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Abstract--Leaf disk choice test bioassays demonstrated that formulated neem 
seed oil (NSO) was equally deterrent to first- and third-instar nymphs and 
adult strawberry aphids, Chaetosiphonfragaefolii (Cockerell). Concentrations 
of NSO resulting in 50% feeding deterrence were approximately 1.1% for 
this species. The rapid disruption of aphid feeding (< 1 hr) was not related 
to the presence of the limonoid azadirachtin, and deterrence likely results 
from the combined activity of several compounds. Activity to C. fragaefolii 
disappeared within 12-24 hr following application to strawberry in the green- 
house. NSO was deterrent to only half of the six aphid species tested. The 
antifeedant properties of neem do not appear to contribute significantly to the 
control of aphids and the viruses they transmit. 

Key Words--Antifeedant, Chaetosiphon fragaefolii, aphids, Homoptera, 
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INTRODUCTION 

Ant i feedants  offer a novel  approach to vec to r  and disease managemen t  by ren- 

der ing plants unat tract ive or  unacceptable  to pest  insects (Saxena and Khan,  

1987). N e e m  has a lmost  legendary  insect repel lent  and ant ifeedant  propert ies  

f rom its long historical  use as a crop protectant  in many  countries o f  Asia  and 

Afr ica  (Saxena,  1986). A bioassay based on the antifeedant  act ivi ty o f  n e e m  to 
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desert locust, Schistocerca gregaria Forsk., led to the isolation and determi- 
nation of the most active ingredient, the limonoid azadirachtin (AZA) (Butter- 
worth and Morgan, 1968, 1971). Subsequently, the antifeedant activity of neem 
seed extracts or AZA has been reported for numerous insect pests (Warthen, 
1989), exemplified by the variegated cutworm, Peridroma saucia Hfibner (Isman 
et al., 1990); striped, Acalymma vittatum (F.); and spotted, Diabrotica unde- 
cimpunctata Barber, cucumber beetles (Reed et al., 1982); green rice leafhop- 
per, Nephotettix virescens (Distant) (Saxena and Khan, 1985); and brown rice 
planthopper, Nilaparvata lugens (St~il) (Saxena et al., 1981). Concentrations 
necessary to significantly deter feeding vary markedly between species, how- 
ever, and feeding of some insect pests does not appear to be influenced by neem 
extracts or AZA. For example, AZA offered on sucrose-impregnated filter paper 
to desert locusts completely inhibited feeding at rates as low as 0.01-0.04 ppm 
(Butterworth and Morgan, 1968, 1971), whereas the migratory grasshopper, 
Melanoplus sanguinipes (F.), readily consumed leaf disks of cabbage treated 
with AZA at rates as high as 500 ppm (Champagne et al., 1989). 

The antifeedant activity of neem could have contributed to the control of 
aphids reported from previous laboratory and field studies (Siddig, 1987; Lowery 
et al., 1993) and might help reduce the spread of aphid-transmitted plant dis- 
eases. Previous studies of the antifeedant activity of neem extracts or AZA to 
aphids have produced contradictory results. A neem-based product, RD-Repelin, 
was highly repellent to the pea aphid, Acyrthosiphon pisum Harris, at concen- 
trations of 1-10% (Hunter and Ullman, 1992), but extracts of neem seeds failed 
to deter settling and probing of the green peach aphid, Myzus persicae (Sulzer) 
(Griffiths et al., 1989). In order to effectively protect crops, deterrency of neem 
to aphids should be consistently achieved at concentrations appropriate for use 
in the field, i.e., approximately 1% neem seed oil (NSO) (Lowery et al., 1993). 

The purpose of the present investigation was to evaluate the antifeedant 
activity of neem to the strawberry aphid, Chaetosiphon fragaefolii (Cockerell) 
and compare the response of this aphid to that of other species. Studies involving 
various instars and aphid species should help clarify earlier contradictory reports. 
In order to clarify which component(s) of neem is responsible for the antifeedant 
activity to C. fragaefolii, deterrency of NSO, AZA, and the major volatile 
component of neem, di-n-propyl disulfide (DNPD), were assessed in leaf disk 
choice bioassays. Furthermore, to be of practical use, the deterrent activity of 
neem should persist for several days. Persistence of the deterrent activity of 
neem to C. fragaefolii was therefore evaluated under laboratory and greenhouse 
conditions. 

METHODS AND MATERIALS 

Plant Material. Strawberry, Fragaria X ananassa Duch., cv Totem; head 
lettuce, Lactuca sativa L., cv Ithaca; sweet pepper, Capsicum annuum L., cv 
California Wonder; broadbean, Vicia faba L., cv Windsor long pod; and mus- 
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tard cabbage, Brassica chinensis L., cv Pakchoi, were grown in plastic pots (10 
cm diameter) containing a mixture of sandy loam soil and peatmoss (4 : 1). Pots 
were placed in a greenhouse with supplemental lighting supplied by sodium 
vapor lamps ( --- 1500 ft-c), fertilized biweekly with a water-soluble nutrient mix 
(20 : 20: 20 N : P : K), and irrigated as required. Leaf disks were removed from 
young, fully expanded leaves of 6-to 8-week-old plants, except for strawberry, 
which was maintained in permanent plantings. 

Leaf Disk Choice Bioassays. Test conditions for the bioassays were adapted 
from a method for rearing individual apterous M. persicae on leaf disks of potato 
(Lowery and Sears, 1986). Aphids were placed two per disk on four leaf disks 
(20 mm diameter) cut from leaves with a cork borer and placed in a Petri dish 
(9 x 50 mm) having 10 small holes in the tight-fitting lids. Dishes were placed 
upside down on several layers of moist Kimwipe lining the bottom of clear 
plastic containers, which were held in a growth chamber (17 ___ 2~ under 
constant, indirect fluorescent light. 

