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ABSTRACT Repellency and toxicity of azadirachtin (98% AZA, which contains 98% azadi-
rachtin} and 3 neem extracts (48, 23, and 7% AZA} to 3 stored-product insects, the rusty grain
beetle, Cryptolestes ferrugineus {Stephens}, the rice weevil, Sitophilus oryzae {L.3, and the

ved Hour beetle, Tribolium castanem {Herbst),

were investigated in the laboratory. Each test

material repelled ail 3 species in a standard repellency test using a food preference apparatus.
Significant negative correlations were found between insect settling response and extract con-
centrations. T castaneum was more sensitive to the repellent action of neem than the other
2 species. The test materials were also toxic to the 3 pest species, with C. ferrugineus being
the most susceptible. Six-weelt Lsg values for 48, 23, and 7% AZA for C. ferrugineus were
18.8, 37.0, and 127.3 ppm, r05pectively'. The ¥, adults of all 3 insect species in almost all
treatments were significantly reduced compared with contrals. This reduction was significantly
dose dependent. The relationship between hioactivity of ncemn materials and their azadirachtin
content was established and is discussed. We confirmed that azadirachtin was largely respon-
sible for hoth repellent {(behavioral} and toxic (physio]ogicai} actions of neem on stored-product
insects, Flowever, the neem extracts are slightly more active than pure azadirachtin when
applied at equivalent azadirachtin concentrations, indicating that azadirachtin is not the only

active compound in neern.
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ANNUAL POSTHARVEST LOSSES caused by insect
damage, microbial deterioration, and other factors
are estimated to be in the order of 10-23% world-
wide (Matthews 1993). Synthetic pesticides are
currently the method of cheoice to protect grain
from insect darmage, however, their widespread use
has led to the development of pest strains resistant
to insecticides {Champ and Dyte 1976, Zettler and
Cuperus 1990, White 1995). Also, there is a de-
mand for safer insecticides because of concerns
ahont insecticide residues on grain and health haz-
ards to grain handlers. Alternatives for stored-
product protection to replace synthetic chemical
insecticides are highly desirable.

Plants are a rich source of compounds that have
insecticidal activity (Arnason et al. 1989). The ef-
fectiveness of many plant derivatives against
stored-product insects has already been demon-
strated {Su 1977, 1990; Malik and Nagvi 1984; De-
lobel and Malonga 1987; Weaver et al. 1991; Khai-
re et al. 1992; Hu 1993; Xie et al. 1995). Among
these, extracts of the neem tree, Azadirachta in-
dica A. Juss, have received the most attention {Ja-
cobson 1983, Saxena et al. 1988). It has been an
age-old practice in rural India to mix dried neem
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feaves with stored grain to control stored-product
insects. Data are available describing the bioactiv-
ity of neem against a broad spectrum of insects,
including stored-product insects {Saxena et al.
1988, Koul et al, 1990, Schmutterer 1990, Mordue
{Luntz} and Blackwell 1993).

The major active constituent in neem is the k-
monoid, azadirachtin. Azadirachtin is well known
for its antifeedant, toxic, and growth regulating ef-
fects on insects {reviewed in Saxena 1989, Schmut-
terer 1900, Mordue [Luntz] and Blackwell 1993).
Despite considerable efforts to synthesize azadi-
rachtin {Ley et al. 1887 1093, Sinmonds et al.
1990), its extreme structural complexity makes syn-
thesis on a commercial scale uneconomical and un-
likely in the near future. A variety of preparations
hased on neem extracts have been tested against
storedmproduct insects. A mixture of 1-2% neem
seed powder with wheat kernels provided 9-12 mo
protection against an external grain feeder, the
khapra beetle, Trogoderma granarium Everts, and
2 internal grain feeders, the rice weevil, Sitophilus
oryzae (L.}, and the lesser grain borer, Rhyzoper-
tha dominica (F.) (Jotwani and Sircar 1965). Paper
strips dipped in 30% neem seed extract solutions
were highly repellent to the larvae of the Mediter-
ranean Hour moth, Anagasta kuhniella (Zeller)
{Roomi and Atiquiddin 1977). The application of
erude neem ofl and Margosan-O (W, R. Grace, Co-
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lusnbia, MD), a commercial neem-based insecti-
cide, on filter paper strips at 200, 400, or 800 ug/
cm? reduced adult feeding of the red flour beetle,
Tribolium castanewm (Herbst), and the lesser grain
borer (Jilani et al. 1988, Jilani and Saxena 1990).
A significant reduction in survival of parent and F;
generations of 8. oryzae was observed when insects
were exposed to wheat treated with Margosan-O
{Dunkel et al. 1990).

