seedlings that have not been planted dunng the first year are kept until the follOWing

season and somettmes until they are 2 years old Year-old seedlings are carefully
uprooted from the nursery leaVing a ball of SOil around the roots and transplanted as
soon as poSSible Planting IS done In July - August In Pits dug In Apnl - May whICh
allows weathenng of the SOIl, and If raJn Immediately follows good suMVal rate IS
ensured In dry areas, about 90% of the leaves are removed, reducing evapotranspir­
ation, and decreaSing transplant shock The areas In the VlnClOrty of the trees must be
kept weed-free 304

5 Stumps
In IndIa, stumps are usually prepared from 2-year-old seedlings although In Irngated

nursenes, year-old seedlings may attam the deSired size for stump preparation The
seedlings should be uprooted with care to aVOId splitting or breaking the taproot Stumps
are prepared with 22.¢T1 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
em3 pits, deSiccated root and shoot tiPS are pruned 34 In Nlgena Fishwlck'3 found that
seedhngs cut to a stump height of 03 m (1 tt) were better than taller ones because
they were easier to handle and prOVIded suffiCient buds for sprouttng, and were not
damaged by Wind which whipped taller ones, loosened the soli and exposed the roots•Roots were tnmmed to 30 em (12 In) with most of the new growth produced by the
callus that forms at the POlOt where the roots are tnmmoo SurvIVal was Increased when
the seedlings were cut 10 the seed bed rather than at the time of lifting because shock
was reduced by not cutting Itfttng and transplanting at the same time, and a callus
tIssUe would fonn on the shoot wound before Ilftlng In Afnca Gorse10 cut canes to a
hetght of 15m and removed all leaves before transplant, and In thIS way the bark IS
already hardened and not as susceptible to damage by animals

6 Disadvantages
There are dlsttnct disadvantages to planting overage seedlings First, It IS very costly

to keep and care for seedlings for 1 to 2 years The added wetght of seedlings with a
SOil root ball drastically Increases transportation costs and reduces the number of seed­
lings that can be dehvered to the planting site, espectally 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 mycorrhlzae die SUrvival rate IS decreased,
and growth rate IS retarded

B nSSUE CULTURE
The use of tissue culture and cuttings to produce neem for reforestation has been

deemed unrealiStic In most cases because of the htgh cost of a productIOn facility, and
the relative ease of producmg seedlings 43 Also, It IS questlOO8ble whether t1ssue-eul
tured plantlets and cuttings WIll develop full taproots However, It could be economically
Justified to screen and reproduce plants of umque germplasm (such as a tree with an
unusually htgh azadtrachbn cootent) In thiS manner for seed orchard establishment In
more moist areas, which would not be affected by limited taproot development

Neem has been successfully bssue-cultured from leaflet callus tissue and from stem
tissue by growlflQ It In modified Murashlge and Skoog media prodUCing roots In 40%
of the cultures and developIng Into complete plantlets In a supplemented medium ""'6
In further tIssue culture research SChultz47 was not able to achieve root Inttlatlon as
reported by Sanyal et al " whIch supported research by Rangaswamy and Promlla~

descnblng the differentiation of growth centres In Azadtrachta callus and the eventual
shoot bud formation wrth rarely any rootlOg Again, It IS questionable whether a normal
length taproot Will develop from tlssue-eultured plantlets, which would exclude theIr
planting In water-stressed areas

C CUTTINGS
Neem can also be propagated by cuttlOgS, which reqUIre a production penod of 6

months to 1 year,·1 but again the development of a normal taproot would be doubtful
AIr-layered branches treated with ISA or NAA In lanolin paste at 0 1% develop roots
satlsfaetonly .8 In Nlgana, FlShwICk13 records that In Maldugun a number of neem shoot
cuttIngs were treated with a rootlOg hormone (Seradex B) and then placed In pots A
number took but dId not survive after belflQ transplanted In $okoto, the work was
repeated but cuttIngS were covered WIth polythene bags, and a number SUrviVed after
being transplanted It was found that a srgnrficantly higher proportion of the cuttings
took root when they were taken and prepared at the start of the rainy season

o DIRECT SEEDING
In the literature the term 'direct seeding (sowmg) IS used In two ways - direct

seeding '" the nursery and direct seedIng In the field In India and N,gena dIrect sowIng
IS reported to have proven more successful for reforestation than transplanting however,
thiS IS when areas to be sown are well prepared (Similar to land preparation for sowing
food crops) Direct seeding on hard and IOhospltable 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 In these hard SOIls and filled with a fertile potting mix Research
has shown that hole sIZe on difficult srtes can stgnmcanUy enhance establishment and
growth of transplanted seedlngS Although dnillng bore holes with a post-hole auger
and filling them WIth a potting mIX may to some seem expensIVe, the cost IS comparable
to nursery r&lslng and transplanting seedlings

When direct-seeded, neem establishes an extensive root system before aenal growth
becomes raptd • Site preparabon and transplanting are the two biggest costs of refo­
restation, and direct seeding can markedly reduce transplanting costs De JUSSleu'4
reports that aena! seedll-.g has been tned but )'lelded poor results Since the chances
of survtval for the seeds IS much lower than dIrect seeding or prepared land Gorse'o
recommends the use of a groundnut planter and weeder for dIrect see(hng and weeding
and covenng the seed beds With a 10 to 15-cm mulch of groundnut hulls
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Welle17 reports that direct seeding has proven to be a Vl8ble method of estabhshment
In Haatl Seedlings raised In nursery beds are ready for tranplantlng dunng the first rains
when they are 7 5 to 10 em (3 to 4 10 ) high Sometimes seedhngs are retaaned In nursery
beds and transplanted dunng the second rainY season 11

Methods of direct seeding vary 7 11 34 In India

u·~"-=
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1 The SOil IS worked to a depth of about 15 em and the seeds are sown at a depth
of 1 5 em SowIng IS done erther In patches or hnes, In the former they are spaced
about 3 x 3 m, and spacing between lines IS about 3 m, USIng 3 to 4 kg of seed
per hectare Weeding IS necessary and seedhngs are thinned at the end of the
first season, leaVIng two seedlings per patch or two seedlings per meter length of
the hne

2 Seed was sown at hIgh and dry srtes that had been plowed twice No watenng
was done but the seedlings were kept free of weeds In less than 3 years, the
plants were 7 to 8 ft 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 12 ft 10 3 years

3 DIrect seeding Into mounds of earth 12 x 4 x 15ft on sites receiving 24 In (600
mm) of rain annually produced plants that reached a maximum height of 45ft In

1 year
4 Neem was sown In combination With the cultlvatlon of sesame, cotton, and the

lesser hemp 10 an area With an annual raInfall of less than 500 mm (20 In) The
sown hnes were 03 m (1 ft) apart three lines of field crops to one line of trees
so that the latter were 12m (4 ft) apart SoWing of both field crops and trees was
done after site preparation by plOWing and harrowlOg The hnes of trees were
weeded twice dunng the first rams The trees reached a height of 5 m (16 ft) and
girth of 43 cm (17 In ) 10 3 years

5 Direct sowing Into plowed furrows In black cotton-soli produced trees With a max
Imum heIght of 15m (5 ft) after 1 year

6 Success has been achieved by dibbling neem seed under EUphorbia bushes

In Nlgena FIshWlCk13 reports successful direct seeding at the bases of the native
cover, with a survival rate of about 40 treeslha It was observed that although the rate
of growth IS generally slower than on cultivated srtes rt had ments of slmphClty and
cheapness to ennch degraded forest area

In northern Nlgena neem IOterplanted on farms among groundnuts beans and mIllet
showed markedly supenor growth When the crop was harvested, a healthy stand of
neem seedlings was left behind 4

E SPACING
Neem seems to be very nutnent-demandlng, and has been known to send out lateral

surface roots reaching over 18 m 50 In Nlgena. a spaCing of 1 8 x 18m IS racom
mended 14 and Gorse10 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 mto a long, normal taproot (rather they develop several shorter pseudo
taproots, which are not as long as a normal one) FIShwlck13 found. by digging, that a
2-year-01d tree planted from a stump possessed seven taproots, each with a 1 27-em
C/2-.n J dlaoneter at a depth of 12 ft (full depth of penetratlo., 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 5011 honzons Dunng drought. when water tables drop consld
erabIy. the trees may die SImilar difficulties would be encountered when trees are
established from cuttIngs. for they do not generate normal taproots ThIs might explain
the dte-Off of the neem plantations (established by stump cuttings and from seedlings
with the taproot pruned) In M8Idugun. Nagena. reported by FIShwlck13 and elsewhere
by others 50

G SURVIVAL
The rate of seedling SUrvIVal IS Influenced by a number of factors besides age of

seedlings and methods of transplanttng 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 anfluences survival and early plant growth, larger seeds produce a
much stronger seedling (matemal Influence) Seedlings With a well developed root
system (such as those promoted by root trainers, and through fertlllzatlon and those
which have been Inoculated With mycornzae) can Withstand drought much better and
have the capacity for a more Immediate and larger uptake of mOIsture and minerals
thus will have a h'9her survival rate

H NATURAL REPRODUCTION
Under natural condrtlonS. the frUit (seed) ordlnanly drops to the ground dunng the

rainY season, and germination takes place In 1 to 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 Their root systems are poorly developed they are very
sensrtlve to sunlight, and they lack buds 13 In Haltt. 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 38 Neem establishes well under bushes and scrub '
though initial growth IS usually slower • Bats and birds are reported to spread neem by
eating the fruIt and depositing the seed elsewhere. and spontaneous IndMdual trees
and stands of neem trees are reported to have been establtshed In thiS manner In

several rountnes In Afnca, India and Haiti Some feel that bats spread more seeds
than blrds, and larger numbers of volunteer seedlings can be found under trees where
they roost 101451

X GERMPLASM

There IS great vanatJon In the germplasm of neem In terms of azadlrachttn rontent
seed 011 rontent. seed yteld. form (clean, straight bole. branchy, etc). fast-growth
tolerances to different enVIronments, and reSIstance to diseases and pests If neern IS

to be grown for pesbcJde production, It IS necessary to develop trees that produce hIgh
YIelds of fruit WIth maxamum azadlrachtm rontent Therefore. there IS a great need to
exploit the gennplasm resources of neem 10 the area of Its ongln as well as In exotic
regions and to conduct research on Its performance There IS also a need to broaden
out the germplasm In exobc areas to avoid dIsease and pest Infestattons where It IS
widely planted Since neam IS natIve to the Burma-IndIa area all germplasm ongmates
there

There IS a great vanance In the azadlrachbn content of the seed whICh may depend
upon a number of vanables. and It IS difficult to determine whICh one(s) The dIfferences

\
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In azadlrachtln 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 soli nutnent content Azadlrachtln content may also vary greatly depending
upon the age of the tree. when the seed IS picked how It IS dned, stored, ShiPped,
exposed to hght. heat or cold, etc Some think azadlrachtln 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 IS 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 frurtlng (green npe but stili on the tree fallen to the ground), and cleaning
drying, stonng, handling, and analYZing the seed In the same manner

Jacobsonll analyzed seed from some vanetles from India that contained only 1 to 3%
of the chemical, while seed from Afnca tested at 5 to 6%. and some as htgh as 9"10
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 azadlrachtln 51 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"10 azadlrachtln respectively High contents were also measured In kernels
from Togo. India, Burma, and Mauntlus (3 3 to 3 9"10) wherease samples from Sudan
and Niger gave lower YIelds (1 9"10 and 1 5"10) The Incubation of kernels under Increasing
temperatures and high air mOisture resulted In tlme-dependent decrease of the azadt
rachtln contents The exposure of extracts to sunlight and ultraviolet radiatIOn also
decreased the azadltachtln contents remarkably SlnghS3 notes that an attempt to cor
relate the antifeedant efficacy With extract YIeld and 011 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

Reports on the amount of 011 In the seed vary from as low as 17 to over 5gok According
to Radwanskl.33 the kernels constitute about 45% of the fruIt and YIeld about 45 to 49%
011 (25"10 of the whole fruit) proper handling of the seed and more refined methods of
extraction yield higher levels of 011 The Yield of 011 from the Ceylonese seed kernels IS
reported to be the highest at 59 25% Larson54 states there IS no eVIdence at thiS tune
that the azadltachtln level nses linearly With the percentage of the 011 Since the azadl
rachtln does not tend to follow the 01' In the extractIOn process USing ethanol Mltra~

and Ketkar2 esttmate neam seed to contain about 20% Oil, which contains about 2%
active Ingredients with manufactunng potential for prodUCIng pharmaceutical and insect
repellent preparations Stngh53 notes that kernels from trees groWIng In humid areas or
areas WIth more rainfall YIelded more 011 than those from other places Again, the amount
'Of oil In the kernel IS probably Inhented and may be enVIronmentally Influenced

It IS also necessary to develop fast-growlng neem germplasm for two other purposes
(1) mID(lmUm clean bole hetght and (2) maximum branching at a low hetght that produce
straight copplced poles, In order to remit maximum Income to farmers In developing
countnes

XI TOXICITY, PESTS, DISEASES, AND LIMITAnONS

Neem IS said to have few pests and rts naturally occumng pestiCIde IS nontoxIc to
man and animals However, there IS evidence that thts may not be so

A. TOXICITY
RadwanskJ and WickJosS state that one of the most sJgnJficant atlnbutes of neem oil
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as an InsectiCIde IS that It IS effective and reportedly nontoXIC to man or animals. and
nonpolluting to the environment However, a syndrome SImilar to Reye s syndrome has
appeared In children given large doses of neem 011,5658 although Infrequent. this man
lfestatlOn has been fatal Because Raye's syndrome and the neem OIl-Induced Raye s
like syndrome are poorly understood, neem extracts should be tested more thoroughly
before being used for medJclnal purposes Also, neem extracts have been found to be
toxIC to gUinea pIgS and rabbrts,S? the Insectivorous fISh GambuSia spp , and tadpoles
dted at 004% concentration of neem extracts 58 Welle17 observed that neem seeds
failing mto fish ponds In Haiti proved fatal to la/apia fry ThIS IndICates the need for
systematIC follow-Up toXICOlogICal Studl8S

Pereira and WohIgemuth5e report that neem seeds carry Aspergillus flavus, which In
certain conditIOns produces aflatoxlns, thiS IS a partICular corlC8m In waste piles at
preparatIOn sites

B ALLELOPATHY
There IS some concern that neem compounds may be allelopathlc. but no research

eVidence supports thiS contentlon (also see Section VII)

C PESTS
RobertsllO lists 14 insect species and 1 parasitic plant as recorded pests of neam In

Nlgena, although few are seriOUS, and most plantations of neem are reported to be
inSect free, eVidently due to the repellant compounds of the tree Insects Will eat the
radicle of germlnatmg seeds If It IS not covered well with sad Occasional Insect Infes
lations by species of MlCf'Oterrnes and plant parasitism by Lorant/um have been observed
In Nlgena, but the attacked trees almost Invanably recover, though their rate of growth
and branch development may be conSiderably retarded e CAB-IISee1 reports that
Aomdlella onentallis has become a pest of neem In some parts of Afnca (e g , the Lake
Chad Basin Ntger. Chad, Nlgena. and Cameroon)

In IndIa. the larvae of Enarmoma koemgana Fabr feed on rolled leaves and bore Into
tender shoots and the larvae of Cleora comana Meynck and Odltes atmopa defoliate
the leaves 82 Warthene3 lists nine other ,"sect pests that attack neem Calepltenmerus
azadlrachta Araecerus faslCUlatus Cryptocephalus ovulus, Holotnchla consangumea
H msulans H serrata Pulvmana maxima, Laspeyresla aurantJanna, and Orthacfls
Slmulans

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 I.
FtshwICk13 reports that termites attack weak Sickly trees but at times they also attack
and kJll young vigorous trees Neem coppIce shoots have also been attacked and killed
but the roots of the stump were not damaged and produced fresh coppice shools

Gosh&C reports that the neem scale PalVinana maxima IS a senous pest In central
and south India It feeds on sap, covers the tender shoots and stem In numbers, and
sometimes damages a young tree conSIderably A tree en an advanced stage of IOfes
latlon IS recognized by the thIck coating of white, mealy patches formed on the foliage
shoots, and bark Another scale Insect AspldlOtus onentalls thickly covers the shoots
and stems of seedlings of about 0 6 to 2 5 em en diameter. appeanng on the new shoots
and spreacllng to the leaves In severe Infestations, the growth IS retarded, leaves are
shed the stems die back and young trees may be killed Also AspIdIOtuS pseudocer
Iferus feeds on the sap, and the nymphs of Helopeffls antonll feed on sap by punctunrlQ
the soft plant tissue whIch blackens and dnes The wounds cause deformation of leaf
and shoot or ttle whole shoot may dly up and die back



E PARASITES
Mistletoes that parasitize neem Include Dendrophthoe falcata and Tapmanthus sp 119

D DISEASES
Recorded pathogens attacking neem are Ganoderma luadum, cauSing root rot, Cor­

tlC/um sa/momc%r, caUSing stem and twig blight, Cercospora SUbsesstllS, cauSIng leaf
spots, 0rd,um sp , caUSing powdery mildew, and Pseudomonas azadlrachtae, causing
leaf spot and blight eli .. Sankaran et a1 117 reports additi0nai diseases attacking seedltngs
In nursenes In India RhrzoctofJIa soIanl, caUSIng web blight, ScIerotJum roIfsJl, C8USlng
stem rot, Coll8totnchum capslCI and C SUbseSSIllS, caUSIng leaf spot, and Fusanum
soIam, cauSIng WIlt Stem rot, leaf blight, web blight, and WIlt reported for the first tllne
caused up to 300/0 mortalIty of 2 to 3-month-old seedlings

Singh and Chohan- observed a severe canker dasease of twtgs and shot-holes In

leaves of neem and tdentJfied a fungus, Phoma JOlyana, as the cause De JUSSleu14

reports that cankerous leSIOns can also sometimes be found on the tree in fissures
coming up from the oollet along the stem The wood becomes brown around the cankers
and thiS coloration can penetrate to the heartwood Gorse10 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

F WEEDS AND TILLAGE
Neem IS Intolerant of grass competition and needs thorough Weeding, especially In

dry areas, to obtain good growth 4 Thorough weeding Without watenng IS found to gain
results almost, If not qUite, equal to those attained by Imgatlon and weeding The
loosening of SOil to prevent caktng (In some sotls), which promotes SOil aeration and
Increases mOisture percolation, IS found to be rrlOSt benefiCIal Research Indicates that
on undisturbed soli, less than 25% of the rain failing on It IS absorbed, but up to 60%
when frequently hoed, mulching plus hoeing Increased the absorption up to 90% 13

However, FishWlck13 concludes that once weeds and grasses are established and
root below the upper zone of competition their presence 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 m (10 ft)

Expenments In Nlgena 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 SOIls, survival rate can be Influenced by the sIZe of the hole
In which the seedling IS planted A larger hole allows for Increased water Infiltration