However, with the exception of Margosan-0O, the
azadirachtin content of neem materials used by
previous researchers is unlnown, making it ex-
tremely difficult to compare results. For stored-
product insects, there is a lack of direct evidence
showing that azadirachtin is the principal active
constituent in neem. The objectives of this study
were to evaluate repellent, toxic, and reproduc-
tion-inhibiting effects of azadirachtin-rich neem
powders and pure azadirachtin against 3 stored-
product insect pests, and to determine the efficacy
of neem materials and their relationship to azadi-
rachtin content.

Materials and Methods

Imsects. Three species of insects, rusty grain
beetle, Cryptolestes ferrugineus (Stephens), rice
weevil, S, oryzae, and red flour beetle, T. casta-
neum, were used in this study. All adults were ob-
tained from laboratory cultures maintained at 30
+* 1°C and 70 = 5% RH. C. ferrugineus was
reared on Cuanada Western Hard Red Spring
Wheat ("Katepwa’) at 16% moisture content, mixed
with 5% cracked wheat (wt:wt). The 2 other spe-
cies were reared on the same medium at 14%
moisture content. All species were kept in labora-
tory culture for >3 yr,

Test Materials. Dry neem concentrates were
obtained from I'TC, Hyderabad, India (48% AZA,
which contains 48% azadirachtin), and from Nee-
moil Australia, Lismore, Australia {23 and 7%
AZA). Azadirachtin contents were measured b
high-performance liquid chromatography (HPLC)
{(Isman et al. 1990). Azadirachtin (98% AZA) (pu-
rity based on FAB-mass spectroscopy) was provid-
ed by J.'T. Arnason, University of Ottawa, Ottawa,
Canada.

Repelleney. All neem extracts and azadirachtin
were dissolved in methanol (MeOH) for stock so-
Iutions, and diluted with distilled water to provide
the required concentrations as follows: 1-16 ppm
for 98% AZA, 2-32 ppm for 48% AZA, 16-256
ppin for 23% AZA, and 48-768 ppm for 7% AZA.
An appropriate amount of MeOH was used as a
control, and 6 concentrations (including control)
were prepared for each test material. Triton X-100
{Sigma, St. Louis, MO) served as an emulsifier at
a concentration of 0.1%. Sixteen millilitres of aque-
ous solution were applied with a small atomizer
{68011 Spra-Tool Power Pak, Crown, Whithy, ON)
to 800 g of wheat kernels spread on a tray. The
treated wheat was rotated on a roller {Chemical
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Fig. 1. Settling response of adult C. ferrugineus, 5.
oryzae, and T castaneum on wheat grains treated with
azadirachtin (98% AZA) {(A) and neem concentrates: 48%
AZA (B), 23% AZA (C), and T% AZA (D). Standard er-
rors for all mean values are <5%.

Process Products, Akron, OH) for 30 min to obtain
a uniform distribution of the compounds. Initial
moisture content of the wheat was 13%, and the
final moisture content was 15%,

Food preference chambers (Loschiavo 1952}
were used to conduct a multiple choice bioassay to
test the repellency of neem materials to the in-
sects. The brass chamber was cylindrical (6 cm
height, 30 cm diameter), with a raised arena (2 cm
height, 10 cm diameter; in the center of the cham-
ber. It was divided into 6 equal sections by brass
partitions. Six 200-g portions of treated wheat ker-
nels with different concentrations of neem were
filled randomly into each section. Two hundred un-
sexed aduft beetles (1-2 wk old) were introduced
into the center of arena, confined by a brass ring
(2.5 cm height, 5 cmn diameter), and a circular
black-painted plate was used to cover the top of
the chamber. After 1 h of confinement to allow
beetles to return to normal activity, the beetles
were released by raising the brass ring, The cham-
ber was kept at 30 = I°C and 70 = 5% RH for
24 h. At the end of 24 h, which is sufficient time
for beetle numbers to stabilize (Y.5.X. and PG.F,
unpublished data), the contents of each sector
were vacuumed and the number of insects in each
was determined. The entire experiment was re-
peated 4 times.