•because of the uncompacted soli, and It also allows better development of the root
system In nulnent poor sotls, It should be poSSible to gam a higher rate of establishment
by bonng or augenng a hole IOtO the ground about 10an (approXImately 41n ) In diameter
by 15 to 23 em (approximately 6 to 91n) deep, replaCIng the dISPlaced soli WIth a good
nutnent-nch nursery mIX, and seeding directly Into the hole Thts wouk:I greatly reduce
reforestation costs, doing away With the expensIVe nursery operation
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G OTHER PROBLEMS
Neem seedlings are killed by frost and fire, and large trees are frequently snapped

off dunng high WindS However, trees seemingly killed by fire Will copptCe and regrow
If cut soon after the bum '0 Regeneration beneath stands of neem IS sensitive to sudden
expo~lJre ·0 direct sunlight, and clear felling In plantatIOns normally results In the death
of thiS regeneratIOn If seedlings are under 8 em (3 In ) In height 13

I
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phVS1010gy Papers presented at the

VIII ECdysone Wo~kShOp on Ecdysone
From Blosynthesls to Mode of ActIon
MarCh 30-Aprll 2 1987 Marburg Federal
Reputllc of Germany 1988 v 34 (7) P
563-569 Includes references (NAL Call
No ONAL 421 0825)

0049
Ecodevelopment of arlo lands In IndIa
WIth non-agrICUltural economIc plants A
holIStIC approach
Khoshoo T N Subrahmanvam G V
London Allen & UnwIn 1985 Plants for
arld lands proceedIngs Ke~ Internatl
Conference on EconomIc Plants for Arld
Lands 00drell Laboratory Royal Botanic
Gardens Kew England 23-27 vUly 1984 I
edItors G E W,ckens 0 R P 243-265
111 Includes references (NAL Call No
DNAL SB107 K49 1984)

0050
The effect of a crude methanollc neem
(Azadlrachta Indtca) seed kernel extract
on metamorphOSIS and quality of adults
of the MedIterranean frUIt fly
CeratItIS capItate Wled (D1ptera
Tephrltidae)
Steffens R 0 ZANEA Schmutterer H
Hamburg W Ger Paul Parey
Ze tschrlft fur angewandte Entomologle
= Journal of applled entomology Aug
1982 v 94 Ii) P 98-103 InclUdes
re~ere~ces (NAL Call No 421 236)
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0051
Effect Of a methanollc extract of neeIII
seed kernels on the _taJlOrphos t 5 of
Ephestla kuehniella
Maurer G Eschborn W Gel'" O,e
Gese,lschaft Schr1ftenrelhe del'"
Gesellschaft fur Techn,sche
Zusammenarbelt In the ser,es analyt,c
Natural pestlc,des from the neem tree
and other trop,cal plants / com~11ed by
H Schmutterer and K R S Ascher
Proceedings of the 2nd Internet Neem
Conference May 25-28 1983
Raulschholzhausen Federal Republic of
~ermany 1984 (161) P 365~376

Includes references (NAL Call No ONAL
HD1~17 B8)

005:2
Effect of a neem seed kernel suspens,on
on Telenomus remus an egg parasIte of
Spodoptera 11tura (Tobacco caterpIllar
bl0109,cal control Azadirachta lnd,ca)
~OShl 6 G Ramaprasad
G -S1taramalah S Bet Dagan
Agrlcultural Research Organlzatlon
Phvtoparasltlca 1982 v 10 (11 P
61-63 .neludes 5 ref (NAL Call No
SBS99 PS3)

005:
Effect of app11cation of urea and
ammonIum suphate blended with neem cake
and sOIl on the growth and Yleld of r,ce
(Oryza sat1Va L)
Upad~yay P N Patel A S Ahmedabad
ihe UnlverSlty GUJarat Agrlcultural
unlverslty resea~eh Journal 0an 1982
v 7 (2) P 118 120 Includes 2 ref
(NA~ Call No 5539 14GB)

0054
Effect of azad,racht,n and of a neem
extract on food ut111zat10n by
Cl"'Ocldolomla blnotal,s
Fagoonee I Eschoorn W Gel'" O,e
Gesellschaft Schr,ftenre1he del'"
Gesellschaft fur iechnlsche
2usammenarbe,t In the serles anal~tlc

Natural pest,cldes frorr the nee~ tree
and other troplcal plants / complled by
h 5chmutterer and K R S Ascher
Proceed ngs of the 2nd Interna~ Neem
Conference Mav 25-28 1983
RaUlsch~olzhausen Feoeral Republ1c of
Ge~marv 1984 (161) p 211-224
IncluOes references (NAL Call No DNAL
HD1417 B8)

0055
Effect of azad,rachtln on development
Juvenl1e hormone and ecdysterold t,tres
," chIlled Galler,a mellonella larvae
vIPHA Malczewska ~ Gelman
o 8 -Cymborowsk, B Devon Pergamon
Press vo~rnal of ,nsec· phys'olog~

Papers presen~ed a~ ~he VIII ECdysone
WorkshCc on Ecdysone From Blosyn~hes's

to Mode of Actlon March 30-Apr1l :2
198- Marburg Feceral RepubllC of
Ge~many 198B \ 34 (7) p 725-732
111 Includes references (NA~ Call No
DN.4L 421 J82S)

0056
The effect Of azadirachttn on larvae of
the European corn borer Ostrt ni a
n.lbtlal is
ZPFSA Meisner ~ Mel amed-MadJ ar
V -iam S -Ascher K R S Stuttgart W
Gel'" Eugen Ulmer Ze1tschr1ft fur
Pflanzenkrankheiten und Pflanzenschutz =
~ournal of plant dlseases and
prot.ctlon Dec 1986 v 93 (6) p
585-589 InclUdes references (NAL Call
No DNAL 464 8 23)

0057
Effect of azadirachtin on the endocrine
events of BOIIIbyx IIOri
JIPHA Koul 0 Amana 1 K -Ohtakl i
Devon Pergamon Press ~ournal of
insect phYS10logy 1987 v 33 (2) p
103-108 Includes references (NAL Call
No DNAL 421 u825)

0058
Effect of azad,rachtin on the moulting
cycle endoCr1ne system and ovarles ,n
last-instar larvae of ~he mllkweed bug
Oncopeltus fasclatus
~IPHA Dorn A Rademacher 0 M -Sehn
E Devon Pergamon Press Journal of
lnsect phySIology 1986 v 32 (3) P
231-238 111 InclUdes references (NAL
Call No DNAL 421 u825)

0059
Effect of d1fferent nematlcldes and neem
0,1 cake In the control of Radopholus
sim,l,s 1n yellow leaf dIsease affected
ertleanut pal InS
I~NEDT SundararaJu P Koshy P K
New Delhl Nematologlcal Soclety of
Indl. Indlan Journal of nematology
June 1986 v 16 (1) P 44-47 InCludes
references (NAL Call No DNAl
OL391 11I415)

0060
Effect of larval treatment WIth
azad,racht,n a molt1"S 1nhlbltory
component of the neem tree on
repl"'Oduct,ve capacity of the face fly
Musca autumnal,s De Geer (D1ptera
MUSCIdae)
EVEiEX Gaaboub A Hayes 0 K
College Park Md Entomologlcal
50cletv of Amer,ca Envlronmertal
entomology Dec 1984 v 13 (6) P
1639-1643 Includes references (NAL
Cal I No DNAL OL461 E532)

0061
Effect of methanol,c extracts from seeds
of SIngle neem trees of African and
ASIan orIgIn on Ep,lachna varivest,s
and Aedes .egyptl
5chmutterer H Zebltz C P W
Eschborn W Gel'" o,e Gesellschaft
5chrlftenre,he del'" Gesellschaf~ fur
Techn,sche Zusammenarbe,t In the ser,es
analytIC Na~ural pestlcldes from the
neem tree and other ~roplcal plants /
complled by H 5chmutterer and K R 5
Ascher Proceedlngs of the 2nd Internat
Neem Conference May 25-28 1983
Raulschho1zhausen Federal RepubllC of
Germany 1984 (161) p 83-90 Includes
references (NA~ Call No DNAL
HD Hi 1; SS)
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0062
Effect of Methods of urea application
with farm yard unure and neem cake on
Wheat yield and nttrogen uptake
IJAGA Bhat1a B K Kumar V -Oah1ye
S S New DeIhl Ind1an Soc1ety of
Agronomy Indlan journal of agronom,
June 1985 v 30 (2) p 150-153
Includes references (NAL Call No ONAL
22 IN235)

0063
Effect of mixtures of custard-apple oil
and noem 011 on SUr-VI val of Nephotetttx
VI rescens (Homopter-a Ci cade11 i dae) anel
on rIce tungro virus transmIssion
(Annona squamosa Azad1 rachta i nell ca )
Mar1eppan V Saxena R C College
Park Md Entomolog1cal Soc1ety of
Amer1ca Journal of econom1C entomology
Apr 1984 v 77 (2) P 519-521
Includes references (NAL Call No 421
"'822)

0064
Effect of neem (Azadlrachta lndlca) cake
on the OVIpositIon of the desert locust
(SChlstocerca gregarla Forsk)
Slngr S Slngh A P Far1dabad The
Dlrec,orate of elant Protectlon
Quarant ne & Storage Plant protectlon
bulle,1n 1988 v 40 (1) P 33-34
Includes references (NAL Call No DNAL
421 P69)

0065
Effect of neem cake and neem 011 coated
urea on urease actlvlty (Rumen)
Slnghal K K Mydgal V D New Delh
Indlan Dalry Assoclat,on The Ind,an
Journal o. da1ry SClence June 1983 v
36 (2) p 220-221 Includes references
(NAL Call No 44 8 IN28)

0066
Effect of neem kernel suspensIon on the
hatchllngs of the desert locust
(SChlstocerca gregarla Forsk )
Slngn B S,ngh A P Far,dabao The
Dlrectorate of Plant Protect1on
Ouarantlne & Storage Plant protectlon
bulletln 1988 v 40 (1) P 14-17
Incluoes ~eferences (NAL Call No DNAL
421 P69)

0067
Effect of neem leaf (Azad,rachta lndlca
L ) on gro~th and Yleld of low lanel
rice
ZAPFA Santhl S R Palanlappan S
Berll" ~ Ge r Paul Pare, Journal ot
agrono~\ and crop SClence ~ Zeltschr,ft
tur Acker und Pflanzenbau Aug 1986 v
157 (2) P 114-117 Includes
references (NAL Call No DNAL 18
J825)

0068
Effect of neem 011 on survival of
Nllaparvata lugens (Homoptera
Delphacldae) and on grassy stunt and
ragged stunt Vlrus transm1SS10n
JEENAI Saxena R C Khan Z R
College Park Md Entomolog1cdl
SOCletv of Amerlca Journal of eConom1c
entomclogv June 1985 v 78 (3) p
647-6:< ,1 ' Incluoes re"e r lces (NA_
Ca I I 1',.: DNA_ .. 2' J822

0069
Effect of ne8m on the oviposttion
bet-.aviour of the fall arlllYWOrnl
Spoc:Ioptera frugiperda Smith
ZANEA Hellpap C Mercado '" C
Hamburg W Ger Paul Parey Journal
of appl1ed entomology E Ze1tschr,ft fur
angewandte Entomolo9,e Dec 1986 v 102
(5) p 463-467 Includes references
(NAL Call No DNAL 421 ZS6)

0070
Effect of neem seed 011 on the blood
glucose concentration of normal and
alloxan dlabet,c rats
JETHDA D,X1t V P S1nha R -Tank R
~1mer,ck Elsevler SClentlflc
Publ,shers Journal of
ethno-pharmacology JUly 1986 v 17
(1) p 95-98 InCludes reterences (NAL
Call No DNAL RS16C J6)

0071
Effect of nonedible seed oils on
survlval of Nephotettlx V1rescens
(Homoptera C1cadellidae) and on
transmlsslon of rlce tungrc virus
JEENA' Mar,appan V JayaraJ
S -Saxena R C Col ,ege Park Md
Entomolog1cal Soc1ety of Amerlca
Journal of economlC entomology Oct
1988 v 81 (5) P 1369-1372 Includes
references (NAL Call No DNAL 421
J822 )
In a greennouse study nonedlble 011s
extracted from seeds ot karanJ
Pongamla p,nnata P,erre rnahua
Madhuca longlfol1a Koen Macbr var
la+,folla Roxb Cheval and p,nnal
Calop~vllum lnophy,lum L trees were
more eftect,ve than the 0 1 of neern
Azao1raChta 1~d'ca A Juss ln reduc1ng
the survlval of the r,ce green
,ea.fhopoer Nephote++lx V1rescens
(D stant) anj 1t5 ~ransrnlSSlor of the
r'ce ,ungro v'ruses CRTV) and as
effec· ve as 0,1 of custard-apple
Annona squamosa L Insect mortallty was
100/ after 4 C on rlce plants sprayed
wltn 011s at 5/ concentratlon 1n
contrast to 69r ,nsect surv,val on
control plants RTV lnfectlon was 17-35/
,n oll-treated plants and 51r In the
contrOl

0072
Effect of organ1c amendment (of margosa
cake or sawdust supplemented WIth
nltrogen phosphOrus and potasslum
fert,llzersl on phenollc content of soil
and (tomato) plant and response of
Meloldogyne Javanlca and its host to
related compounds
S1tarama,an K S,ngh R S The Hague
Plant and so,l Dec 1978 v 50 (3) P
671-679 111 15 ref (NAL Call No 450
P696)

0073
Effect of phosphate on deCOmpoSltlon of
dlfferent organlc materlals (Azadlrachta
lndlca compost Saccharum spontaneum
Uttar Pradesh IndIa)
S1ngr R D JOShl K C -Dnar N R
Ca'cutta Agr 1Cyltural SOclety ot
'nCla Ino,an agrlculturlSt 1982 v 26
(3, P '-9-182 'nclude~ references
(,.. .. ~ Ca 11 t>lc 22 I N29~ )
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Amsterdam Nederlandse
Veren,glng Entomolog,a
et appl,cata 1984 v 35
,11 InclUdes references
421 EN895)

0074
Effect of plant extracts on insect pests
of COlMIOn beans
2ANEA Hongc H Karel A K Hamburg
W Ger Paul Parey ~ournal of applled
entomology c 2eltschrlft fur angewandte
Entomolog,e Sept 1986 v 102 (2) p
164-169 Includes references (NAL Call
No DNAL 421 236)

0075
Effect of seed treatment wlth
azadtrachtin on root-knot development
on and growth of SOllIe vegetab1es
TACUDC S1dd,qu, M A Alarn M M
London Assoc,atlon of ApplIed
B'ologlsts Tests of agrochern,cals and
cult,vars Apr 1988 (9) p 20-21
Includes references (NAL Call No DNAL
5587 T4"?)

0076
Effect of some Cl"'Ude and
azadtrachttn-enrtched neem (Azadlrachta
lndlca) seed kernel extracts on larvae
of Aedes aegyptl (Insect growth
regulators)
2eb·z C P W
Entomologlsche
exper, menta 1, s
(1) P 11-16
(NA. Cal' No

0077
Effect of some neem (Azadlrachta indlca)
and karanJ (Pongamta glabra) products on
utlllzattOn of urea nttrogen by upland
rlce
vINSA Surve S P Daftardar S Y New
DelhI The SocIety uournal of the
Ino,an Soc,ety of 50,1 Sc,ence Mar
1985 v 33 (1) p 182-186 ,II
Incluoes references (NAL Call Nc DNAL
56 9 IN2)

0078
Effect of sunlIght on azad,racht,n
antI feedIng potency (DegradatIon of an
lnsect,c,de prOduced from Azadtrachta
lndtca expertments on Spodoptera
f rug 1percla )
Stokes u B Redfern RENew York
Marcel DeKker uour~al of env,ronmental
sc,ence and health Part A
Env,ronmental sc,ence and eng,neer,ng
1982 v 17 (1) p 57-65 InclUdes 13
ref INAL Call No TD172 u6)

0079
The effect of the tradltional
preservatlves used ln northern Togo and
of neem OIl for control of storage
pests
Zehrer W Eschborn W Ger D,e
Gesellschaft Schr,ftenre,he der
Gesellsc~aft fur Techn,sche
Zusamrrenarbe,t In the ser'es analytlc
Natural pest,cldes from the neem tree
a~o o-ner troplcal plants I comp,led by
H SChmu·terer a~d K R S Ascher
Proceed,ngs Of the 2nd Internet Neem
Co~ference Ma, 25 28 1983
Rau1schnclznausen ~eoeral Republ,c of
Germany 1984 (161) p 453-460
Includes references (NA. Call No DNAL
HD1417 B8l

0080
Effect of U.... and .... cake coatec:t u....
on yield and concentratton and qual tty
Of essantial oil in ~ava citronella
(ey.bapogon wtntertanus ~itt)

~ASIAB Prakasa Rao E V S Singh
M -Ganesha Rao R S -Ramesh 5
Cambridge Cambridge Univers,ty Press
The ~ournal of agricultural sc,ence Apr
1985 v 104 (pt 2) p 477-479
Includes references (NAL Call No DNAL
10 "'822)

0081
The effect of variOUS extr.cts of neem
seed kernel on LtrlO11lyza trifol t t
(Burgess) (Diptera Agromyzidae)
ZPFSA Melsner u Yathom 5 -Tal
S -Ascher K R S Stuttgart W Ger
Eugen Ulmer Ze,tschrift fur
Pflanzenkrankhe,ten und Pflanzenschutz ~

uournal of plant dlseases and
protect,on Apr 1986 v 93 (2) p
146-152 InclUdes references (NAL Call
No DNAL 464 8 23)

0082
Effectiveness and selecttvity of
technlcal solvents for the extraction of
neem seed ~nents wlth insectlcldal
actlVtty
Feuerhake K '" Eschborn W Ger D,e
Gesellschaft Schr,ftenre1he der
Gesellschaft fur Technlsche
Zusammenarbe,t In the ser,es analyt,c
Natural pes~'c'des from the neem tree
and other trop,cal plants / comp,led by
H Schmutterer and K R S Ascher
ProceedIngs of the 2nd Internat Neem
Conference Mey 25-28 1983
Rau'schholzhausen Federal Republ,c of
Germany 1984 (161) p 103-114 111
InclUdes references (NAL Call No DNAL
HD1417 B8)

0083
Effects and applled potentIal of
antt-hormones tn acrldlds
Pener M P Chlchester E Horwood
e1987 Evolutlonary biology of
orthoptero,d ,nsects / edItor Bacc,o M
Baccett, p 400-413 111 Includes
references (NAL Call No DNAL
QL506 E9)

0084
Effects of a formulation of neem extract
on StX specles of cockroaches
(Orthoptera Blaber,dae Blattidae and
Blattell'dae)
PHPRA2 Adler V E uebel E C Bet
Dagan Agr,cu'tural Research
Organ,zat,on Phytoparaslt,ca Mar 1985
v 13 (1) p 3-8 InclUdes 8
references (NAL Call No DNAL
58599 P53)

0085
Effects of a neem tree (Azadirachta
lnd,ca) extracts on dtamond-back moth
(Plutell. xylostella L ) (Repellant and
antlfeedant propertles)
Tan ~ T Sudderuod,n K I Kuala
Lumpur Malayslsn Soc,ety of Appl,ed
BIology MalaYSIan appl,ed biology uune
1978 v 7 (1) P 1-9 'I' 14 ref
(NAL Cell No 5295 M3l



0086
Effects Of aqueous neem ~tracts and
rwem oil on the ..in pests Of Cucul"btta
pepo tn Togo
Dreyer M Eschborn W Ger Die
Gesellschaft Schriftenreihe der
Gesellschaft fur Technlsche
Zusammenerbeit In the series analytic
Natural pestic1des from the neem tree
and other tropical plants / comp1led by
H Schmutterer and K R S Ascher
Proceedings of the 2nd Internat Neem
Conference May 25-28 1983
Raulschholzhausen Federal RepublIc of
Germen} 1984 (16i) P 435-443
Includes references (NAL Call No DNAL
H01417 B8)

0087
Effects of azadlrachttn on ecdYSIS of
Rhodnius prolixus
JIPHA Souza GarCIa E de Rembold
H Oxford Pergamon Press Journal of
Insect phySIOlOgy 1984 V 30 (12) P
939-941 Includes references (NAL Call
No ONAL 421 u825)

0088
Effects of azadlrachtln on Insect
cytOChrome P-450 dependent eCdysone
20-monooxygenase actIvIty
BBRC SmIth S L MItchell M 0
Duluth Mlnn AcademIC Press
BIochemIcal and bIophySIcal research
commun,catlons July 29 1988 v 154
(2) p 559-563 Includes references
(NAL Call No DNAL 442 8 B5236)

0089
Effects of azadirachtln on oogenesIs in
Aedes aegyptl
PENTD Ludlum C T SIeber K P
Oxford Blackwell SCIentIfIC
Publlcat,ons Phvslologlcal entomology
0une 1988 y 13 (2) p 177 184
InclUdes references (NAL Call No ONAL
OL461 P5)

0090
Effects of azadlrachtln on reproduction
and egg development of the heteropteran
Oncopeltus fasclatus Dallas
ZANEA Dorn A Hamburg W Ger Paul
Parey Journal of appl,ed entomology =
Zeltschr,ft fur angewandte Entomolog,e
Oct 1986 v 102 (3) P 313-319
InclUdes references (NAL Call No DNAL
421 Z36)

0091
The effects of Azadlrachtln on the
endocrIne control of moUltIng in Locusta
mlgratorla
S,eber K P 0IPHA Rembold H Oxforc

Pergamon Press Journal of ,nsect
phys,ology 1983 v 29 (6) p 523 527
InclUdes references (NAL Cal~ No 421
0825)

0092
Effects of azadlrachtin on the nutrltion
and development of the tobacco bucIWorm
Hellothls Vlrescens (Fabr ) (Noctuldae)
0IPHA Barnby M A Klocke J A Devon

Pergamon Press 00urnal of Insect
phySIology 1987 ~ 33 (2) P 69 75
InCludes reterences (NAL Cb No DNAL
42' 0825)

0093
Effects Of ,... (Azadirachta indica)
seed kernel ~tracts from diff.rent
solvents on the carmine sptder ..ite
Tetranychus c t nnabar t nus ( Insect
anttfeec:ltng and growth regu1attng
prapert i es )
Mansour F A Ascher K R S Bet Dagan

Agricultural Research Drgan,zatlon
Phytoparasltica 1983 v 11 (3/4) P
177-185 III InclUdes references (NAL
Call No 5B599 P53)

0094
Effects of neem (Azadfrachta tndlca)
seed kernel extracts from different
solvents on the carmtne spider mite
TetranychUs cinnabartnus
Mansour F A Ascher K R S Eschborn

W Ger O,e Gesellschaft
Schrlftenre,he der Gesellschaft fur
Techn,sche Zusammenarbe,t In the serIes
analytIC Natural pest,cldes from the
neem tree and other tropical plants I
comp,'ed by H Schmutterer and K R S
Ascher Proceed,ngs of the 2nd Internat
Neem Conference May 25-28 1983
Raulschholzhausen Federal Republ,c of
Germany 1984 (161) p 461-469
InclUdes references (NAL Call No ONAL
HD1417 B8)

0095
Effects of neem (Azadirachta IndIca)
seed kernel extracts from dIfferent
solvents on the predaCIOUS mlte
Phytoselu1us perslml11s and the
phytophagous mIte Tetranychus
clnnabarlnus
PHPRA2 Mansour F ASCher
K R S -Omar, N Bet Dagan
Agr,cultural Research Organ,zat,on
Phytoparas,t,ca 1987 v 15 (2) P
125-130 Incluces references (NAL Call
No DNA~ S8599 P53)

0096
Effects of neem cake blended urea on
rIce yIeld (Method of fertilizing to
prevent ",trogen 10rs)
0adhav B B 0MAUO Pati1
V H -Kaorekar S B Pune 0 R Bapat
~ournal of Maharashtra agrIcultural
universltles May 1983 v 8 (2) P
124-125 InclUdes references (NAL Call
No S47 1 I 3 -.16 )

0097
Effects of neem derivattves on growth
and feCUndlty of the rIce pest
Nephotettlx virescens
(Homoptera Clcaaelltdae)
ZPFSA Heyde J von der Saxena
R C -Schmutterer H Stuttgart W Ger

Eugen Ulmer Ze tschrlft fur
Pflanzenkrankhelten und Pflanzenschutz =
Journal of plant dIseases and
protectIon Aug 1985 v 92 (4) p
346-354 111 InclUdes references (NAL
Call No DNAL 464 8 Z3)

0098
Effects of neem extracts on some Insect
pests of ecOnomlC lInportance in
ThaI land
Sombats,r, K Tlgvattanont S
Escnborn * Ger D,e Gesellschaft
Schr ftenrelne der Gesellscha&t fur
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Technische Zusammenarbelt In the serles
analytic Natural pesticldes from the
neem tree and other tropical plants /
compl1ed by H Schmutterer and K R S
Ascher Proceedlngs of the 2nd Internat
Neem Conference May 25-28 1983
Raulschholzhausen Federal Republlc of
Germany 1984 (161) p 95-100
Includes references (NAl Call No oNAL
HD1417 B8)

0099
Effects of neem kernel ext~acts on ~he

fall aMll)'WOrnl Spodoptera frug1perda
Hellpap C Eschborn W Ger o1e
Gesellschaft Schr1ftenre1he der
Gesellschaft fur Techn1sche
Zusammenarbe1t In the serles analytlc
Natural pestIcIdes from the neem tree
and other trop1cal plants / compIled by
H Schmutterer anc K R S Ascher
ProceedIngs of the 2nd Internat Neem
Conference May 25-28 1983
Rau1schholzhausen Federal Republlc of
Germany 1984 (161) p 353-364
InCludes references (NAL Call No oNAL
HD1417 B8)

0100
Effects of neem seed extract on the
post-embryon1c development of the
tobacco hornworm Manduca sexta
Haasler C Eschborn W Ger 01e
Gesellschaft Schr1ftenre,he der
Gesellschaft fur Techn1sche
Zusammenarbelt In the serIes analytIC
Natural pest1cloes from the neem tree
and other tropIcal plants / complIed b~

H Schmutterer and K R S Ascher
Proceeolngs of the 2nd Internat Neem
Conference Mav 25-28 1983
Raulschholzhausen Federal RepublIC of
Germany 1984 (161) p 321-330 III
InCludes references (NAL CG1 1 No DNAL
HD1 .. 17 B8)

010
Effects of neem seed powder and OIl on
Trlbollum confusum and SItophllus
zeama1S
Akov-Edl D Eschborn W Ger Ole
Gesellschaft Schrlftenrelhe der
Gesellschaft fur Technlsche
Zusammenarbe1t In the ser1es analytIC
Natural pestIcIdes from the neem tree
and other tropIcal plants / complIed Py
H Schmutterer ano K R S Ascher
Proceed1ngs of the 2nd Internat Neem
Conference May 25-28 1983
Raulschholzhausen Federal Repuc11c of
Gprmany 1984 (161) P 445-451
Includes references (NAL Call No DNA~

HD141- B8)

0102
The effects of sterOIds and azad,racht,n
on the salIvary gland and ovary ,n
1xodld t1cks
0IPHA Kaufman W R Devon Pergamon
Press 00urnal of Insect phYS1010gy
Papers presented at the VIII Ecdysone
Worksho~ on ECdysone From B1osynthes1s
to Mooe of Act10n Marcr 30-Apr11 2
198- Marburg Feoeral Republlc of
German, 1988 v 34 (7) P .. 721-723
InclUdes references (NAL Call No DNAL
4:2, J8:2~)

in

0103
Effects Of three different neem seed
kerne1 extract!; and azadt raCht t n on
larvae of different MOSquito spectes
ZANEA Zebltz C P W Hamburg W Ger
Paul Parey Journal of applied
entomology e 2eltschrift fur angewandte
Entomologle Dec 1986 v 102 (5) p
455-463 Includes references (NAL Call
No DNAL 421 236)

0104
Effec1=s of two trtterpenou:ls from neem
on feedtng by ClJCUlllber beetles
(CO1eoptera Chrysome1i dae ) ( Aca1ynma
vtttatum Dlabrottca undecimpunctata
howard! Azad,rachta 1nd1ca)
Reed D K JEENA Warthen J D -Uebel
E C -Reed G L College Park
Entomolog1cal SocIety of Amerlca
Journal of econom1C entomology Dec
1982 v 75 (6) P 1109-1113 10 ref
(NAL Call No 421 0822)

0105
Effects of variously formulated neem
seed extracts on Acypthoslphon pisum and
Aph1S fabae
Scnauer M Eschborn W Ger D1e
Gesellschaft Schrlftenrelhe der
Gesellschaft fur Technlsche
Zusammenarbe1t In the ser1es analytIC
Natural pestlc1des from the neem tree
and other trop1cal plants I comp1led by
H Schmutterer and K R S Ascher
ProceedIngs of the 2nd Irternat Neem
Conference ~ay 25-28 1983
Rau1schholzhausen Federal RepublIC of
Germany 1984 (161) p 141-150 III
InCludes references (NAL Call No DNAL
HD1417 B8)

0106
Effects of volat,le and non-volat,le
fract,ons of two medICInal plants on
germInatIon of Macrophom1na phaseol,na
sclerot1a
BMSTA DW1vedl R 5 Dubey R C
CambrIdge Eng Cambr1dge Un1verS1ty
Press Transact10ns of the Brlt,sh
MycologIcal Soc1ety Sept 1986 v 87
(pt~) P 326-328 InCludes references
(NAL Call No DNAL 451 876)

0107
The effIcacy of azad1rachtin on putat,ve
ecdysterold-sensltlve systems in the
1xodld tIck Amblyomma amerlcanum L
JIPHA L1ndsay P 0 Kaufman W R
Devon Pergamon Press 00urnal of
1nsec· phyS1010gv 1988 v 34 (6) P
439-442 I~cludes references (NAL Call
No DNAL 421 J825)

0108
Eff,cacy of dlflubenzuron and neem seed
kernel suspens,on agaInst the tobacco
caterp11lar Spodoptera litura in
tobacco nurser,es
PHPRA2 S1taramalah S Ramaprasad
G -JoshI B G Bet Dagan Agr1cultural
Research Organ1zatlon Phytoparas1tlca
1986 v 14 (4) P 265-271 111
InCludes references (NAL Call No DNAL
SB599 P53)
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0109
Efficacy of Mel ia azcal"ach. Ltnn
(Baka in) and IIOl"ante1 aga t nst natural 1y
acquired Bastroi~testinal nea.todes in
goats
Akhtar M S Rlff~t S Faisalabad
Faculty of Veterinary SClence
UniverSIty of Agr,culture Paklstan
veter,nary journal ~uly 1984 v 4 (3)
p 176-179 !ncludes references (NAl
Call No DNAl SF604 P32)

0110
Effic.cy of 'neem' cake on fodder
proauctlon photosynthetic pigments and
nematodes assOclated with oats and lts
I"eS 1c1ua 1 effect on cowpea
I~~EDT ~aln R K Hasan N New DelhI

Nematological SocIety of Ind,a Irelan
Journal of nematology ~une 1986 v 1€
(1) p 98-100 InclUdes references
(NAL Call No DNAL Ol391 N415)

0111
EffIcacy of nltrlf,cation inhibitIng
agents used for augmenting cotton Yleld
in the Vertls01 of Madhya Pradesh
MAAJA Ja,n S C COlmbatore R
~ayaraJan The Madras agricultural
Journal Fel:l 1ge~ v 71 (2) P 89-92
Includes 9 references (NAL Call No
DNAL 22 M262)

0112
Efflcacy of soil amendments In control
of root-knot nematodes , n tObacco
nursery
Gowda 0 N Shlvanandappa
N -Kdregowda C Bangalore IndIan
Soclety of SOIl BIology and Ecology
Dept of Entomology UnlV of AgrlC SCI
Journal of SOIl bIology & ecology Sept
1ge5 v 5 (2) p 131-133 InclUdes
references (NAL Call No ONAL
OL 10 J62)

0113
EffICIency of utIlIsatIon of dIgestible
and metabollsable energy for mIlk
productIon WIth neem cake (Murrah
buffaloes)
Ma,tra 0 N IJOSA Roy S -Duttagupta
R New DelhI Ind,an Dalry Assoclatlon
The IndIan Journal of dalry sCIence
Sept 4982 v 35 (3) P 368 372
Includes references (NAL Call No 44 8
IN2f3)

0114
ElectronIcally recorded dIsturbances In
feedIng behavior of Nephotettlx
vlrescent (Homoptera Clcadell,dae) on
neem OIl-treated rIce plants
JEENAI Saxena R C Khan Z R
College Park Md En·omologlcal
Soclet of AmerIca Journal of economIC
entomology Feb 1985 v 78 (1) P
222 226 III Includes references (NAL
Call No ONAl 421 v822)

0 1 15
EndocrIne man1pulatl0ns JuvenIle
hormone and ontogenesIs of male sexual
behaVIour In locusts
ISBCA Pener M P Shalom U Oxford
Eng Pergamon Press Insect
blocherr,st~, Paper presenter a· t~e

Fourth Internatlona Symposlum on

~uvenll. Hormones Physiology
BiOChemistry and Chemistry (~H IV) I

September 7-11 1986
N,agara-on-the-lake Ontario Canada
1987 v 17 (7) p 1109-1113 Includes
references (NAl Call No DNAl
01.495 A1157)

0116
The .stab11 shment of a new program in
the Phil ippi nes fOr crop and harvest
pl"Otect i on
Baluyut A S Eschborn W Ger Die
Gesellschaft Schrlftenreihe der
Gesellschaft fur Technlsche
2usammenarbelt In the ser,es analytiC
Natural pestlc,des from the neem tree
and other tropIcal plants / compiled by
H Scnmutterer and K R S Ascher
ProceedIngs of the 2nd Internat Neem
Conference May 25 28 1983
Rau,schholzhausen Federal Republic of
Germany 1984 (161) P 527-530 (NAL
Call No DNAL HD1417 B8)

0117
The establ1shment of neem plantations in
the AmerIcan troplcs
Pl,ske T E Eschborn W Ger Ole
Gesellschaft SChrlftenre,he der
Gesellschaft fur Technlsche
Zusammenarbelt In the serles analytIC
Natural pestICIdes from the neem tree
and other trop,cal plants / comp"ed by
H Schmutterer and K R S Ascher
ProceedIngs of the 2nd Internat Neem
Conference May 25 28 1983
Raulschholzhausen Federal RepublIC of
Germany 1984 (161) p 521-525
InclUdes references (NAL Call No DNAl
HD1417 B8)

0118
Evaluatl0n and ut1lizat'0n of neem cake
agaInst the brown planthopper
NIlaparvata lugens
Saxena R C Justo ~ 0 Jr -Eplno
P B ESChPorr W Ge~ Ole
Gesel1schaft Schr,ftenre,he der
Gesel1schaft fur Technlsche
Zusammenarbe,t In the series analyt,c
Natural pestICIdes from the neem tree
and otner trop1ca1 plants / compIled by
H Schmutterer and K R S Ascher
ProceedIngs of the 2nd Internat Neem
Conference May 25-28 1983
Raulschholzhausen Federal RepUblIC of
Germany 1984 (161) p 391-402
Includes references (NAL Call No DNAl
HD1417 B8)

0119
Evaluat10n and utl1lzatlon of neem cake
aga1nst the rIce brown planthopper
NIlaparvata lugens (Homoptera
oelphacldae) (Azadlrachta indica)
Saxena R C vusto H 0 Jr -Eplno
P B College Park Md Ertomolog1cal
Soclety of AmerIca Journal of economIc
entomology Apr 1984 V 77 (2) P
502-50i ,11 InclUdes references (NAL
Ca'l No 421 J822)
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0120
Evaluat,on of aqueous solution Of neem
saed extract against LiriOllYZa sativae
and Liriomyza trifolii (Diptera
Agr-omyz i elae ) (Azad i rachta , nch ca )
Webb R E JEENA Hlnebaugh
M A -Llndqulst R K -~acobson M
College Park Entomologlcal SocIety of
Amerlca Journal of economlC entomology
Apr 1983 v 76 (2) p 357-362
Includes references (NAL Call No 421
J822)

0121
Eva1uat,on of certa,n 0' 1Seed cake
poWders as grain protectant aga,nst
S,tophllus oryzae L,nnaeus
I~ENA Sowry S K Pandey
~ D -Trlpathl R A New Oelhl
EntomologIcal SOClet~ Of Indla IndIan
Journa' of entomology uune 19B4 v 4S
(pt 2) p 196-200 Includes
references (NAL Call No ONAL 420
IN231

0122
Evaluat,on of root bark of Azad,rachta
indlca (Mellaceae)
JPMOE6 Sanyal M MukherJland
A -Datta P C v~dnpur SClentlflc
PubllShers Journal of plant anatomy and
morphology July 19B6 v 3 (1) P
13 19 III InCludes references (NAL
Call No ONAL OK641 JSB2)

0123
Evaluat,on of the ,nsecticldal
propert,es of the common IndIan neem
Azadlrachta IndIca A ~uss seeds
agaInst the Egyptlan cotton leafworm
Spodoptera llttoralls (B01Sd )
El-Saved E I CaIro The Soclet}
BulletIn of the EntomologIcal SocIety of
Egvpt EconomIc serIes 1982/1983 (pub
1985) (3) ~ 39-4~ InCludes
references INAL Call No DNAL
SB931 AleS)

0124
ExtractIves of seeds of the Mel,aceae
effects on Spodoptera frus,perda (v E
SmIth) Acalymma v,ttatum (F) and
Artemla sallna Leach
JCECD MIkolaJczak K L Reed 0 K
New York N Y Plenum Press vournal
of chemIcal ecology Jan 1987 v 13
(1) p 99-111 InclUdes references
(NA~ Call No DNAL 00415 A1Jc)

0125
Extracts of neem (Azadlrachta IndIca)
seed kernels do not InhIbit
spermatogenesIs in the rat
Krause W Aoaml M Eschborn W
Ge~ Ole Gesellschaft Schrlftenrelhe
der GesellsChaft fur Technlsche
Zusarnrnenarbelt In the serIes analytIC
Natural pestICIdes from ~he neern tree
ana other tropIcal plants / compllec by
H Scnmut~erer ana K R 5 Ascher
ProceedIngs of the 2nd Internat Neem
Conference May 25-28 1983
Raulschholzhausen Federal RepublIC of
Germanv 1984 (161) p 483 489
InclUdes references (NAL Call No ONAL
H01417 BSI