Toxicity. Wheat kernels used in the repellency
tests were held at —35°C for at least 3 h to kill any
eggs laid during the multiple choice tests. Two sets
of 5 glass vials (7 cm height, 2.7 cm diameter), 20
g of wheat per vial, were prepared for each treat-
ment. Ten unsexed adult beetles (12 wk cld) were
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Table 1. Relstionship between insect settling response and coneentration of neewm materials

o C. ferrugineus 8. aryzae T. castaneum

G

Aza [nter- Slope r2 P Inter- Slope 2 P p  Infer Slope r2 F 7

cept cept cept

98 1544 -499 093 00006 6 1857 —534 081 00033 8 ¢ 098 (000Z 6

48 1854 313 082 00126 6 1966 —5.04 070 00388 6 h G99 00801 6

93 9960 —447 080 00040 6 2252 —436 095 00007 6 2152 —1139 088 00001 6
7 9277 —351 056 000068 6 2336 ~-38¢ 085 00010 O 33.41 -84 087 00004 6

Linear regression was performed between logjplconcentration + 0.1] and tnsect settling response (percentage of total insect popu-
lation), except 95 and 48% AZA versus T. caslaneum, for which polynomial regression was performed {SigmaStat 1994).
@ Polynomial regression equation; y = 1431 — 3555 + 23.93x%. where y = insect settling response (% of total population), x =

in%m[ccmcentration + 0.1].
I

Polynomizl regression equation: y = 21.52 — 28.63x + 120742 where y = insect settling response (% of total population), x =

logiolconcentration + 0.1].

introduced into each vial for the 1st set of vials (5
replicates}. After 2 wk at 30°C and 70% RH, adult
beetles were removed and ptaced in the 2nd set of
vials with the wheat treated at the same concen-
tration. Mortality of adult beetles was determined
after 9, 4, and 6 wk. The 1st set of vials was held
in the incubator for an additional 5 wk before
counting ¥y adults.

Data Analysis. Linear regression was conducted
to define all dose—response refationships when cor-
relations between dose and test parameters (set-
tling response, mortality, and number of offspring)
were found to be significant {Anonymous 1991). A
logarithmic transformation [logy (x + 0.1}, where
x = concentration in ppm} was perlormed before
regression analysis. Analysis of covariance (AN-
COVA) (Zar 1984) and analysis of variance (ANO-
VA} {Anonymous 18991} was performed to test
equality of regression coefficients and differences
of means in Fig. 1. The ECg, values (effective con-
centrations of neem materials required to reduce
F, adults by 50% relative to controls) (Table 2)
were determined by regression-prediction analysis
{Anonymous 1991). Probit analysis {Finney 1871)
was applied to determine the lethal concentration

of neem concentrates causing 50% mortality {LCsq)
for C. ferrugineus {Table 3). Abbott's formula {Ab-
bott 1925) was used to correct for control mortality
{which was <14%.) before probit analysis.

Results and Discussion

Repellency. Al test materials repelled the 3 in-
sect species in a dose-dependent manner (Fig. 1).
Settling response of all 3 insect species was signif-
icantly (P < 0.03) negatively correlated with con-
centration for all test materials (Fig. 1) (Table 1).
Regression slopes and intercepts of all 4 test ma-
terials for C. ferrugineus and S. cryzae were not
significantly different (ANCOVA for slopes, 98%
AZA: ¢t = 002, df = 8, P > 0.3, 48% AZA: t =
011, df = 8, P = 0.5, 23% AZA: t = 001, df = 8,
P > 05 7% AZA: t = 003, df = 8§, P = 0.5),
suggesting that both C. ferrugineus and §. oryzae
responded to the repellent action of neem mate-
rials in a very similar fashion. In contrast, T cas-
tanewm responded to the repellent action of all test
materials differently compared with C. ferrugineus
and 8. oryzae. With 95 and 48% AZA, significant
polynomial regressions were found between set-

Table 2. Number of F; adults developing in wheat kernels treated with azadirachtin and neem concentrates