0126
Feeding inhibition ancl lIa"tal ity effects
of ....-seed extract on the Colorade
potato beet,. (Co1eopt."a
ChrySOMl ielae)
~EENAI Zehnder G Warthen J 0
College Park Md EntomOlogIcal
Society of Amerlca ~ournal of economlC
entomology Aug 1988 v 81 (4) P
1040-1044 InclUdes references (NAL
Call No ONAL 421 ~822)

0127
Feeding value of neem seed _al for
starter Chicks
Sadagopen V R Johrl T S -Reddy
V R -Panda 8 K Madras IndIa lndlan
VeterInary AssociatIon Indian
veterlnary Journal June 1982 v 59
(6) p 462-465 6 ref (NAL Call No
41 B IN2)

0128
F,eld evaluatIon of neem (Azadlrachta
indica A ~uss) seed kernel extracts
aga i nst the pod borers of pIgeon pea
CaJanus caJan (L ) MIllsp
IJENA Slngh R P SIngh Y -SIngh
S P New DelhI EntomologIcal SocIety
of IndIa Indlan Journal of entomology
Mar 1985 v 47 (pt 1) p 111-112
InclUdes references (NAL Call No DNAL
420 1....23)

0129
Funga 1 flora of neem (Azad i rachta
,ndlca) seeds and neem OIl toxIcIty
(Asperg"'us aflatox,n)
SInnlah 0 Varghese G -Baskaran
G -Koo S H Kuala Lumpur MalaySIan
Soclety of ApplIed BIology MalaySIan
applled bIology June 1983 v 12 (1)
P 1-4 InclUdes references (NAL Call
No S295 M31

0130
Further const,tuent from the seeds of
Mella azedarach
PLMEAA Srlvastava S 0 Stuttgart w
Ger Georg Thleme Verlag Planta
medlca = Journal of medlclnal plant
research Feb 1987 v 53 (1) p
100 101 InclUdes references (NAL Call
No DNAL 450 PS97)

0131
GermInatIon of storage of neem
(Azadlrachta indIca A ~uss) seed
SSTCB Ezumah B S Zurlch
Internatlonal Seed Testlng Assoclatlon
Seed sCIence and teChnology 1986 v 14
(3) P 593-600 maps InclUdes
references (NAL Call No DNAL
SB117 S455)

0132
Germlna~1on ~es~s wI~h neem seeds
Fagoonee I Eschborn W Ger Ole
Gesellschaft Schrlftenrelhe der
Gesellschaft fur Techn1sche
Zusammenarbelt In the serles analytIC
Natural pestlcldes 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
Ra~Ischholz~ausen Federal RepublIC 0&
G>e~lTanv 964 (161) P 531-538 1.
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0134
Gro~th of Azad1rachta Indica and Mel,a
azedarach at coastal sand USIng highly
sa11ne water for irr1gatlon
PJBOB6 Ahmad R Khan D -lsma11 S
Karach1 PakIstan Botan1cal SocIety
PakIstan Journal of botany Dec 1985 v
17 (2) P 229-233 InclUdes references
(NAL Call No DNAL OK1 P3)

0135
The gum eXUdates from Chloroxylon
sWleten1a Sclerocarya caffra
Azadlrachta 1nd,ca and Morlnga olelfera
PYTCA Anderson D M W Bell
P C -G,l1 M C L -McDougal F J -McNab
C G A Oxford Eng Pergamon Press
PhytochemIstry 1986 v 25 (1) p
247-249 Includes 20 references (NAL
Call No DNAL 450 P5622)

0133
Growth-disrupting effects of
azad I racht I n on the larvae of the
As1atlc corn bOrer (Ostr1nla furnaca11s
Guenee) (Lep I d Pyrel t ciae )
ZANEA Chlu S Zhang X -L,u
S -Huang D Hamburg W Ger Paul
Perey Zeltschr,ft fur engewandte
Entomologie • ~ournel of applied
entomology Apr 1985 v 99 (3) P
276~284 111 Includes references (NAL
Call No DNAL 421 Z36)

Includes references (NAL Call No
HD1417 B8)

DNAL 0139
Inducing ..lanetic nodUles within the
fat bOdy of the last instar larva. of
Epilachna varivest,s (Coleoptera) by
azadirachtin
uIVPA Schluter U Se,fert G
Duluth M,nn Academic Press ~ournal

of invertebrate pathology Jan 1988 v
51 (1) P 1- 9 i 11 1nc 1udes
references (NAl Call No DNAL 421
0826)

0140
Influence of a neem (Azadirachta tndlCIl)
windbreak plantatIon on millet YIelds
and mlcrocl,ma1:e in N1ger West Africa
Long 5 Pe~saud N -Gandeh
M -Ouattara M Bozeman Mont Montana
State UnIversIty Cooperative ExtenSIon
ServIce Great PlaIns AgrIculture I e
AgrIcultural Counc,' publ1cat,on Paper
presented at the International
Sympos,um on WIndbreak Technology June
23-27 1986 LIncoln Nebraska 1986
(117) p 183-184 (NAL Call No ONAL
S27 A3)

0141
Influence of agrIcultural ChemIcals and
neem cake on root nodulation and yIeld
of gram (Beans)
Shlngte V V Sh,nde P B -Patil P
Pune 0 R Bapat Journal of
Maharashtra agr1cultural un,verslt,es
May 1984 v 9 (2) p 225 InclUdes 7
references (NAl Call No S471 I3J6)

0136
H1stochem1stry of paraquat treated wood
In Azadlrachta IndIca A ~uss

(Heartwood format 1on)
Na,r M N B Shah J J Lelde~

Internat,ona' Assoclat,on of Wood
AnatomIsts IAWA bul1et,n new ser,es
1983 v 4 (4) P 249 25~ ,11
Includes references (NAl Call No
OK647 .2)

0137
IdentIfIcatIon of 24-methylenelophenol
from heartwood of Azadlrachta IndIca
PYTCA BanerJ' R M1sra G -N'gam
S K Oxford Pergamon Press
Phytocnem stry 1987 v 26 (9) P
2644 2645 InclUdes references (NAl
Ca'l No DNAl 450 P5622)

0138
IncreaSIng biologIcal nItrogen fixatIon
in flooded rIce using neem
Grant I F Seegers R -Wa+anabe
Eschborn W Ger D,e Gesellschaft
SChrlftenrelhe der Gesellschaft fur
Techn,sche Zusammenarbe,t In the ser,es
analyt'c Natural pest,c,des from the
neem tree and other trop,cal plants /
comp,led by H Schmutterer and K R S
Ascher ProceedIngs of the 2nd Internat
Neem Conference Ma} 25 2S 1983
Rau,schholzhausen Federa' RepUblIC of
Germany 1984 (161) p 493-505
InclUdes references (NAL Call No DNAl
H0141"' B8)

0142
Influence of azadlracht,n on insect
nutrItIon and reproductIon
prSBA Karnavar G K Bangalore The
Academy Proceed,ngs AnImal sc,ences ­
!ndlan Academy of SCIences May 1987 v
96 (3) P 341-34~ InclUdes references
(NAl Call No DNAl OL1 148)

0143
The Influence of azadiracht,n on the
growth and development of immature forms
of the ~apanese beetle Pop1l11a
J8Pon1Ca
Ladd T L Jr Eschborn W Ger O,e
Gesellschaft Schrlftenre,he der
Gesellschaft fur Technlsche
Zusammenarbe,t In the serIes analyt'c
Natural pest,c,des from the neem tree
and other trop,cal plants / comp,'ed by
H Schmutterer and K R S Ascher
ProceedIngs of the 2nd Internat Neem
Conference May 25 28 1983
Rau,scnholzhausen Federal Republ,c of
Germany 1984 (161) p 425-433
InclUdes references (NAL Call No DNAL
HD1417 B8)

0144
Influence of host plant on deterrence by
.ZadI racht i n of feed I ng by fall armyworm
larvae (LepIdoptera Noctuidae)
JEENAI Raffa K F College Park Md
EntomologIcal Soc,ety of Amer,ca
Journal of economIc entomology Apr
1987 v 80 (2) P 384 387 Includes
re~e~ences (NAL Call No DNAL 421
JB22)
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0145
Inf 1uence of .- cake on the growth Of
Azolla ptl'V'lata
MAAJA Kenna'yan 5 ThangaraJu
M -Oblisaml G Coimbetore R
~ayaraJan The Madras agricultural
journal Jan 1984 v 71 (1) P 66-67
Includes 8 references (NAL Call No
DNAL 22 M262)

0146
Influence of neem l.af on nttrtficatton
in a lowlanQ rice soil
PLSOA2 Santhi 5 R Palan,appan
5 P -Purushothem 0 Dordrecht
Martinus N,jhoff Plent end soil 1986
v 93 (1) p 133-135 Includes 12
references (NAL Call No ONAL 450
P696)

0147
I nf 1uence of nitrogenous fert i1 i zers
..." th and ..." thout neem cake blendlng on
the y,eld of finger millet (Eleuc1ne
coracana Gaertn )
Subb,ah S Ramanathan K M -Franc,s
J J -Sureshkumar R -Kothandaraman G V
New Delhi IndIa The Soc,ety Journal
of the Ino,an Soc,ety of 5011 SClence
Mar 1982 v 30 (1) P 37-~3 12 ref
(NA~ Call No 56 9 IN2)

0148
Influence of wood-harvest1ng on Wlnd
protectlon between rows of a neem
(Azad1rachta 1nalca) plantatlon In
N1ger west Afrlca
Persaud N Long 5 -Gandah
M -Ouattara M Bozeman Mont Montana
State Un,verSlty Cooperatlve Extenslon
Serv,ce Great Pla,ns Agrlculture 1 e
Agrlcultural Counc,l publlcat,on Paper
presentee at the Internatlonal
Symposlum on Wlndbreak TeChnology June
23-27 ,986 L,ncoln Nebraska ,986
(11 7 ) p 211-212 (NAL Call No DNAL
S27 A3)

0149
Inh1blt,on of growth and development of
the tobacco caterp111ar Spodoptera
lltura Fabr due to azad1rachtln and
other neem products
IJENA GUJar G T Mehrotra K N New
Delh, Entomolog,cal Soc,ety of Ind,a
Ino,an Journal of entomology Dec 1983
v 45 (pt 4) p 431-435 InclUdes
references (NAL Call No ONAL 420
IN23)

0'50
Insect antifeedant act1vity of four
prleur,an,n-type limonoids
JNPRDF Lidert Z Taylor
o A H -Th,rugnanam M C,nc,nnat, Oh,o

Amer,can Soc,ety of Pharmacognosy
Journal of natural products Sept/Dc­
1985 v 48 (5) P 843-845 InclUdes 17
references (NAL Call No DNAL 442 8
L77)

0151
Insect ant1feedants and growth
,nh,b,tors from Azadirachta lnd1ca and
Plumbago zeylanlca
Sharma H C Leuschner K -Sankaram
A V B -Gunasekhar 0 -Marthandamurthl
M -6hasKa~,ah K -SUbramanyam

b t
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M-Sultana N Eschborn W Ger Die
Ges.llschaft Schriftenr.1he del'"
Ge••llschaft fur Techn1sche
Zusamnenarbett In the series analyt1c
Natural pesticides from the neem tree
and other tropical plants / compiled by
H SChmutterer and K R 5 Ascher
Proceedings of the 2nd Internat Neem
Conference Mey 25-28 1983
Rau,schholzhausen Federal Republic of
Germeny 1984 (161) p 291-320 ,11
InclUdes references (NAL Call No DNAl
HD'I411 B8)

0152
Insect growth-regulating (IGR) effects
of neem prodUcts on Spodoptera
1ittoral ts
Me1sner v Ascher K R S Eschborn

W Gel'" Die Gesellschaft
Schr,ftenrelhe der Gesellscheft fur
Technlsche Zusammenerbe,t In the ser,es
analvt1c Natural pestlc,des from the
neem tree and otner trop,cal plants /
comp,led by H Schmutterer end K R S
Ascher Proceed,ngs of the 2nd Internat
Neem Conference May 25-28 1983
Rau,schholzhausen Federal Republ,c of
Germany 1984 (161) p 345-352
Includes references (NAL Call No DNAL
HD1417 88)

0153
Insect growth regulatory activity of
some indigenous plant extracts
Deshmukh P B Renapurkar 0 M
Oxford Eng Pergamon Press Insect
science and ,ts applicat,on 1987 v 8
(1) p 81-83 Includes references (NAl
Call No ONAL QL461 157)

0154
Investlgat1ng the feasib11lty of using
botanIcal mater,als for pest control
under trad,t,onal farm1ng systems A
suggested approach
Ahmed S Gra,nge M -Hylln
V W -MItchell W C -Llts,nger v A
Eschborn W Ger Die Gesellschaft
Schr,ftenre,he der Gesellschaft fur
Technlsche 2usammenarbe,t In the ser1es
analyt,c Natural pest,c,des from the
neem tree and other trop,cal plants /
comp,led by H Schmutterer end K R S
Ascher Proceed,ngs of the 2nd Internat
Neem Conference May 25-28 1983
Rau,schholzhausen Federal Republ,c of
Germany 1984 (161) p 545-550 (NAL
Call No DNAL HD1417 B8)

0155
Isolatton and pur'f1cation of
azad,l"'acht,n from neem (Azad1rachta
i nd1ca) seeds us i ng flash chromatography
and h'gh-performance 1iquid
chromatography
JOCRAM Vamasak, R B Klocke
v A -Lee S M -Stone G A -Darlington
M V Amsterdam Elsevier Sc,ence
Publ,shers Journal of chromatography
Mar 28 1986 v 356 (1) p 220-226
Includes references (NAL Call No DNAL
475 JB24)
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0156
Isolatton and purification of salannin
from neem seeds and its quantification
in neem and ch t nablar!")' seeds and laaves
~OCRAM Yamasaki R B R,tland
T G -Ba~nby M A ~locke ~ A Amsterdam

Elsevier Science Publi5he~s ~ou~nal

of chromatog~aphy Aug 5 1988 v 447
(1) p 277-283 Includes references
(NAL Call No DNAL 475 ~824)

0157
Isolation of a tetr-anortrttar-penoid from
Azadir.chta indica
PYTCA Siddi~Ul S SIddIquI
B S -Fal%l S -Mahmood T Oxford Eng

Pergamon P~ess Phytochemist~y 1984
v 23 (12) p 2899-2901 III Includes
13 references (NAL Call No DNAl450
P5622)

0158
Isolation of a trtter-penoid from
Azadtracht. indica
PYTCA Slddi~Ul S Mahmood
T -SlddlqUl B S -Fa1%i S Oxford
Pergamon Press PhytOChemIStry 1986 v
25 (9) P 2183-2185 InclUdes
references (NAl Call No ONAL 450
P5622)

0159
An isoprenylated flavanone from leaves
of Azadirachta indica
Gerg H S Bhakunl 0 S Oxfo~d Eng

Pergamon Press PhytOChemistry 1984
v 23 (9) p 2115-2118 III InclUdes
references (NAL Call No 450 P5622)

0160
~.panese beetle (Coleoptera
Scar~acldae) the effects of
azadlrachtln on the growth and
development of the immature forms
(Poplllla Japontca economIc plants)
LadO T L ur Warthen u 0
ur -KleIn M G College Park MO
EntomologIcal Soclety of AmerIca
uournal of economlC entomology Aug
1984 v 77 (4) P 903-905 Includes 17
~eferences (NAL Call No 421 u822)

016i
~uvenlltzing effect of azadlrachtln on a
noctuld moth Spodoptera litura Febr
(Indta)
GUJa~ G T IuEBA Mehrotra K N New
DelhI Publ,catlons & InformatIon
DIrectorate IndIan Journal of
experimental bl0logy May 1983 v 21
(5) P 292-293 III IncluCles
references (NAL Call No 442 8 IN2)

0162
Laboratory evaluation of neem-seed
extract agaInst larvae of the c~bage

looper and beet aM1lyworm (L.epidoptera
Noctuldae)
JEENAI P~abhaker N Coudriet
D L -Klshaba A N -Meyerdlrk 0 E
College Park Md Entomo oglcal
SocIety of AmerIca uournal of economlC
entomology Feb 1986 v 79 (1) p
39-41 InclUdes references (NAL Call
No ONAl 421 u822)

0163
Labor.tory Uudias on sav.ral plant
_t.rials as insect NIPlIllants for
protectton of careal grains (Tu,...ric
CUraaa I eng. naem Azad i rachta i nd ic.
fanug..... Tr igone11. foenLllll-graceum
Tribolium castaneum Trogode~

granarium Rhyzopertha dominica)
~ilani G Su H C F Coliege Pa~k

Md Entomological Soclety of Ame~lca

~ournal of economIc entomology Feb
1983 v 76 (1) P 154-157 Includes
references (NAL Call ~o 421 ~B22)

0164
Limited occurrence of foliar- root-
and seed-applied naem seed axtract to~in

in untreated plant parts
~EENAI Larew H G College Perk Md
EntomologIcal SocIety of AmerIca
~ournal of economIc entomology Apr
1988 v 81 (2) P 593-598 Includes
refe~ences (NAL Call No ONAL 421
~822)

0165
L1mon01ds from the seeds of Mella
azedarach
~NPROF SrIvastava S 0 ClnClnnatl
Ohl0 AmerIcan SocIety of Phe~macognosy

and the Lloyd Library and Museum
~ournal of natural products van/Feb
1986 v 49 (1) P 56-61 Includes
references (NAL Call No ONAL 442 8
L77)

0166
Llriomyza trr,fo11t (Burgess) (Diptera
Agromyzldae) control on Chrysanthemum by
neem seed extract appl led to sOlI
JEENAI Larew H G Knodel-Montz
u u -Webb R E -Warthen v 0 College
Park Md Entomological SocIety of
AmerIca vournal of economlC entomology
Feb 4985 v 78 (i) p 80-84 InclUdes
references (NAl Call No ONAL 42i
u822)

Oi67
Macroscopic microscopic and preliminary
phytochemlcal studIes on the bark of
Melia azedarach
Sanya' M I~DRB Datta P C Bombay
A Patenl IndIan drugs Dec 1982 v 20
(3) P 85-90 (NAL Call No RM1 15)
Mella a%edarach (bark of Indlan
deClduous tree used for enthelmlntlc
entlmalarlal end other meCllclna'
pu~poses) macroscopic mlcroscoplC end
phytochemical study d1fferentlatlon
f~om tree ba~k somet,mes used as
substItute

0168
The margosa tree (4ZadYrachta indica)
(Descrlptton tImber uses Sri L.anka)
Popham S Kaual HawaII The Garden
The Bullet1n • Peclflc Tropical
Botanical Garden uan 1984 v 14 (1)
P 5-7 (NAL Call No QK73 P3P3)

0169
Margosan-O a commercIal formulation of
neem seed extract controls L.irlomyza
trlfolll on chrysanthemUms
Knodel v v Larew H G -Webb R E
Clemson S C South Carollna
Entomologlca, SocIety uournal of
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Ind,an
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9.<1-96

0180
Neem a plant extract for control of
Colorado potato beetle
Zehnder G W Warthen JOur
BlaCkSburg Va Virg,n,a PolytechnIC
'n5t and State un,vers,ty Cooperat,ve
Ext Serv,ce The Vegetable grower S
news MaY/vune 198& v 42 (6) p 1-2
lNAL Call No D~AL 275 28 V52)

0177
Natural neem kills cockroacheS and
greenhoUse pests
AGREA BerberlCh S Wash,ngton 0 C
The Adm,n,strat,on AgrIcultural
research - U S Department of
Agr,culture Agr,cultural Research
Serv,ce Apr 1986 v 34 (4) P 13-14
III (NAL Call No ONAL 1 98 AG84)

0176
Natural chlorophyll .utant in
Azadfrachta fndica A IIuss
KulkarnI H 0 Srlmath, R A
uabalpur India Society of Tropical
Forestry SCIentIsts uournal of tropIcal
forestry July/Sept 1986 v 2 (3) P
241 - 243 ill Inc1udes ref erences ( NAL
Call No DNAL 5D247 u6B)

ONAL 58737 T7)

0179
Naturally occurring pesticides and theIr
potentIal (AlkalOIds pyrethrum
rotenolds neem bItters bacterIal
InsectICIdes BaCIllus vIruses FungI
nematodes protozoa insect-based
compounds)
Saxena R C Oxford Pergamon Press
1983 Chem,stry and world food supp1,es

the new front,ers Chemrawn II
lnv,ted papers presented at the
Internat,onal Conference on Chem,stry
and World Food SUPP"es Man,la
Ph,l,pp,nes 6-10 December 1982 / ed W
Shem,lt L,terature rev,ew p 143-161
,11 InclUdes references (NAL Call No
5583 2 157 1982)

Call No

0178
Natural pestiCIdes from the neem tree
(Azadlrochta IndIca A ~uss) and other
tropIcal plants proceedIngs of the
Second International Neem Conference
Raulschholzhausen Federal RepUblic of
Germany 25-28 May 1983 / compIled and
prepared by HeInz Schmutterer K R 5
Ascher
Eschborn DeutSChe fur Technlsche
2usammenarbelt (GTZ) Rossdorf
D,str,butor TZ-Verlagsgesellschaft

1984 587 P 7 P Of plates ,11
(some col) 21 cm InclUdes
b,bl,ograph,es (NAL Call No DNAL
HD1417 B8 no 161)

0174
Mycoflora (FungI) assocIated WIth
Azadlrachta (IndIca) seeds
Sr,vastava R C S,ndr, Plann,ng and
Development D,v,s,on Fert,l,zer
CDrooratlon of Ind,a Fert,l,zer
technology 0an/Mar 1978 v 15 (1) P
56 ,11 INAL Call No TP963 A1T4)

0171
M,nor 01 1seeds (Mahua neem karanja
kusum and sal India)
Bhatnagar P S INFAA New Oelh,
Counc,l of Agr,cultural Research
farm,ng Nov 1982 v 32 (8) P
III (NAL Call ~o 22 IN283)

0172
MorphogenetIC effects of some
partIally-purIfIed fractions and
methanollc extracts of neem seeds on
Mythlmna separata (Walker) and
CnaphalocroCls med,nalls (Guenee)
(Azadlrachta IndIca control of rIce
Insect pests)
Schmutterer h ZANEA Saxena
R C -Hevde J von der Hamburg ~

Ger Paul Parey Ze,tschr,ft fur
angewandte Entomolog,e c Journal of
app',ed entomology Apr 1983 v 95 (3)
p 230 237 ,11 InclUdes references
(NAL Call No 421 236)

01-:
The mutagenIc, tIes of seven coumarIn
derIvatIves and a furan derIvatIve
(nlmbollde) Isolated from three
medIcinal plants
JTEHD6 Uwa,fo A D Wash,ngton 0 C
Hem,sphere Puol,sh,ng Journal of
tOXIcology and env,ronmental health
1984 v 13 (4,6) p 521-530 Includes
refere,ces (NAL Call No DNAL
RA565 A1J6)

agricultural entomology ~uly 1986 v 3
(3) P 249-254 Includes references
(NAL Call No DNAL 58599 u69)

0170
IoIethCldology of the Epilachna varivestis
bIoassay of antifeedants demonstrated
wi th some~ from Azadi rachta
indIca and Melia azedarach
Schw,nger M EhhBmmer 8 -Kraus W
Eschborn W Ger D,e Gesellschaft
Schr,ftenreihe der Gesellschaft fur
Techn,sche ZusBmmenBrbe,t In the serIes
analyt,c Natural pesticides from the
neem tree and other trOPIcal plants /
comp,led by H Schmutterer and K R S
Ascher Proceed,ngs o~ the 2nd Internat
Neem Conference May 25-28 1983
Rau,schholzhausen Federal Republ,c of
German) 1984 (161) p 181-198 ,11
Includes references (NAL Call No DNAL
H01417 B8)

0175
Mycoplasmas and fas~ldlous vascular
prokaryotes aSsocIated WIth tree
dIseases In ChIna
Tsa, J H Chen Z Y -Shen C Y -J,n
K ~ Edmonton Un,verSlty of Alberta
Pres~ 1988 Tree mycoplasma\and
mycoplasma o,seases / ed' ted by C
H,ruk, L,terature rev,ew P 6S-9i
111 maps Includes references (NAL

0181
Neem (Azadlrachta indIca A uUss) of
West African orIgIn as a protectant of
stored maIze (Zea mays Sitophilus
oryzae Cryptolestes ferrugineus
Rhlzopertha domlnlca)
Pere,ra J ZANEA Wohlgemuth R
Hamburg W Ger Paul Parey
2e,tschr,ft fur angewandte Entomologle
: uourna C~ appl,ed entomology Sept
198~ v 9~ (2) ~ 205 2'4 Includes
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0183
Neem (Azadlrachta indica) cultivated in
HaItI (Non-forest tree grown for
"dicinal or pestlcide use)
leWIS W H ECBOA ElVin-leWis M P F
Ne~ York New York BotanIcal Garden
Economic botany uan/Mar 1983 V 37
(1) P 69-70 III Includes references
(NAl Call No 450 EC7)

0182
Neem (Azadirachta indica A .Juss) seeds
as antifeedant and ovipositional
repellent for the Egyptian cotton
l.afworm Spodopte,.a ltttoralts (Ioisd )
El-Sayed E I Cairo The Society
BulletIn of the EntomologIcal Society of
Egypt Economic ser1es 1982/1989 (pub
1985) (13) p 49-S8 Includes
references (NAl Call No ONAl
58931 AiES)

0186
Neem family is a challenge to tissue
eulturlsts
Sarkar M S Datta P C Calcutta
Botanlcal Lab of Pharmaco Anatomy
Calcutta Unlv Coll of SCl 1985?
Proceedlngs of NatIonal Svmpos,um o~

App1,ed B,otechnology of Medic,na'
Aromatlc and Timber Yle1dlng Plants
held on 12th & i3th January 1984 chlef
edItor PC Datta p 119131 ill
InCludes references (NAL Call No ONAl
SB293 "'37 1984)

0187
Neem In agr i cuaure
New DelhI Ind'an Agrlcultura' Research
Instl"l.lte 1983 Vl1 63 p 111 25
em InclUdes bibliographlcal
references (NAL Call ~o DNAL
5616 14143 no 40)

0184
Hearn (Azadtrachta indlca Linn ) as
feedIng deterrent of castor semi looper
(Achaea janata Linn )
JEQED Chari M S Muralldharan C M
New DelhI Malhotra PUblIShing House
Journal of entomol~g1cal research Dec
1985 v 9 (2) P 243-245 III
InclUdes references (NAL Call No ONAL
OL483 I4J6)

0185
Neem chlnaberry and custard apple
Antlfeedant and InsectiCidal effects of
seed oils on leafhopper and planthopper
pests of rice
Saxena R C Eplno P B -Tu
C W -Puma B C Eschborn W Gel" O,e
Gesellschaft Schrlftenrelhe del"
GesellsChaft fur TeChnlSche
Zusammenarbelt In the series analytIC

• Na ural pestICides from the neem tree
ana othe~ tropical plants / comp led b¥
H Schmutterer and K R S Ascher
Proceedings of the 2nd Internat Neerr
Conference May 25-28 1983
Raulschholzhausen Federal Republ,c of
Gel"Many 1984 (161) P 403-412
Includes references (NAL Call No ONAL
HD1417 B8)

0193
Neem research In the Un,ted states
Department of Agriculture an Update
.Jacobson M Stokes u B -Warthen
v 0 vr -Redfern R E -Reed 0 K -Webb
R E -Telek L Eschborn W Ger Ole
Gesellschaft SChrlftenrelhe del"
Gese lschaft fur TechnlSche
ZusammenarOelt In the serles analytlc

0190
Neem 011 and neem extracts as potential
Insecticides for control of hem,pterous
rice pests
Heyde '" v d Saxena
R C -Schmutterer H Eschborn W Gel"

Ole Gesellscnaft SChrlftenrelhe del"
Gesellschaft fur Technlsche
Zusammenarbelt Ir the serleS analytlc
Natural pest,cldes from the neem tree
and ether troplcal plants / compl1ed by
~ SChmut+erer and K R 5 Ascher
Proceed n95 of the 2nd Internat Neem
Conference May 25-28 1983
Ral.l schholzhausen Federal Republ,c of
German; 1984 (161) P 377-390 ,11
Includes references (NAL Call No ONAL
H01417 B8)

0191
Heem 011 as a vaginal contraceptive
IIndla)
S,n~a K C R,a~ S S -Tlwa~y

R S -Ohawan A K -Bardhan v New Delhl
lnd,an Counc,l of MedIcal Research

The InOlar Journa of medlcal research
uan 1984 v 79 P 131-136 111
InclUdes references (NAL Call No
448 8 IN22)

0192
Heem research in the Federal RepUblic of
Germany since the First International
Neem Conference
Schmutterer H Eschborn W Ger O,e
Gesellschaft Schrlftenrelhe del"
Gesellschaft fur Technlsche
Zusammenarbe,t In the serles analytiC
Natural pestlcldes from the neem tree
and other troplcal plants / compiled by
H Schmutterer and K R S Ascher
Proceedlngs of the 2nd Intel"nat Neem
Conference May 25-28 1983
Raulschholzhausen Federal Republic of
Germany - L,terature revIew 1984
( 16 1) p 2 1- 30 111 Inc 1udes
references (NAL Cal, No ONAL
H01417 B8)

0188
...... kerns1 auspens ton as an OV t pos itton
deterrent to the desert locust
(Schistocerca greearta Forsk )
SIngh B Singh A P Far1dabad The
Directorate of 91ant Protection
Quarantine & Storage Plant protection
bullet,n 1987 V 39 (1/2) P 9-16
Includes references (NAL Call No ONAl
421 P69)

0189
Neem (Mel,a azadirachta) kernel
suspens10n protects nurseries (from)
Spodoptera l1tura)
~osh' E G Ramaprasad G New Oelh,
Ind,ar Councl1 of Agrlcultural Research
Ind,an farmlng Dec 1978 v 28 (9) p
17-18 111 (NAl Call No 22 IN283)

421 Z3S)references (NAL Call No

if
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Natural pestlcldes from the neem tree
and other tropIcal plants / compIled by
H Schmutterer and K R 5 Ascher
Proceedings of the 2nd Internat Neem
Conference May 25-28 1983
Raulschholzhausen Federal RepubllC of
Germany - Llterature reVlew 1984
(161) p 31-42 Includes references
(NAl Call No ONAl H01417 B8)

0194
Neem sed keNllll suspens 1on as an
antlfeedant for SpocIoptera litura tn a
planted flue-cured Vlrglnra tobacco Cf"Op
(Azadlrachta lndlca)
JoshI 8 G Ramaprasad G -Nageswara
Rao 5 Bet Dagan AgrIcultural
Research OrganIzatIon Phytoparasitlca
1984 v 12 (1) P 3-12 Includes
references (NAl Call No SB599 P53)

0195
Neem seed kernel extract as an lnhtbltor
of growth and fecunch ty t n SpocIopte!"a
1 lttoral lS
Ascher K R S Eliyahu M -Nemny
~ E -MeIsner J Eschbo~n W Ger
O,e Gese11schaft Schr,ftenrelhe der
Gesel1schaft fur Technlsche
Zusamme~arbelt i; the series analytiC
Natural pestlcides frorr the neem tree
and other trop'ca1 plants / comp,'ed by
H Schmutterer and K R 5 ASCher
Proceed,ngs of the 2nd Internat Neem
Conference May 25 28 1983
Rav,schho1zhausen Federal RepublIC of
Germany 1984 (161) p 331-344
InclUdes references (NAL Call No ONAL
HD1417 B8)

0196
Heem seed oll--a potentIal ant,feedant
agalnst Insect pests of !"lce
Saxena ~ C Oxford Oxfordsh,re
BlaCkwell SCiertific Publications 198­
Pestlcloe SCience ano biotechnolog~

proceeoings of the Sixth Internat,onal
Congress of PestiCide Chemistry held ln
Ottawa Canada 10-15 August 1986 /
edited by R Greenhalgh T R Roberts
p 139-144 Includes references (NAL
Cal I No DNAL S8951 1562 1986)

0197
Heem seed OIl a capable ingr-edlent to
check rlce moth r-eproductlon (Lepld
Galler"dae)
ZANEA Pathak P H Krishna S S
Hamburg W Ger Paul Parey
Ze tschrlft fur angewandte Entomologie
Jo~rnal of applIed entomolog) Aug 1985
v 100 (1) P 33-35 Includes
references (NAL Call No DNAl 421
Z36)

0191:
The neem tree
Larew H G Alexandria Va The
Amerlcan Horticultural Soc,ety American
hortIculturist Aug 1988 v 67 (8) P
24-27 i ,I (NAL Call No ONAL 80
1\216)

1"

st 8r

0199
The ...... tree (Azadtr.chta indtca). an
tnhtbitor of tnnct f..cltng and growth
G,lbert H Beltsville Md The
Llbrary Quick bibliography series ­
National Agricultural library May 1982
Bibliography May 1982 (82-10) 19 p
(NAL Call No .25071 N3)

0200
The neem t .... (Azadtrachta tndtca) an
tnhtbitor of tnsect feedIng and growth
Gilbert H BeltSVIlle Md The
Library ~ulck blbl~ography ser,es ­
Nat10nal Ag~'cultu~al Library (U 5 )
Updates QUIck B,bllography No 82-10­
Bibl,ography ~an 1986 (86-27) 27 p
(NAl Call No DNAl aZ5071 N3)

0201
Neem tree may be source of safe
lnsecttC1DeS (Azadlrachta tndlcata
tnsect-repellent qualtties of neem 011)
ManIla PhilipPines The Instltute The
IRRI reporter - Internatlonal Rice
Research Institute June 1982 June
1982 (2) p 1-3 ill (NAL Call No
59 9 IN86IR)

0202
The neem tree natural resistance par
excellence
ACSMC Jacobson M WashIngton 0 C
The Soclety ACS SympOSium ser,es ­
Amerlcan Chemical Soc,ety 1986 (296)
P 221-232 Includes 135 references
(NAL Call No ONAl 001 A45)

0203
Hearn trees in relatlon to locusts and
RaJasthan Canal
Srlvastava Y N Bhanotar R K
Muza~farnagar India Sanatan Oharm
College 1983 Inspct ecology and
resource manageme~t / S C Goe1 ed,tor
Paper presented at the SympOSlum on

Insect EC010g\ & Resource Management
OctOber 2-4 1982 Muzaffarnagar India
p 262-266 Includes 8 references (NAL
Call No DNAL OL461 159)

0204
"Neemrlch" The concept of enriched
fractIons from neem for behaVIoral and
phySiologIcal control of insects
Sharma R N Nagasampag,
B A -Bhosale A 5 -KulkarnI
M ~ -Tung,kar V 8 Eschborn W Ger
Die Gesellschaft Schriftenreihe der
Gese11schaft fur Technische
Zusammenarbeit In the serles analytIC
Natural peStiCides from the neem tree
and other tropical plants / compIled by
H Schmutterer and K R S ASCher
Proceed,ngs of the ~nd Internat Neem
Conference May 25-28 1983
Rauischholzhausen Federal RepubliC of
Germany 1984 (161) P 115-128
Includes references (NAL Call No DNAL
HD1417 B8)

0205
Nematlcidal prl nclples from neem
lAzadlrachta indica A ~uss) I
Screenlng of neem kernel fractlons
agaInst Meloldogyne Incognita
IJ~ED Devakumar C Goswam'
6 K -MukerJee 5 KNew De'h'
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0217
Phagodeterrent effe... t of
and azadlrachtln on flea
Phyllotreta str101ata (F
Indica Raphanus satlvuS
control)
Me,sner J ZPFSA M,tchell B K
Stuttgart IN Ger Eugen Ulmer
Ze,tschr,ft fur Pflanzenkrankhe,ten und
Pflanzenschutz = Journal of plant
dIseases and protectIon Aug/Sept 1982
v 89 (8/9) P 463-467 16 ref (NAL
Call No 464 8 23)

0214
Paralso (Mel,a uedarach val'" "Glgante")
woodlots an agroforestry alternatIve
for the small farmer In Paraguay
Evans P T Rombold J S The Hague
Mar~lnus NIJhof~/~ Junk Agroforestry
systems 1984 v 2 (3) P 199-124

'1 Includes references (NAL Call No
DNAL S0387 M8A3)

0216
Phagodeterreney of varIous fractions of
neem OIl agalnst Schlstocerea gregarla
F
Narayanan C R SIngh R P Bornaay
Colour Publlcat,ons Pest,c,des Nov
1978 v 12 \11) P 31-32 III 6 ref
(NAL Call No S8951 P43)

0218
Pheno11c tricyclIC d;terpenolds from the
bark of Azadlrachta indIca
PYTCA SIddIqUI SAra I -Falzl
S -Mahmood T -SIdClqu, B S Oxford
Pergamon Press Phytocherrlstry 1988 v
27 (2) p 3903-3907 Includes
references (NAL Call No DNAL 450
P5622)

0215
PestiCIdal actIon of neem and certain
,ndlgenous plants and weeds of
Bangladesh
Islam 8 N Eschborn W Gel'" o,e
Gesellschaft SChr1ftenre,he del'"
Gesellschaft fur TechnlSche
Zusammena~be't In the serIes analyt'c
Natural pest,c,des from the neem ~ree

and other trop,cal plants / complIed b,
H Schmutterer and K R S Ascher
ProceedIngs of the 2nd Internat Neem
Conference Wav 25-28 1983
Rau scnholzhausen Federal RepUblIC of
Ge~man~ 1984 (161) p 263-290
InCluoe c ~eferences (NAL Call No DNAL
HC'14 i Eel

0213
Orientation and oviposttional responses
of Hel toth1s ar'llligera to certatn MIllI1
constituents
Saxena K N Rembold H Eschborn W
Ger Ole Gesellscheft Schr1ftenre1he
der Gesellschaft fur Technische
2usammenarbei~ In the series analytic
Natural pest,cides from the neem t~ee

and other trop,cal plants / complIed by
H Schmutte~er and K R S Ascher
ProceedIngs of the 2nd Internat Neem
Conference May 25-28 1983
Raulschholzhausen Federal Republ,c of
Ge~manv 1984 (161) p 199-210 ,11
InclUdes references (NAL Call No ONAL
HD1417 B8)