8% AZA 48% AZA 23% AZA 7% AZA
Conen, No. offspring Conen, No. offspring Conern, No. offspring Conen, Na. offspring
ppim _ppm pIn pr
{azadir- T. (azadie- ¢ T. (a;?zadir- c T {agadir- c T
achtin farr- . cds-: gchtin forru- S. cas- achtin féﬂ"’u- . cas- achtin forru- . cas-
eQUIVA- ringys O zae e eguivas ey 0T P equiva- inens oryzae - equiva- ey CTYRS ta-
tent) ~ REUm lent) nawm fent} HEin. lent) ~ HELT
Q g8 1342 328 0 7.6 1652 428 1] 11.4 2098 482 1] 106 2008 300
(0 o} () {0)
1 8.3 1220 236 2 2.0 506 224 16 56 1628 158 48 2.6 1920 146
{0.98) 0.96) (3.68} (3.36)
2 44 1214 154 4 18 732 176 32 12 1254 84 96 16 1872 140
(1.96) (1.92) (7.36) (6.72)
4 2.4 788 134 8 12 826 128 64 08 93.8 8.2 162 1.2 '159.0 3.0
(3.92} {3.84) {14.72) {13.44)
8 1.8 1042 130 16 1.8 66.0 7.0 128 0.6 99.8 1.8 384 4 076 0.2
{7.84) {7.68) (2944} [26.88)
16 1.6 88.6 36 32 1.0 46.0 2.2 256 0.4 95.4 0.2 768 0.2 85.8 0.0
{15.68) (15.36) {35.88) {53.76)

Regression was performed between logiafconcentration

+ $.11 and number of Fy adults (see Table 3}
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. < tling response of 1. cestanewm and concentration
T g T2 @ {Table 1}, and >60% of the total insect populations
§3! vads:-8 pop
5| gyscsHe were found in the control section alone, signifi-
cantly more than in any other sections treated with
& ® ] the neem materials (ANOVA, 98% AZA: F =
IR S S, 398.56; df = 5, 18; P = 0.0001; 48% AZA: F =
12 £ Fossye 115.30; df = 5, 18; P = 0.0001) (Fig, 1). With 23%
‘E [l = =29 = AZA and 7% AZA, significant linear relationghips
E “ were also found between insect settling response
- . _ and concentration (Table 1). However, ANCOVA
K £ E 28 o indicated that regression slopes and for this species
F2| cuIZa o
£ SRl rasdes were significantly greater than that for the other 2
£ species (23% AZA: t = 423, df = 8, P < 0.001,
5 | 7% AZA: t = 3.86, df = 8 P < 0.001), suggesting
¥ 4 wS that T’ castansum adults were more sensitive to the
g 35| 9228 2= repellent action of neem than the other 2 species.
= I B An insect repellent has been defined as a chem-
g . ical substance that causes the insect to make ori-
_: L & ented movements away from the source {Dethier
Eli<ig S v 8242 et al. 1960). The strong repellency of azadirachtin
£ Elo] 8 |egg=°gy and neem concentrates in this study was reflected
2T E| 7 ! by reduced numbers of insects on treated wheat
Z (Fig. 1}). This reduction is presumably caused by
2 g u = chemosensory effects of neem, either olfactory or
3 g3l 2nm § § - = gustatory. Numerous studies have been conducted
- LURY e 4 Ll . ..
£ G ; to determine the repellent activity of neem mate-
3 rials against stored-product insects {Saxena ef al,
- X P
£ ) — 1988, Mordue [Luntz] and Blackwell 1993), but
& e =8 most studies either lacked standardized technicues
] S8 Tl ol . g
™ A R e 4 or used only 1 or 2 concentrations, which do not
g & verify a dose-dependent response. Our study, using
H ¥ 8 andard techni d trated that insect
S« . . s a standard technigue, demonstrate at insects
= = Y - could detect small differences when food was
ENIEE Eig § g i Eé ;5 £ treated with neem (=1 ppm azadirachtin), and re-
BRIk S w | : e spond to the repellent action of neem in a dase-
3‘ o dependent manner.
£ e 9 g—% Toxieity, All 4 test materials were toxic to the 3
3 8| —ok B2am@ | L. species, afthough the toxic action was slow and the
= 8 2 P g
T Hiovsico~o | B fhcacy varied ies. C ; ,
£ s i _ Ep etficacy varied among species. C. ferrugineus was
s g the most susceptible (Fig. 2), followed by S. oryzae
£ . « 5% (Fig. 3), with T' castaneum being the least suscep-
< 5 § mwEBLa] 9T tible {Fig. 4). Good control (>95% mortality) was
< CilogoasSeie| © - obtained only for C. ferrugineus after 6 wk at 256
5 5 @ ppm of 23% AZA and 768 ppm of 7% AZA (Fig.
R £ E 2). In general, mortality for S. oryzae and T. cas-
< ISkl @ i - £ taneum was below 40% (Figs. 3 and 4). Both C.
E gl & waB8ch| §E Sferrugineus and S. oryzae had increased mortality
E{l#]o] 3 lovScowg E L . g A 3. 0T :
P N I 49 oo 28 with time (Figs. 2 and 3), but 7. castaneum did not
= 4 ZE (Fig, 4}
= ) =g Dunkel et al. (1950) observed >70% mortality
- E o ial =) "
£g o2 o] 5 or adult S. oryzae exposed for 2 wk to wheat treat-
F g 8 g for adult S. oryzae exposed for 2 wk to wheat treat
@ 2 astwoof | 22 d with +h based i icide M san-0
i oo ysSeiql £E ed with the neem-based insecticide Margosan-O at
g = = v a concentration of 0.2% (6 ppm azadirachtin). In
g gEE contrast, our study showed that 5. oryzae was far
2 = lg rg less sensitive to neem (Fig. 3). We conducted pre-
Efn ERRE: liminary tests with Margosan-O at a similar con-
& 2 é B centration to Dunkel et al. (1990}, and obtained
) P % only 6% mortality with S. oryzae (YS.X., R.P. Bod-
o T E_‘:g Z i naryk, and PG.F., unpublished data). Some possi-
Z g 2808 8 ble reasons for these differences are insect strains,
= oo 5 . .
B~ Zg FAR &0 insect ages {0~3 days versus 7-14 d), test condi-
SRR R tions {27°C and 63% RH versus 30°C and 65%
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Fig. 2. Mortality of adult C. ferrugineus held on wheat
grains treated with azadirachtin (908% AZA) (A) and neem
concentrates: 48% AZA (B), 23% AZA (C), and 7% AZA
(). Standard errors for all mean values are < 109%.

RH), or test material {Margosan-O}, A comparative
evaluation of repellency and toxicity of several
commercial neem-based insecticides against
stored-product insects under identical test condi-
tions is underway.

Antifeedant effects of neem on stored-product
insects have been extensively investigated (Saxena
et al. 1988), Treating stored grain can disrupt in-
sect feeding by making the treated materials un-
attractive or unpalatable, and as a consequence,
insect growth, survival, and reproduction are ad-
versely affected (Norris 1986, Saxena 1987). It has
been shown that azadirachtin is toxic to the Mex-
ican bean beetle, Epilachna varivestis, only if ap-
plied at concentrations of 1,000 ppm {Rembold
1988). In our study, the ohserved mortality is likely
a consequence of antifeedant {(starvation) effect,
rather than toxic action. Topieal application of aza-
dirachtin would have clearly distinguished toxicity
from secondary mortality resulting from starvation,
Specific bioassays are needéd to separate these ef-
fects.

Reduction of Offspring. There was a great re-
duction of offspring for ali 3 insect species in al-
most all treatments compared with the controls
and this reduction was significantly dose depen-
dent (P < 0.05) (Tables 2 and 3). Both C. ferru-
gineus and T. castaneum showed & similar reduc-
tion in offspring due to neem extracts, with ECsgg
values ranging between 2.0 and 12.7 ppm for the
various test materials {(Tsble 3). S. oryzae was
much less sensitive to the test materials with ECsy
values between 34.7 and 704.7 ppm.

There are a numnber of factors that could explain
the differences in ¥, progeny production of the 3
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Fig. 3. Morwlity of adult § oryzae held on wheat
grains treated with azadirachtin (98% AZA) (A) and neem
concentrates: 48% AZA (B), 23% AZA (C), and 7% AZA
(D). Standard errors for all mean values are < 10%.

species. 8. oryzae Gggs and larvae are only found
inside the seeds, and hence, are not exposed to
neem extracts. In contrast, C. ferrugineus and T.
castaneum eggs can be Iaid on the surface of grain
kerneis, and larvae move freely through the grain
mass. The eggs and newly hatched larvae of these
insects are directly exposed to neem. Also, neem
is known to have adverse effects on ovarian devel-