Dr IN

Nov 1985
Includes

ONAL 421

5 P Bangalore
Assoclatlon

1982 v 51 (5)
(NAL Cell No

0212
Occurrence of weIght gain reductIon and
InhIbItIon of metamorphOSIS and storage
proteln formation In last larval instars
of the MeXIcan bean beetle Ep11achna
Varlvestls after InjectIon of
azadlrachtln
ETEAAT Schluter U Dord~echt

Junk Publ,sners Entomolog,a
exper,mental,s et appllcata
v 39 (2) p 191-195 III
references (NAL Cal No
EN895,

02 0
A note on the tOXICIty of neem
(Azadlrachta lnd,ca) seed cake In sheep
VIJJan V K Tr,pathl H C -Pa~1har

N S Muzaffarnagar IndIa The Academy
of Env,ronmental 81010gy Journal of
env,ronmental bIology Apr 1982 v 3
(2) p 47-52 Includes references (NAL
Call No QH540 J65)

0209
Non-terpenoldal constItuents from
Azadlrachta ;ndlCa
PLMEAA S1dd,quI S Mahmood
T -S,dd,qu' 8 S -Fa'Z1 S Stuttgart
W Ger Georg ThIeme Verlag Planta
medIca Oct 1988 v 54 (5) p 457-459
Includes references (NAL Call No DNAL
450 P697)

0207
NlIIlbldl01 a mocIiflad dlterpenold of the
root-bark of Azadlrachta indlca
PYTCA MaJumder P L Ma1tl
D C -Kreus W-Bokel M Oxford
Pergamon Press PhytOChemIstry 1987 v
26 (,1) P 3021-3023 InclUdes
references (NAL Call No DNAL 450
P5622)

0208
Non-hormonal post-coital contraceptive
action of neem OIl in rats
JETHDA PrakaSh A 0 Tewar,
R K -Mathur R L,merlck ElseVIer
SClent,f,c Publ,shers uournal of
ethno-pharmacology May/uune 1988 v 23
(1) P 53-59 ," InclUdes references
(NAL Call No oNAL RS160 u6)

0211
Note on the use of neem kernal of
dew-gram agaInst Amsacta moorel Butler
(Phaseolus aconlt,fol,US ~acq )
Sexena ReNew DelhI Indian Counc"
of Agr1cul+ural Research The IndIan
Journal of agrIcultural sCIences Jan
1982 v 52 (1) P 51-52 InclUdes 2
ref (NAL Call No 22 AG83I)

0206
A new species of Massarina Sace
(Azad;rachta indica)
Purohlt 0 K ~osh1

IndIa Current SClence
Current SClenee Mer 5
p 237-238 111 1 ref
~75 SC123)

Nematologlcel Society of India Indlan
Journal of nematology ~une 1985 v 15
(1) P 121-12~ Includes 8 references
(NAL Call No DNAL QL391 N~I5)



0219
Phoma jolyana a new patttos-n on nIlIIlIl
(Azadirachta indica)
IFORA8 S1ngh I Chohan ~ S Dehra
Dun N M Mls~a The IndIan foreste~

Oct 1984 v 110 (10) P 1058-1060
III Includes references (NAL Call No
DNAL 99 8 IN2)

0220
The physiologlcal effects of
azad,racht,n in the locust Locusta
m'grator,a
Mordue A ~ Evans K A Do~drech·

D~ ~ ~unk Serles entomologlca In the
serIes analytIC Insects-Plants / edlted
by V Labeyrle G Fabres and D
Lachdlse ProceedIngs of the 6th
Inte~natlonal SymposIum on Insect-Plant
Relatlonshlps (Pau 1986) 1987 v 41
P 43-48 InclUdes references (NAL Call
No DNAL OL461 54)

0221
PhytochemIcal screening of medicInal
plants for antldlabetlc agents
Chakrabartt~ i Podder G -Saha ~

Calcu·ta Botanlcal Lab of Pharmaco
Anatomy Calcutta Un,v Coll of 5cI
1985~ Proceeclngs of Natlonal

SymposIum on Applled BIoteChnology of
Medlc,nal Aromat,c and T,mber Vleldlng
Plants held on 12th & 13th ~anuary

1984 chlef edItor P C Datta p
370-380 rncludes references (NAL Call
Nc DNAL 58293 N37 1984)

0222
Phytochemlcal stUdy of Melia azedarach
L cultIvated in Egypt (Reported to have
InsectiCIdal and fungICIdal properties)
Hllal S H Haggag M Y -Fathy F I
Ca,ro NatIonal Informat,on and
DocumentatIon Centre EgyptIan Journal
of pharmaceutIcal sc,ences 1979 (pUb
198~) v 20 (1/4) P 345-351 Includes
23 ref (NAL Call No 396 8 ~826)

0223
Plperonyl butox,de SynergistIC effects
on dlfferent neem seed extraacts and
Influence on degradatlon of an enrIched
extract by ultra-vIolet lIght
Lange W Eschborn W Ger O,e
Gesellschaft Schrlftenre1he der
Gesellschaft fur iechnlsche
Zusammenarbelt In the serIes analytIC
Natural pestICIdes from the neem tree
and other tropIcal plants / complled by
H Schmutterer and K R S Ascher
P~oceed,ngs of the 2nd Internat Neem
Conference May 25-28 1983
Rau,schholzhausen Federal Republ,c of
German~ 1984 (161) P 129-140
Includes refe~ences (NAL Call No DNAL
HD1417 a8)

0224
PopUlatIon behaVIour of AphIS gOSSypll
Glov on cotton treated WIth certaIn
lnsect,cldes and neem oil
Su~ullvelu i Sundaramu~thy V i
COlmbato~e IndIa Centre for Plant
Protect,on Stud,es TamIl Nadu AgrlC
Unlvers,ty 1987? Resurgence of
suckIng pests proceeolngs of natlona,
svmpos1um I edIted by S ~aYdraJ P
150-154 Includes ~eferences (NAL Call
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No DNAL 58950 3 I4R47)

0225
Potato vtrus X tnhibitor froll~ leaf
extract (Azadirachta indica)
Sanger, R B 5 ,Dhlngre M K Simla
The ASSOclatlon JIPA Journal of the
Ind,an Potato ASSOCIatIon June/Dec 1982
(pUb JUly 1983) v 9 (2/4) P 143-149
InclUdes references (NAL Call No
SB211 PaI56)

0226
Potential IIOlluscicides from same
tannin-containing plants g~ing in the
SUdan
FTRPA Hussein AyOUb S M Yankov
L K MIlano Invernl della Beffa
F1toterap,a 1985 v 56 (6) p
371-373 InclUdes references (NAL Call
No DNAL 450 F55)

0227
Potential of azadirachtin-conta,ning
pesticides for integrated pest control
in developing and u'ldUstrlallzed
countries
yIPHA Schmutterer H Devon Pergamon
Press ~ournal of Insect phySiology
Papers presented at the ·VIII ECdysone
workShOp on ECdysone From Blosyntnes1S
to Mode of ActIon· March 30-Aprll 2
1987 Marburg Federal Republ,c of
Germany 1988 v 34 (7) P 713-719
III InclUdes references (NAL Call No
DNAL 421 ~825)

0228
PotentIal of the neem tree (Azad,rachta
IndIca) for pest control and rural
development
ECBOA Ahmed S Gralnge M Bronx
N Y New Vo~k BotanIcal Garden
EconomIc botany Apr/~une 1986 v 40
(2) P 201-209 Includes references
(NAL Call No DNAL 450 EC7)

0229
Recent research findIngs on Mellaceae
and other promiSIng botanIcal
insecticides 1n ChIna
ZPFSA Chlu 5 F Stuttgart W Ger
Eugen Ulmer Zeltschr1ft fur
Pflanzenkrankhelten und Pflanzenschutz ~

yournal of plant dIseases and
protect,on ~une 1985 v 92 (3) p
310-319 InclUdes references (NAL Call
No DNAL 464 8 Z3)

0230
ReductIon of tungro virus transmiSSIon
by Nephotettix virescens (Homoptera
Clcadellldae) in neem cake-treated rice
seedlIngs
yEENAI Saxena R C Khan Z R -BaJet
N B College Park Md EntomologIcal
SocIety of AmerIca uournal of econom,c
entomology Oct 1987 v 80 (5) P
1079-1082 Includes references (NAL
Call No DNAL 421 ~822)

0231
Regeneration of plant lets from stem
tIssue of Azadlrachta IndIca ~uss

~alswal V 5 Narayan P Calcutta
BotanIcal Lab of Pharmaco Anatomy
Calcutta UnlV Coll of SCI 1985?
Proceedlnqs of NatIonal SymposIum on



fib

Applied Biotechnology of Medicinal
Aromatic and Timber V181ding Plants
held on 12th & 13th January 1984 chief
editor P C Datta p 132-136 111
Includes references (NAL Call No DNAL
5B293 N37 1984)

0232
Regeneration ~ plMtlets from 'the
somatic tissue Of SOllIe Indlan trees
Jalswal V 5 Narayan P Jodhpur
India Dept of Botany un1verslty of
Jodhpur 1983 Advancing frontlers plant
SClences 1983 symposium proceedlngs /
Natlonal Symposlum on Advanc1ng
Frontiers of Plant Sciences uodhpur
November 26-30 1983 edlted by H C
Arya et al p 138-139 Includes
5 references (NAL Call NO DNAL
OK1 N3293 1983)

0233
Relative efficacy of fenval8rate
quinalphos ancl neem kernel extracts for
the control of pod fly Melanagromyza
Obtusa (Ma 11 och) and pod borer
He1 i oth i s arnll gera Hubner i nfest i ng red
gram CaJanus cajan (L ) Mlllsp
together wi th thel r resic:lues
0ERED SrlvastaVg K P Agnihotrl
N P -GaJbihye V T -Jain H K New DeIhl

Malhotra PubliShing House uournal of
entomologlcal research uune 1984 v 8
(1) P 1-4 Includes references (NAL
Call No DNAL OL483 I4J6)

0234
Relative efflciency of prllled urea
urea supergranules (USG) and USG coated
wlth neem cake or DeO for dlrect-seeded
rIce
vASIAB Sudhakara K Prasad R
Cambrldge Cambrldge UnlverSlty Press
The Journal of agrlcultural SClence Feb
1986 v 106 (pt 1) p 185-190
Includes references (NAL Call No DNAL
10 J822)

0235
Repellent and growth-lnhibitlng effects
of turmerlc oil sweetflag 011 neem
oil and "Margosan-O" on red flour
beetle (Coleoptera Tenebr,on,dae)
vEENAI vl1anl G Saxena R C -Rueda
a P College Park Md Entomologlcal
Soclety of Amerlca 00urnal of economlC
entomology Aug 1985 v 81 (4) P
1226-1230 Includes references (NAL
Call No DNAL 421 JS22)

0236
Reproduct1ve efficlency in Earias fabla
Stoll (LepIdoptera Noctu,dae) affected
by neem 0 i1 vapour
APEZA~ Pathak P H Krlshna S S
TOkyo vapanese Soc,et 0& Appl,ed
Entomology and Zoology Applled
entomology and zoology May 1986 v 21
(2) P 347-34S Includes references
(NAL Call No DNAL SB599 A6)

0237
The res H:lua 1 effect of a neem seed
kernel extract sprayed on fodder beet
against larvae of Spodoptera littoral,s
(Egypt,an cotton leafworm Azadlrachta
lndlca)
~elsner J Asc~er K ~ S -Zur M Bet

Dagan Agricultural Research
Organization Phytoparas1t1ca 1983 v
11 (1) PSi-54 InclUdes references
(NAL Call No SB599 P53)

0238
Response of c ••sava to potassic
fertilization in presence of urea
blencled with neem (Azadtrachta indica)
cake
Tharnpatti K C M Padmaja P Gurgaon
Haryana Indla Potash Research
Institute of Indla ~ournal of potassium
research Sept 1987 v 3 (3) P
115-121 Includes references (NAL Call
No DNAL 5645 ~68)

0239
Response of certaln forest tree species
'to vary I ng pH 1eve1s under pot cu1ture
Chaturvedl A N Bhat D N -S1ngh
UN-Gupta N N Dehra Dun Soclety of
Ind,an Foresters Van vlgyan c Journal
of the Society of Indlan Foresters
Sept/Dec 1985 v 23 (3/4) P 79-84
Includes references (NAL Call No DNAL
99 9 50126)

0240
Response of Earlas lnsulana Botsd
larvae (pest of 4::otton) to Neem
(Azadirachta IndIca A ~uss) kernel
extract (Insecticides)
MeIsner v Kehat M Bet Dagan
Agrlcultural Research OrganIzatIon
Phytoparasltlca 1975 v 6 (2) p
85-Sa 111 14 ref (NAL Call No
58599 P53)

0241
Response of the larvae and pupae of the
or,ental rat flea (Siphonaptera
Pu1lCldae) to chemlcals of different
chemi ca1 types
vEENAI ChamberlaIn W F MacleJewska
J -Matter J J College Park Md
Entomologlcal Soclety of Amerlca
vournal of economlC entomology Oct
1985 v 81 (5) p 1420-1425 InclUdes
references (NAL Call No DNAL 421
u822)
Tests with 31 dlfferent compoundS
representlng six chemIcal groups plus a
mlscellaneous group agaInst larvae of
the orlental rat flea Xenopsylla
cheop's (Rothsch11d) were used to
defIne tOX1C actlon as indIcated by the
ratIo of C (LC for larvae) dlVlded by A
(LC for pupae) An lnsect growth
regulator (IGR) was dlstinguished by a
hlgh pupal-to- larval mort8l1ty ratio
1 e when the CiA was < 2 the compound
was not act1ve as an IGR but when the
C/~ was> 4 the compound acted as an
IG~ The most actlve compound was a
doaecadlenoate S-methoprene (1sopropyl
(2E 4E)-11-methoxy-3 7 11-trlmethyl-2 4­
-dodecadlenoate (S)) whIch had an LC50
of 0 00011 ppm WIth the addltlon of the
R lsomer the Le50 doubled but most
strlklngly the ciA increased from 6 to
137 Two of the three diphenylureas
acted as IGRs whereas the thlrd
dlflubenzuron acted as a larval
tox1cant probably because of the
actlvlty on the moult from the second to
thIrd lnstar All compounds tested were
more tOX1C to the orIental rat flea than

20
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S Bhakun, D S
Pergamon Press

1984 v 23 (10) p
Includes 8 references

DNAL 450 P5622)

Balasundaran
\II Ger Paul

of forest
16 (5/6) p

references (NAL

methoxyChlor and 80% were more active
then cerbaryl Each compound exhibited a
d,stinct,ve slope Azadiracht,n (S NEEM)
showed an extremely flat slope wh,le
the slope for phenthoate was very steep

0242
Results of f1eld tr1als to control
COIIIIIOn 1nsect pests of ok..a Hibiscus
esculentus L in Togo by appl1ca-tion of
crude methanollc extracts of leaves and
seed kerne1s of the neem tree
Azad 1raChta i nclt ca A "uss
ZANEA Adhikary S Hamburg W Ger
Paul Parey Ze,tschrlft fur angewendte
Entomologle = ~ournal of appl,ed
entomology Nov 1984 v 98 (4) p
:2--331 Includes references (NAL Call
No DNAL 421 Z36)

0243
Results of field tr1als to control the
d'amond-back moth Plutella xylostella
~ by app11catlon of crude methanollc
extracts and aqueous suspenS10ns of seed
kernels and leaves of neem Azad1rachta
1nd,ca A ~uss in Togo
ZANEA Ad~'ka~y S Hamburg W Ger
Paul Parey Ze,tschr,ft fur engewandte
Entomolog,e = Jou~nal of applled
entomologv Aug 1985 v 100 (1) P
27 33 Incluaes references (NAL Call
No DNAL 421 Z36)

024<1
A revIew of neem research 1n IndIa 1n
relatIon to 1nsects
Jotwan, M G SrIvastava K P
Eschborn W Ge~ D,e Gesellschaft
SChrlftenrelhe der GesellsChaft fur
Techn,scMe Zusammenarbe,t In the ser,es
analy·,c Na·ural pestlc,des from the
neem tree and other trop,cal plants /
comp,led b\ H Schmutterer and K R S
Ascner Proceed,ngs of the 2nd Internat
Nee~ Conference May 25-28 1983
Rau,schholzhausen Feoeral Republ,c of
German~ - L,terature rev,ew 1984
(16) P 43-56 ,1' InclUdes
references (NAL Call No DNAL
HD1417 B8)

0245
Salanno11de a mel,ac,n from Azadlrachta
1nd,ca
PYTCA Garg H
Oxford Eng
Phytochem,st"'y
2383-2385 ,11
(NAL Call Nc

0246
Screen,ng Azadlrachta ,ndlca and P,sum
satlvum for POSSIble antImalarIal
act,vlt1es
JETHOA AOa~an M 0 Mak nde ~ J
Llmer'Ck Elsev,er SClent,f,c
PUbl,shers Journal of
ethno-pharmacology July 1986 v 17
11) P 85 93 Includes references (NAL
Call No ONAL RS16C J6)

024~

Secondary plant products ,n ,nse~t

control WIth spec,al referen:e to the
azad, racht Ins
ke~bclC H Am5terda~ Else~ 3r Sc,ence
Pub tOvances,n Inve~Tebrat~

reproduct1on Paper presented at the
Third International Symposium on
-Advances in Invertebrate ReprOduction I

August 22-27 1983 Tubingen 1984 v
3 p 481-491 ,11 InclUdes 14
references (NAL Call No DNAL
O~362 A4)

0248
Secondary plant products in t nsect
control with spec,.l reference to the
azad1 rachttns
Rembold H Amsterdam Elsevler SCIence
PUblIshers 1984 Advances In
lnvertebrate reproductIon 3
proceed,ngs 3rd Internat,onal
SymposIum Internat,onel Soclety of
Invertebrate Reproductlon Tub,ngen
Federal Republ,c of Germany 22-27
August 1983 I edlto p 481-491 ,11
InclUdes 14 references (NAL Call No
DNAL OL364 15 157 1983)

0249
Seed extract shows prom,se in leafmlner
control
CAGRA Ste,n U Parrella M P
Berkeley The StatIon Callforn,a
agrlculture - Callforn,a Agrlcultu"'al
Experlment Statlon ~uly/Aug 1985 v 39
(7/8) P 19-20 "ll (NAL Call No
D~AL 100 C12CAG)

0250
Seedl,ng d,seases of Azad1rachta IndIca
1n Kerala Ind,a
EJFPA Sankaran K V
M -Sharma J K Hamburg
Parey Eurooean Journal
petholog~ Oct 1986 v
324-328 ,11 Includes
Ca 1 No ONAL S01 E8)

0251
A Slmp11f,ed Is01at,on procedure for
azadlracht,n
JNPRDF Schroeder 0 R Nakanlshl K
Plttsburgh Pa Amerlcan SocIety of
Pharmacognosy end the Lloyd LIbrary and
Museum Journal of natural products
Mar/Apr 1987 v 50 (2) P 241-244
InclUdes references (NAL Call No DNAL
442 8 L77)

0252
Some neurophysiologIcal effects of
azadlracht,n on lep1dopterous larvae and
theIr feed1ng response
Slmmonds M S J Blaney \II M Eschborn

\II Ger Ole Gesellschaft
Schrlftenre,he der Gesellschaft fur
TechnlSChe Zusammenarbe,t In the serIes
a~alytlc Natural pest,cldes from the
neem tree and other troplcal plants /
co~p'led bj H SChmvt~erer and K R S
Ascher Proceedlngs of the 2nd In~erna~

Neem Conference May 25 28 1983
Raulschholzhausen Federal Republ,c of
Germany 1984 (161) p 163-180
Includes references (NAL Call No DNAL
H01417 B8)

0253
Some prom1s'ng plant spec,es for use as
pest control agents under trad,t,onal
farmIng systems
Ahmed S Gra,nge M -Hvlln
u ~ -MItchell \II C -L,~s,nger J A
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Eschbo~n W Ger D1. G••el'.chaft
Schr1ften~elhe der Ge.ellschaft fur
Technlsche Zusem~na~belt In the series
analytic Nat~~al pesticIdes from the
neem tree and other t~opical plants /
compiled by H SchmOtterer and K R S
Ascher ProceedIngs of the 2nd Internat
Neem Conference May 25~28 1983
Raulschholzhausen Federal Republ,c of
Ge~many 1984 (161) p 565-580
Includes references (NAL Call No ONAL
HDi417 B8)

0254
Some sel"'Ulll enzyne levels as marks of
possible acute effects of the aqueous
extract of Azadirachta indica on
..cranes in y i YO
FTRPA Obaseki A 0 Adey'
o -Anyabulke C Milano Inverni della
Beffa Fltoterapla 1985 (2) P
111-115 InclUdes references (NAl Call
No DNAl 450 F55)

0255
Spat1al and temporal d1stributlon of
nItrogen 1n II puddled rIce SOIl
follo~lng appl1cat10n of urea-based
fert,11zers by d1fferent methods
BFSOEE Panda C Sen H S -Patnalk
S BerlIn Sprlnger InternatIonal
B1olog~ and fertll1ty of SOIls Mar
1988 v 6 (1) p 89-92 InclUdes
references (NAl Call No DNAl
OH84 8 B46)

0256
Structural damages caused by neem 1n
Epllachlna var1vest,s A summary of
hIstologIcal and Ultrastructural data
II TIssues affected In adults
Schulz W 0 Schluter U Eschborn W
Ger O,e Gesellschaft Schrlftenre1he
der Gesellschaft fur Techn1sche
ZUbammenarbe1t In the serles analytlc
Natural pestlc10es &rom the neem tree
ano other troOlcal plants / complled cy
H Schmutterer and K R S Ascher
Proceedlngs of the 2nd Internat Neem
Conference May 25-28 1983
Raulschholzhausen Federal Republlc of
Germany i984 (16") P 23~-252 111
Includes references (NAl Call No DNAl
H014i7 BB)

0257
Structural damages caused by neem in
Epllachna var,vest,s A summary of
histologIcal and Ultrastructural data
I Tissues affected in larvae
Schluter U SChulz W 0 Eschborn W
Ger Ole Gesellschaft Schrlftenrelhe
der Gesellschaft fur Technlsche
ZusaMmenarbelt In the serIes analyt1c
Natural pest,cldes from the neem tree
and othe~ troplcal plants / comp1led by
H Schmutterer a~d K R S Ascher
Proceedlngs of the 2nd Internat Neem
COnference May 25-28 1983
Raulschholzhausen Feoeral Republ1c of
Germa"y 1984 (161) p 227-236 III
Incluoes re&erences (NAl Call No DNAl
HD1417 B8)

0258
Structure-activity stUdies of acridone
feed1ng deterrents
Hassanali A Lwande W -Gebreyesus
T Eschborn W Ger O,e
Gesellschaft Schriftenrelhe der
Gesellschaft fur Technlsche
Zusammenarbelt In the series analytlC
Natural pestlcldes from the neem tree
and other troplcal plants / compiled by
H Schmutterer and K R S Ascher
ProceedIngs of the 2nd Internat Neem
Conference May 25-28 1983
Raulschholzhausen Federal RepublIC of
Germany 1984 (161) P 75-80 111
Includes references (NAl Call No DNAl
HD1417 BB)

0259
Structure and development of fru1t wall
1n some members of Geran1ales
BIOVD Gupta A K Govl1 C M Pune
Meharashtra Assoclatlon for the
Cult,vatlon of SC1ence Blovlgyanam Mar
1985 v 11 (i) P 33-39 111 Includes
references (NAl Call No DNAl
OH301 B595)

0260
Structure-b10actlvlty relatIonshIps of
azadlrachtln a potent1al insect control
agent
JAFCAU Yamasak, R B Klocke J A
Washlngton D C Amer1can Chemlcal
Soclety Journal of agr1cultural and
food chemls+r~ JUly/Aug 19B7 v 35
(4) ~ 467-471 Includes references
(NA~ Call No DN~l 381 J8223)

02€
The structure of 1-clnnamoylmel1anolone
a new lnsect,cldal tetranortriterpenold
from Mel,a azedarach L (Meliaceae)
~:~:~y ~ee 5 W Klocke
~ ~ -8a12ndr,~ ~ ~ Oxford Pergamon
P e~~ Tetraheo-o~ letters 1987 v 2E
(31/ P 3543-3546 Includes references
(NAL Call No DNA~ 385 T291

0262
StUdIes 1n the chemIcal constItuents of
Azadlrachta ind,ca II IsolatIon and
structure of the new trlterpenold
azadlrachtol
PlMEAA S1ddlQUl S S1ddlQUl
B S -Fa1Zl S Stuttgart W Ger
Th,eme Stratton Planta med,ca = Journal
of med1clnal plant research Dec 1985
(6) p 478-480 Includes 14 references
(NAl Call No DNAl 450 P697)

0263
StudIes on chemIcal cOmposit10n of neem
cake and re1ease of ammon I a f rom neem
coated urea
IvOSA S1nghal K K Mudgal V D New
Delh1 Ind1an Da,ry Assoclat,on The
IndIan Jour~al of dalry sc,ence Sept
1984 v 37 (3) p 285-287 InclUdes
references (NAl Call No DNAl 44 8
IN28 )

0264
StudIes on mlnerallsat10n of neem and
SUlphur coated and N (n1trogen)-serve
treated urea
Thomas J FENEA Prasad R New Delhi

Fertl1,ser Assoclatlon of Indla

BEST AVAILABLE COpy



0277
SurveyIng the chemlcal constituents of
the neem leaf by two-dlmens,onal
thln-layer chromatography
T,rlmanna A S L ESChborn W Ger
DIe Gesellschaft Schr,ftenre,he der
Gesel1schaft fur TechnlSche
Zusammenaroelt In the ser,es analyt,c
Natural pest,c,des 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
Raulschholzhausen Federal Republ,c of
Germa""ll 1984 (161) p 67-74 III
InclUdes references (NAL Call No DNAL
HD1417 B8)

0274
SUltabll,ty of neem cake as an add,t,ve
ln earthworm feed and ltS influence on
the establlshment of mlcroflora
Kale R 0 Bano K -V,nayak
K -BagyaraJ 0 J Banga10re IndIan
SocIety of SOIl BIology and Ecology
Dept of Entomology Unlv of Agr,c SCI
Jou~nal of SOIl bIology & ecology Sept
1986 v 6 (2) p 98 103 InclUdes
references (NAL Call No ONAL
OLll0 v62)

0276
SuppressIve effects of azadlrachtin on
spermIogenesIs of the dlapauSlng cabbage
armyworm Mamestra brassicae In vItro
ETEAAT Sr'~IZu T Dordrecht Or W
vunk Publ,shers Entomolog,a
experImental,s et app11cata Feb 1988
v 46 (2) p 19~-199 Inc1uoes
referenceE (NAl Call No DNAl421
EN895)

0275
Sulfurous compounds from Azad,rachta
,ndlca leaves
FTRPA Pant N Garg
H S -Madhusudanan K P -Bhakunl D S
MIlano Invernl della Beffa
F'toterap,a 1986 v 57 (4) P
302-304 Includes references (NAL Call
No DNAl 450 F55)

28-31 InclUdes references (NAL Cell
No 56111 A2T74)

0273
Suggestlon for planting "neem trees"
Azadlrachta lndlca (syn Mella lndica)
along WIth-RaJ Canal (Ind,a)
SrIvastava Y N Bhenotar R K
vOdnpu r The Soc,ety Transact,ons of
Ind,an Soclety of Oese~t TeChnology and
Unlve~slty Centre of Dese~t StudIes Jan
1982 v 7 (1) p 56-59 8 ref (NAl
Call No 5612 149)

0272
SUb-acute dermal toxicity of
Neemrich-100 \tech ) to rats
IPCLB Oad~i 5 S H Usha G -vabeen
K London McDonald Publ,catlons
InternatIonal pest control van/Feb
1984 v 26 (1) p 18-20 III Includes
~efe~ence5 (NAL Call No DNAL 79 8
P432)

513

Rao R Bangalo~e

SectIon Blndlan Academy
Oct 1978 v 87 (10) P

16 ref (NAL Call No

0270
StUdIes on the structure of
polysaCcharIdes from the bark of Mella
azad,rachta
FUjIwara T CP8TA Takeca T -Oglhara
Y -ShImIZU M -Nomu~a T Tokyo
Pnarmaceutlcal Soc,ety of Japan
Chem,ca & pharmaceutIcal bulletIn Nov
1982 \ 30 (11) p 4025-4030 Includes
re"erences (NAL Ca,l No RMl C5)

0267
Stud,es on plant gums III IsolatIon &
characterIzatIon of a glycopept'de from
neem IAZadlrachta IndIca) gum after
pronase dIgestIon
NayaK B R Pattablraman T N Ne~

Delh CounCIl of Sc,entlf,c and
Inaustrlal Research IndIan Jou~na1 of
b,oChem,str, and bIOphySICS Dec 1978
v 15 (6) P 449 455 ,11 21 ~e" (NAl
Call Nc OP501 148)

0269
Stud,es on the resIn glandS of
Azadlrachta IndIca A ~uss (Mel,aceae)
~NBOA4 Inamda r J A SubramanIan
R B -MOhan J S S London AcademIC
Press Annals of botan, Sept 198~ v
58 (3) p 425-429 III InclUdes
references (NAl Call No DNAL 450
AN7)

0266
StudIes on plant gums Isolat,on and
characte~lsat,on of the major
polysaCCharIde from neem (Azad,rachta
IndIca) gum
Navak B R
ProceedIngs
0" SCIences
261 269 ,11
If\255)

Fe~tll,se~ news Oct 1982 v 27 (10)
P 39-43 ,11 17 ~ef (NAL Call No
57 8 F4123)

0271
StUdIes on the use of neem kernel ,n the
cont~ol of stored cowpea beetle
(Callosobruchus maculatus F )
Sowunml 0 E Aklnnusl C A Ibadan
N ge~la Irternatlonal Gra,r Legume
Tn~ormat'on Centre TropIcal gra,n
legume culletlr 1983 1983 (27) p

0268
StUdIes on the comparatIve efflcacy of
certaIn graIn protectants agaInst
Sltotroga cerea1ella OlIVIer
BUGTA Verma S P SIngh B -SIngh
\ P Hapur FOodgraln Technolog,sts
ResearCh ASSOCIatIon of IndIa Bu'let,n
of graIn technologv Apr 1983 v 21
(1) P 37-42 Includes 9 references
INAL Call No DNAL TS2120 B81

0265
Stud,es on plant gums cha~actert$at,on

of neem (Azadlrachta ,ndlca) gum
protease as a glycoproteln
Navak B R Pattab,~aman T N Oxfo~d

Blackwell Sc,entlflc PUblIcatIons
vou~nal of the SCIence of food and
agr'culture Mar 1982 v 33 (3) p
263-268 111 InclUdes 28 ~ef (NAL Call
No 382 5012)
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0289
The tr-ee of paradIse
Gambee E 8 Concord Herb SocIety
Amer,ca The Herbarlst 1986 (52)
7-13 ,11 Includes 11 references
Call No ONAL 80 H41)

0288
TOXICIty stUdIes on nlmbldln a
potentIal antIulcer dr-ug (Major bItter
prInCIple of Azadlrachta ,ndlca)
P,llal N R Santhakumarl G
Stuttgart W Ger H,ppokrates P1anta
meOlca = Journal of medICInal plant
~esearch Apr 1984 v 50 (2) P
146-148 Jncludes references (NAL Call
No 450 P697)

0287
TOXICIty of neem (Azadlracta IndIca)
seed kernel extr-acts prepa..-ed WIth
dIfferent solvents on the spider
Chlracanthlum ml1de,
PHPRA2 Mansour F A Aschr
K R S -Omarl N 8et Dagan
AgrICUltural Research organIzatIon
Phytoparasltlca 1986 v 14 (1) P
73-76 InclUdes 16 references (NAL Call
No DNAL S8599 P53)

0286
The toxIcIty of Azadir-achta IndIca
leaves In goats and gUInea pIgs
VHTOO Al, 8 H Manhattan Ken
AmerIcan Academy of VeterInary and
ComparatIve TOXIcology VeterInary and
human tOXIcology Feb 1987 v 29 (1)
p 16-19 Includes references (NAL Call
No DNAL SF601 A47)

0291
Ultrastructur-e and hIstochemIstry of
traumatIc gum ducts In the wood of
Azadlrachta IndIca A Juss (InductIon by
mechanIcal 1nJur-y)
Na,r M N e IAWA8 Shah
u J -Subramanyam S V Lelden
I~te~nat,onal ASSOCIatIon of Wood
AnatomIsts IAWA bulletIn new serIes
198: v 4 (2/3) p 103-112 III
IncludeE references (NAL Call No

0290
Two new tetranortrlterpenolds from
Azadlrachta indIca
JNPRO~ S,ddlqU' S Mahmood
T -SIddIqUI B S -Falzl S CInCInnatI
OhIO AmerIcan SocIety of Pharmacognosy
and the Lloyd L,brary and Museum
Jou~nal of natural products Nov/Dec
1986 v 49 (6) P 1068-1073 Includes
references (NAL Call No DNAL 442 8
L77)

0285
Toxicity joint action and mean time of
mor-talityof dlpel 2X avermectin B1
neem and thUringlensin against beet
a~ywor-ms (Lepidoptera Noctuidae)
JEENAI Moar W J Trumble J T
College Park Md Entomolog,ca1
SocIety of AmerIca ~ournel of econom,c
entomology ~une 1987 v 80 (3) P
58S-592 InclUdes references (NAL Call
No DNAL 421 uB22)

p 531-534 ill 11 ref (NAL Call No
450 P5622)

Pergamon
28 (1)

(NAL

~ergamon

v 2:< (:2)

the frUIt
to

028'::
TOXIC tetranor-trlterpenes of
of Mel,a azedarach (TOXICIty
lIvestock and humans)
OelrIChS P B PYTCA HIll
W W -Vallely P J -MacLeoc
J K -Mollnskl T F Oxford
P~ess PhVl0Cherrls+ry 1983

02e~

Tetranortrlterpenolds from Azadlrachta
IndIca
PYTCA ROJatkar S R Bhat
V S -KulkarnI M M -JOShl
V S -Nagasampagl B A Oxford
Press PhytochemIstry 1989 v
p 203-205 InclUdes references
Call No DNAL 450 P5622)

0283
TIssue cultur-e of Azadlrachta IndIca
Schulz F A Eschborn W Ger Ole
Gesellschaft Schrlftenrelhe der
Gesellschaft fur Technlsche
Zusammenaroelt .n the serIes analyt,c
Natural pestlcldes from the neem tree
and other tropIcal plants / compIled by
M Schmutterer and K P S Ascher
ProceedIngs of the 2nd Internat Neem
Conference Mav 25-28 1983
Raulschh~lzhausen Federal RepublIC of
Germany 1984 (161) P 539-541 III
Includes references (NAL Call No DNAL
HD1417 B8)

028
Tetracycllc trlterpenolds and theIr
der,vat,ves fr-om Azad,rachta IndIca
JNPRDF S,odlquI S S1ddlqU
B S -Falz, S -Mahmood T PIttsburgh
Pa AmerIcan SocIety of Pharmacognosy
ana the Lloyd LIbrary and Museum
Journal of natural prOducts Jan/Feb
1988 v 5 (1) P 30-43 Includes
refe~ences (NAL Call No DNAL 442 8
L77)

0279
SynthesIs of a hydr-oxy dlhydr-ofuran
acetal ..-elated to azadirachtln a potent
Insect antlfeedant
TELEAY Ley S V Santaf,anos
D -Blaney W M -SImmonds M S J Oxford

Pergamon Press Tetrahedron letters
198- ~ 28 (2) P 221-224 Includes
references (NAL Call No DNA~ 385
T29)

0280
Ter-penolds fr-om the stem bark of
Azadlrachta IndIca
PYTCA Ara I S,dd,quI B S -Fal%1
S -S,ddlqUl S Oxford Pergamon Press
PhytOChemIstry 1988 v 27 (6) P
1801 18001: Includes references (NAL
Call No DNAL 450 P5622)

0278
Sweetpotato wh i tef 1y (HoIIlopter-a
Aleyr-odidae) effects of neem-seed
extr-act on oViposItIon and immatur-e
stages
EVETEX Coudrlet D L Prabhaker
N -Meyerd,rk D E College Park Md
Entomolog,cal Soc,ety of Amer,ca
Env,ronmental entomology Dec 1985 v
14 (6) p 776 779 Includes references
(NAL Call No DNAL OL461 E532)

:;>4 BfST AVAILABLE CO~(



0300
Wood anatomy and heartwood formatIon In
neem (Azadlrachta IndIca A ~uss )
BuLSAF Na,r M N B London Academ1c
Press BotanIcal Journal of the llnnean
SocIety May 198B v 97 (1) P 79-90
III InclUdes references (NAl Call No
DNAl 451 l64J)

0301
2' 3'-dehydrosalannol a
tetranortrlterpenold f~om Azadlrachta
IndIca leaves
PYTCA Garg H S Bhakun, D S
Oxford Eng Pergamon Press
Phytochem stry 1985 v 24 (4) P
866-867 Includes 3 references (NAl
Call No DNAL 450 P5622)

0302
7-Deacetyl-17beta-hydroxyazadlradlone a
new llmonold Insect growth Inhlb,tor
from Azadlrachta IndIca
PYTCA lee S M Olsen
J I -SchweIzer M P -KlOCke J A Oxford

Pergamon Press Phytocherr1stry 1988
\ 27 (9) P 2773-2775 InclUdes
references (NAl Cal, No DNAL. 450
P5622)

0299
Which insect pests can be controlled by
application of neem seed ke~nel extracts
unde~ fIe' d conch t ions"
ZANEA Schmutterer H Hamburg W Ger

Paul Parey Zeltschrlft fur angewandte
Entomologie = Jou~nal of applIed
entomology Dec 1985 v 100 (5) P
468-475 InclUdes references (NAL Call
No DNAL 421 Z36)

10
P 323-326
(NAL Call No

1983 v 101 (pt 2)
Includes references
J822)

QK647 12)

0295
UtIlIzatIon of neem (Azadlrachta IndIca
JUss ) and Its bye-products (Slcl
report of the ModIfIed Neem Cake
ManurIal Project 1969-1976 / by C M
Ketkar
Ke1:Ka~ C W 1928 Bo",oa\ IndIa
~1reC1:C~ate O· Non-ed,Ole 0 IS ana Soa~

Inoustr\ Khae' & Vl11age Industr1es
Comm,ss,o,", (1976~) x 234 P ,11
28 em .ncludes b1bl,ographles (NAl
Call Nc SE317 M34K4 1976)

0294
The use of water-washed neem
tAzadlrachta Ind,ca) seed kernel Cake In
the feedIng of buffalo calves
JAS.AB Ag~awal D K Garg A K -Nath
K Camo~lage Cambr1dge un,vers1·\
Press The Journdl Of aor,cultural
SClence Apr 1987 v 10e (pt 2) p
49--499 Includes ~eferences (NAl Call
No DNAl 10 w822J

0293
Use of folIar-applIed neem (Azadlrachta
IndIca A ~uss ) seed extract fOr the
control of the bIrch leafmlner Fenusa
pusIlla (Lepeletler)
(Hymenoptera Tenthredlnldae)
lare~ ~ G Knooel W J -Marlon D ~

Wash1ngtor D C Hortlcultural
Resea~ch Inst,tute Journal of
env ronmental hortIculture Mar 1987 v
5 (1) ~ 17-19 Includes references
(NAl Call No DNAl SB1 J66)

0292
Ultrastructure of ray parenchyma cells
In the wood of Mella azedarach L
(Mel I aceae)
WOSTBE Pandalal R C Nalr
G M -Snan w w Secaucus N J
Sprlnger-Verlag New York Inc Wood
SClence and technology 1985 v 19 (3)
p 201-209 III Includes references
(NAL Call No DNAL SD433 A1W6)

..