100 [~ e A A8 e LT T e
A 1]
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"l .‘Mm{‘/‘d; I f
07 i TR T W S | Il i OMI (WY ] J 1 . \11?”‘
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Fig. 4. Mortality of adult T casianeum held on wheat
grains treated with azadirachtin {98% AZA) (A) and neem
concentrates: 48% AZA (B), 23% AZA (C), and 7% AZA
{D). Standard errors for all mean values are <10%.
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Fig. 5. Relationship between bicactivity {repellency
and toxicity, data from Figs. 1-4) of neem materials and
their azadirachtin contents. Dotted lines represent 95%
CIL

opment, fecundity, and fertility {reviewed by Kar-
navar 1987}, hence the eflects on F; progeny we
observed could be caused by inhibition of egg lay-
ing, Adult mortality during the 1st 2 wk could not
explain the differences in F; progeny as T casta-
newm had the lowest adult mortality, yet the F,
progeny was affected more than S. oryzde. As un-
sexed adults were used, there is a slight possibility
that the differences could be explained hy differ-
ences in the number of females placed in the var-
ious treatments. Further tests are needed to dif-
ferentiate theses possible modes of action.
Relationship Between Bioactivity and Azadi-
rachtin Centent. Isman et al. (1990} found that
72+90% of the variation in bivactivity of neem oils
against ‘the variegated cutworm, Peridroma saucia
Hiibner, can be accounted for by azadirachtin con-
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tent, and concluded that azadirachtin is the major
active ingredient against P sauciz in neem seed
oils, In this study, we have demonstrated and con-
firmed that azadirachtin is largely responsible for
both repellent (behavioral) and toxic {physiologi-
cal) activities of neem materials against 3 stored-
product insect pests, The basis for this conclusion
is the strong correlations between bioactivity (re-
pellency and toxicity) of neem materials and their
azadirachtin concentrations (Fig. 53). More than
T0% of the variation in repellency and over 80%
in toxicity of the neem materials tested {except re-
pellency versus T castaneum) could be accounted
for by variation in azadirachtin content {(Fig. 5).
This close relationship was also reflected by similar
LCsp values (8.0, 8.5, and 8.9 ppm in terms of aza-
dirachtin concentrations) for 48, 23, and 7% AZA
for C. ferrugineus (Table 4).

However, at similar azadirachtin concentrations
(7-5 ppm)}, refined neem concentrates were sig-
nificantly more toxic than pure azadirachtin (ANO-
VA, F = 877, df = 3, 16: P = 0.0011) {C. fef‘rum
ginsus mortality at week 6: 51, 47, and 51% for 7,
23, and 48% AZA, respectively, versus 23% for
98% AZA). There are several other chemicals in
neem extracts that have been shown toxe tc in-
sects {Lev et al. 1993, Mordue [Luntz] and Black-
well 1993), which could cause this additional mor-
tality. The use of neem extracts as an insecticide is
an advantage because the isolation of azadirachtin
is difficult.

The chemical complexity of azadirachtin and the
diverse structural requirements for insect bicactiv-
ity restrict the synthesis of this molecule, and,
therefore, commercial neem products will depend
on neem seed extracts. However, azadirachtin con-
tent in neem extracts shows considerable variahil-
ity, depending on their geographic origin {Ermel
et al. 1987}, Azadirachtin content is highly corre-
lated with both behavioral and physiological effects
of neem extracts on lepidopterans (Tsman et al.
1990) and on the stored-product coleopterans we
tested. Tsman et al. (1990) suggested that azadi-
rachtin content should be used as a guality-control
criterion for the formulation of neem-based botan-
ical insecticides. Our results suggest that neem
treatments containing =50 ppm azadirachtin
should provide good control of C. ferrugineus by
6 wi, but would not be sufficient to control adult
5. oryzae and T. castaneum. However, offspring of
C. ferrugineus and T castaneum could be com-

Table 4. Toxicity of neem concentrates to €. ferrugineus

LCy® {85% CI) (ppm)

B AZA 7 Azadrichtin Slope = SEM Intercept ¥2 P
Actual material -
equivalents
48 250 188 (10.0-35.5) 9.0 (4.8-16.9) 1.24 = .21 3.4 2.49 <(.01
23 250 37.0 {21.5-62.6) 85(5.0-14.4} 130 + 021 2.6 ik <{.0}
7 250 127.3{84.5-161.2) 88{59-13.4) 165 =022 1.54 5.84 <0.05

# LLCsq represents lethal concentration for 50% mortality at week 6.
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pletely inkibited and, thus, populations could be
significantly reduced at this level.

Finally, azadirachtin, at levels as low as 10 ppm,
repelled the 3 species studied. Grain treated with
neem extracts could have lower insect populations
because of reduced immigration. This needs to be
verified under field conditions.
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