0296
Varlat,ons In the cotyledonary node of
Azadlrachta IndIca A ~uss

ABOIE Bansal S PIlla, A Meerut
Ino,a Soc ety for Aavancement of
Botanv Acta bota r 1ca Ind,ca June 1986
v 14 1) P 54 56 11 1 I nc 1udes
references (NAl Cal, No ONAL
OK 1 A28)

0297
VersatIle neem (Azadlrachta IndIca) --a
revIew
S,nghal K K Muogal v 0 Karnal
The Centre Agr1cultura rev,ews­
~grlCvltural ResearCh Commun1cat,on
Centre uune 1983 L1teratu r e reV1ew v
<I (1) P 1 10 Incluaes references
INA~ Call No 5542 J4A4)

0298
Water-washed neem (Azadlrachta IndIca
JUSS) seed ke~ne1 cake as a cattle feed
<D,gest,b,llty feed COmpOSItIon
l1vewe'ght gaIns nutrItIon IndIa)
NaTh K RSJagopal S -Gsrg A K
Como~loge Camb~1oge Un1ve~s ,ty Press
The JOv~~al 0' sgr'cultu~a SC1ence OC1:



132
131
27 54

41
J 82

Devakumar C 205
Dhingra M K 225
Dixit V P 70
Dorn A 58 90
Dreyer PI 86
Dubey R C 106
Dw1ved1 R S 106
ECBOA 228
Ehhammer B -Kraus W 170
EJFPA 250
Ekong 0 E U 28
Ekundayo 0 29
El-Sayed E I 123 182
E11yahu M -Nemny N E -Me1sner v 195
Elv1n Le~1S PI P F 183
Ep1no P B -Tu C W -Puma B C 185
Ermel K 37
ETEAAT 1 8 18 212 276
Evahs K A 220
Evans K A -Charlet ~ 17
Evans P T 2'4
EVETEX 60 278
EXPEAM 14
Ezumah B S
Fagoonee I
Feuerhake K
Feuerhake K
FLRAB 4:
Forster H -Czoppelt C -Rao

P J -S1eber K P 22
FTRPA 12 226 254 275
FUJ1Wara T -CPBTA 270
Gaaboub I A 25 60
Gambee E B 289
Gandr' '" 4
Garg t K -Nath K 294
Garg H S 59 245 301
Garg H S -Madhusudanan K P -Bhakun,

o 5 275
Gelman D B -Cymbo~owsk1 B 55
G,lbert H 199 200
Gllnsuko~ ,. 3
GolCschrr dt E E -Altman A 34
Goswarr, E K 3:
Goswarr E K -MUkerJee S K 205
Gov' Ie'" 259
Go.. aa O~ 112
Gra1nge M 228
Gralnge M -Hy11n J W -M,tchell

W C -L,ts1nger J A 154 253
Grant I F 138
GUJar G T 149
GUJar G T -IJEBA 161
Gupta A K 259
Haasler C 100
Haggag M Y -Fathy F I 222
Hamel 0 R 24
Hasan ,.." 1 10
~assanal, A 258
Hayes D K 25 60
Hellpap C 6q 99
Heyde J v d 190
Heyde J vo~ del" 97
H la1 S H 222
Hlll M W -Va1lely P J -MacleOd

J K -Mollnskl T F 284
Hlnebaugh M A -l,ndqu,st

R K -Jacobson M 120
Hongo H 74
Husseln Ayoub S ~ 226
Ib1yem1 S A 28
HORA8 219
IJAGA 62
I JDSA 263
IJENA 5 121 128 149
I JNED 205
IJNEC" 59 110
Inamda r J A 269

J

239

250

195

38

A N -Meyerd1rk
\

H J -Koolman

152
N 95

237
28­

J K

M

245 30
273
~ -Gupta N '"
~ ~ -JOShl

B A 282

77
186

15:

229
219

L '78
L -K1shaba

-Palac1os
121

H M -B,dmon

Abatan M 0 246
ABOIB 296
ACSMC 202
Adaml M 125
Adey, 0 -Anyabu,ke C 254
Adhikary S 242 243
Adler V E 9 84
Agnlhotr1 N P -GaJblhye V T -Ja,n

H K 233
Agrawal 0 K 294
AGREA 177
Ahmad R 134
Anmed S 154 228 253
Akhtar M S 109
Ak,nnusl 0 A 271
Akou-Edl 0 101
Alam M '" 75
AlB H 286
Amana 1 K -Ohtakl T 57
Amlr-Shap,ra D 34
ANBOA4 269
Ancerson D M W 135
Andre, G />I 14
APEZAW 236
Ara I 280
Ara I -Fa'Z1 S -Mahmood T -SlddlqUl

E S 218
Arnason J T 8
Ascher K R S 93 94
Asche~ K R S -O~a~1

Ascher K R S -Zur ~

ASChr K R S -Oma~1 N
Balasundarar ~ -Sharma
Baluvut A S 116
BanerJ1 R 6 137
Bano K -V,navak K -BagyaraJ D J 274
Bansa 1 S 296
Barnby M A 92
BBRC 88
Bell P C -G,ll ~ C L -McDougal

~ J -McNab C G A 135
Berberlch S 177
BFSOEE 4"' 255
Bhdkun D 5 159
Bhanota~ R K 203
Bra' D ~ -5,n9r U
Bhat V S -Kulkarn1

V S -Nagasampag,
Bhatla B K 62
Bhatnagar P S -INFAA 171
BhattaCharya D 35
Bldmon H J -Grewe S 16
BIOVO 259
BJlSAF 300
Blane~ W ~ 252
BMSTA 106
Booth R H
Bowry S K
Branctner

48
BUGTA 268
CAGRA 249
CBPCB 17
Chakrabartty T 221
Chamberlaln W F 241
Charl M S 184
Chaturved, A N 239
Chavan S R 32
Chen Z Y -Shpn C Y -J,n K X 175
ChlU S 133
ChlU S F 2
Chohan v S
Coudrlet D
Coudr1et D

a E 162
Oaftardar S 'r
Datta P C 167
DesnrruK'" P B

•

8ESTAVAILABLE COpy



•

240237

S -Ascher

287
71

G 0 -COUSS10

161
152

217
-Tam

Lidert Z 150
Lindsay P J 107
Long S 140
Long S -Gandah M -Ouattara M 148
LUdlum C T 89
Lwande W -Gebreyesus T 258
MAAJA 111 145
Mac1eJewska J -Matter J J 241
Mahmood T -S1ddlQUl B S -Falzl S

158 209 290
Maltl DC-Kraus W -Bokel M 207
Maltra D N -IJDSA 113
MaJumder P L 207
Maklnde M J 246
Malczewska M 55
Mansour F 95
Mansour F A 93 94
Mar1appan V 40 63
Martlno V -Gutklnd

J D -Coto C E 13
Maurer G 51
Mehrotra K N 149
Melsner v 56 81
Melsner J -ZPFSA
Melamed-MadJar V

K R S 56
Mercado J C 69
MlkolaJczak K L 124
M,sra G -Nlgam S K 137
Mltchell B K 217
Mltchell M J 88
Moar W J 285
Mordue A J 17 220
Mudgal V D 65 263 297
MukherJ,and A -Datta P C 122
Mural,dharan C M 184
Nagasampagl B A -Bhosale

A S -Kulkarnl M M -Tunglkar V B 204
Nalr G W -Shah J J 292
Nalr M N B 136 300
Na,r M N B -IAWAB 291
Nakanlsh K 251
Nakatam M 23
Narayan P 231 232
Narayanan C R 216
Nath K 298
Nayak B R 265 266 267
N'gam S K 6
Obasekl A 0 254
Obasek, 0 12
Oelr,chs P B -PYTCA 284
Olsen J I -Schwelzer M P -Klocke J A

302
PadlTaJa P 238
Pahl,ch E -Schmutterer H 37
Pa1anlappan S 67
Pa1anlappan S P -PJrushotham D 146
Panda D 255
Panda la, R C 292
Pandey N D -Trlpathl R A 121
Pant N 275
Parrella M P 249
Patel A S 53
Patel J D 45
Pathak P H 197 236
Pat,l V H -Kadrekar S B 96
Pattablraman T N 265 267
Pener M P 83 115
PENTD 89
Pere,ra J -ZANEA 181
Persaud N 148
Persaud ~ -Gandah M -Duattara M 140
Phl 10gene B J R -DonskOv N -Hudon

~ -McDougall C -Fort,er G -Morand
P -Gardner D -Lambert J -Morrls
C -Nozzo111lo C B

PHPRA2 7 84 95 108 2e7
P 118' A 296

16416214.0

230

126
285
12

S 134
114
N E

114
2.0 1
H A

IPCLB 272
ISBCA 115
Islam B N 215
IVMJD 33
Jacobson M 31 193 202
Jadhav B B -JMAUD 96
JAFCAU 260
Jal n R K 110
Jaln S C 111
Jalswal V S 231 232
JASIAB 80 234 294
JayaraJ S -Saxena R C 71
vCECD 124
JEENA' 68 71

166 230 235
Jegede-Fadunsln
JERED 184 233
JrTHDA 4 70 208 246
Jl lam G 163 235
JINSA 77
JIPHA 1E 4e 55 57 58 87 92 102

10" 227
JIVPA 139
JJASDH 30
JNPRDF 150 165 251 281 290
JOCRAW 155 156
Vohr1 T S -Reody V R -Panda B K 127
Josh' B G 52 189 19":
JOShl K C -Dhar N R 73
JOShl S P 206
votwanl ~ G 244
JPMOE6 122
JT EHD6 • 73
Justo H D Jr -Eplno P B 118 119
Kale R D 274
Kannalyan S 145
Kare' A K 74
Karnavar G K 142
Kaufman W R 102 107
Kauser G 48
Kehat M 240
Ketkar C M - 1928- 295
Ketkar C M 39
Khan D -Ismal1
Knar Z R 1 68
K~ar Z R -BaJet
KhOShoo T N 49
K oCke J A 20 92 260
Klocke J A -Ba1andrln M F 261
Klocke J A -Lee S M -Stone

~ A -Darllngton M V 155
Knodel-Montz v J -webb R E -Warthen

J D 166
Knodel J J 169
Knode J J -Mar,on D F 293
KOShy P K 59
Ko" 1 0 7 18 2 1 57
Kraus w 26
Krause W 125
Krlshna S S 197 236
Kubo I 20
Kulkarnl H D 176
Kumar V -Darlya S S 62
Ladd T L Jr 143 160
Lal R -Sankaranaravanan A -BanerJee

C K -Sharma P L 4
Lampurl J S -Coto C E -Torres R A

oe 14
Lange W 223
Larew H G 164 166 198 293
Lare~ H G -Web~ R E 169
Lee S M 261 302
Leuschner ~ -Sankaram

A V B -Gunasekhar D -Marthanoamurth,
M -Bhaskarlah K -Subramanyam
~ -Sultana ~ 151

Le~ s W H -ECBOA 18:
I.ey S V 279

BEST AVAILABLE COpy



1

112

291S V

Ch -Schmutterer

255

151
42 :204

276
-Pat,l P I 141

141
N -Karegowda C

-FalZ, S :26:2
-Falz, S -Mahmood

S -Patnaik S
R C 43
C I 24

J 136
J -Subramanyam
U 115
G K -Czoppelt

Sen H
Set1a
Shade
Shah oJ
Shah oJ
Shalom
Sharma

H 15
Sharma H C
Sharma R N
Sh,rnlzu T
Shlnde "P B
Shlngte V V
Sh,vanandappa
Sldd'Qu, 8 5
Sldd'Qu, B S

157 281
S,dd'QuI B 5 -Falz, 5 -SlddIQ~l 5

280
SlddlQU' M A 75
SlddlqU' S 157 158 209 218 262

281 290
S,eber K P 89
S,eber K P -JIPHA 91
S,mmo~ds M S v 252
S,ngh A P 64 66 188
Singh E 64 66 188
SIngh B -S,ngh Y P 268
SIngh H B 44
SIngh I 219
SIngh M -Ganesha Rao R S -Ramesh S

80
S,ngh R 0 73
S,ngh R P 5 128 216
S,ngh R S 72
S,ngh U P 44
S,ngh Y -S'ngh S P 128
S,nghal K K 65 263 297
S1nna K C 191
Slnha R -Tank R 70
S,nh1ah 0 ,29
S,tarama,ah ~ 72
S,tarama,ah S 10e
Smith S L 88
SomOatsH' K 98
Sorr,aree R -Plyachaturawat

P -Thebtaranontn Y 3
Souza Garc,a E de 8;
Sowunm, 0 E 2;1
Sr , rna t h, R A 176
Sr,vastava B G 5
Sr,vastava K P 233 244
Sr,vastava R C 174
Sr,vastava R V N 33
Sr1vastava S 0 130 165
Sr'vastava Y N 203 273
5S1CB 12,
Steffens R J -ZANEA 50
Ste,n U ~49

Stokes J B 78
Stokes ~ 8 -Warthen J 0 Jr -Redfern

R E -Reeo D K -Webb R E -Telek L
193

Su H C F 163
Subb,ah S 14­
Subrahmanyam B 19
SUbrahmanyam G V 49
Subraman1an R B -Mohan J S S 269
Sudderudd,n K I 85
Sudhakara K 234
Sundaramurthy V T 224
Su~aararaJu P 59
Surul,velu T 22~

Su~ve S P "77
TACUDC ;5
Takao H -~,ura 1 -Hase T 23
Takeda ~ -Dg,hara v -Sh,m zu

~ -Nomura T 27C

190

114
230
172

S 194
52

38

63 68
196 21

von der
235

H 97

189
-JOsh, E C 108
-Nageswara Rao
-S,ta"'ama,an S

P,l1a, N R 288
PISBA 142
P~BOB6 1::4
P',ske T E 117
PLMEAA 130 209 262
PLSCA2 146
PNASA 34
Podder G -Saha J 221
Pophal1' S 168
Prabhaker N 162
PraOhaver N -Meyerd,rk D E 278
Prakasa Rao E V S 80
Prakash A 0 208
Prasad R 234 264
Puroh1t 0 K 206
PYTCA 23 28 135 137 157 158 207

218 245 280 282 301 302
Oadr, S S H 272
Radema~her J ~ -Sehn E 58
Raffa K F 144
RaJagop~' S -Garg A K 298
Ramar K V 38
Ramanathan K M -Fran~,s

v J -SureShkumar R -Kothandaraman
G V ,47

Ramaprasad G
Ramaprasad G
Ramaprasad G
Ramaprasad G
Rac P J 19
Rao R 266
Ra\ D -Lal J -Bansal

G C -Subraman,an G 33
Redd) P M 4"
Red~ern R E l' 78
Reec 0 K 31 ,24
Reeo 0 ¥ -JEE~k 104
Reghu C P 45
Rembcl~ H 15 22 87 9, 2 3 247

248
Renapurkar 0 W 153
R,a r 5 5 -T1War) R 5 -Drawar

A K -Bardhan J 19
R,f"'a, S 109
R"lanc T G -Sarno) W A -K,ocke ~ A

156
Roger P A 47
ROJatka r S R 282
Rombol0 J S 214
Rov S -Duttagupta R 113
Sadagopan V R ,2"
Sahrawa K L -JINSA 36
Sangar R B S 225
Sankaran K V 250
Santaf,anos D -Blane) w ~ -S,mmonds

'" S J 2;9
Santhakumar, G 288
Santh, 5 R 67 146
Sanyal M 122
Sanyal M -INDRB 167
Sarkar '" S 186
Saxena K N 2'3
Saxena R C 1 10 40

118 119 179 185
Saxena R C -Hevde J
Saxena R C -Rueda B P
Saxena R C -Schmutterer
S~hauer M 105
SChluter U 16 46 139 21: 256 257
Schmut terer H 41 50 6 192 22;

299
Schmutterer H -ZANEA 1"'2
Schroeoer D R 25
SchUlZ F A 283
Schulz w D 256 25;
SCh~,nger M ,70
Seegers R -wa"anaoe
Se fer, G 39

«

BESTAVAILABLE COpy



-------~ - --

Tan M T 85
Taylor 0 A H -Thlrugnanam M 150
TELEAY 261 279
Tewar1 R K -Mathur R 208
Thampattl K C M 238
ThangaraJu M -Obllsaml G 145
Thomas J -FENEA 264
Tlgvattanont 5 98
Tlrlmanna A 5 L 277
TOLED5 3
Toory V 27
Trlpath, H C -Parlhar N 5 210
TROSAC 38
Trumble J T 285
Tsal u H 175
Udayasekhara Rao P 30
Ueoel E C 9 84
Upadhyay P N 58
Usha G -uabeen K 272
Uwa,fo A 0 173
Varghese G -Basvaran G -Koo S H 129
Verma S P 268
Vl'"!TOD 286
V'JJan V K 210
Wachsman W -FTRPA 13
Warthen u 0 126
Warthen u 0 ur 180
Warthen u 0 Jr -Jacobson M -Stokes

u B 11
Warther u D ur -Kleln M G 160
warthen u 0 -Uebel E C -Reed G L 104
weOb R E -JEENA 120
Wohlgemuth R 181
WOSTBE 292
YamasakI R S 155 156 260
Yankov L K 226
Yatho~ S -Tal S -Ascher K R S 81
YAXAA 24
ZANEA 19 21 69 74 90 103 133

19- 242 24: 299
ZAP~A 67
Zeb,tz C P W 6 76 103
Zehnoer G 126
Zehnaer G ~ 180
Zehrer I'. 79
Zhang X -~lU S -Huang 0 133
ZPFSA 41 56 81 97 2~9

:c

•