For the choice bioassays, two leaf disks treated with the test material and 
two disks treated with emulsifier only (1.25 ml/liter Triton X-100, BDH Chem- 
icals, Toronto, Ontario) as a control were allowed to dry and then arranged 
alternately in each dish with their edges barely touching. Because aphids are 
very sensitive to the condition of their host plant (van Emden, 1972), the four 
disks in each dish were excised from the same leaf or leaflet. At concentrations 
of 0 %, all four disks were dipped in emulsifier only, and one pair of opposite 
disks was randomly assigned to the control treatment. Deterrency of test mate- 
rials was determined by the proportion of aphids on the treated disks relative to 
the total number of aphids on treated and untreated disks in each dish. 

Deterrent Activity of NSO. To evaluate how rapidly neem affected settling 
of C. fragaefolii, deterrency of a 40 % emulsifiable concentrate (EC) of NSO to 
adults was assessed for bioassays lasting 1, 3, 6, 24, and 48 hr. Deterrency of 
NSO was tested at five concentrations (0.0, 0.375, 0.75, 1.5, and 3.0%), and 
control disks were dipped in emulsifier (Mazon BSF19, Mazer Chemicals, Inc., 
Gurnee, Illinois) at a concentration equivalent to that in the corresponding NSO 
treatment. Six replicates (dishes) with eight aphids per dish were used for each 
time interval and concentration. 

Deterrency of neem to first- and third-instar and adult C. fragaefolii on 
strawberry was determined in the manner outlined above, except for the follow- 
ing changes. NSO containing approximately 4000 ppm AZA was tested at rates 
ranging from 0 to 2% (0.0, 0.25, 0.5, 1.0, 2.0%) with the position of the aphids 
assessed after 24 hr. The entire experiment was replicated twice, resulting in 
12 dishes for each concentration of NSO. Bioassays were also conducted with 
adult Fimbriaphis fimbriata Richards and an unidentified Chaetosiphon species 
[most likely C. thomasi (Hille Ris Lambers)] on strawberry, A. pisum on broad- 
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bean, 3/1. persicae on pepper, and the lettuce aphid, Nasonovia ribisnigri (Mos- 
ley), on lettuce, 

Determination of Active Principle. The constituent of NSO responsible for 
the deterrent activity was investigated in 24-hr bioassays with adult C. fragaefolii 
feeding on leaf disks treated with NSO containing variable concentrations of 
AZA (0.0, 0.25, 0.5, 1.0, and 2.0%), pure AZA (0.0, 62.5, 125.0, 250.0, and 
500:0 ppm), or DNPD (Pfaltz and Bauer, Inc., Waterbury, Connecticut) (0, 
I0, 100, 1000, and 10,000 ppm). According to Balandrin et al. (1988), DNPD 
is the major volatile component of NSO (76 % by weight of headspace volatiles). 
Six replicates were used for each concentration of AZA and DNPD and 12 for 
each concentration of every oil. 

Persistence of Activity. Persistence of the deterrent effect of NSO ( ~ 4,000 
ppm AZA) to adult C. fragaefolii was determined for bioassays with treated 
leaf disks maintained in the laboratory and for disks removed from leaflets of 
strawberry treated in the greenhouse. For the first experiment, leaf disks were 
treated with NSO (0.0, 0.25, 0.5, 1.0, and 2.0%) and held in Petri dishes under 
test conditions. Bioassays (24 hr) were then conducted daily for four days using 
the treated leaf material. On each day, each rate was replicated 12 times. 

For the second experiment, one leaflet of an intact strawberry leaf was 
dipped in NSO (1.0 or 2.0%), while one of the remaining two leaflets was 
dipped in emulsifier only as a control. Pairs of treated and control leaf disks 
from an individual leaf were then used for bioassays (24 hr) beginning 0 to 48 
hr after the leaf material had dried. Treatments were replicated 10 times in a 
single trial. 

Determination of AZA Concentration. The AZA content of the NSOs (pro- 
vided by Safer Ltd., Victoria, British Columbia) was determined using reverse- 
phase gradient high-performance liquid chromatography (HPLC) (Isman et al., 
t990). The HPLC system consisted of a Waters model 840 chromatograph 
(Millipore Canada Ltd., Waters Chromatography Div., Mississauga, Ontario) 
with a model 490 multiwave UV detector. A comparative standard of pure AZA 
(>  95 %) was supplied by J.T. Arnason (University of Ottawa, Ottawa, Ontario). 

Statistical Analysis. Proportions of aphids on treated disks were trans- 
formed by arcsin x/x to normalize the variances (Neter et al., 1985). Trans- 
formed values were subjected to analysis of variance (ANOVA) (Wilkinson, 
1990) and linear regression analysis. Inverse prediction (Neter et al., 1985) was 
used to determine the effective concentration required to deter 50% of the aphids 
(ECso) (i.e., when 25% of the aphids remained on the treated disks). The 
coefficient of determination (R 2) was partitioned, with the values shown being 
equivalent to those from regression based on the transformed treatment means. 
Treatment concentrations were transformed, lne(X + 1), as required, to improve 
linearity; concentrations in experiments with rates exceeding 100 ppm were 
scaled to improve precision. For the final bioassay to evaluate the persistence 
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of  NSO applied to intact plants in the greenhouse, following ANOVA,  Fisher ' s  
least significant difference test was used to determine differences between treat- 
ment means (Wilkinson, 1990). 

RE S UL T S A N D  D I S C U S S I O N  

Deterrent Activity of NSO. Deterrency o f  NSO (40 % EC) to adult C. f r a -  
gaefolii did not differ for bioassays lasting from 1 to 48 hr, indicating that the 
response of  aphids occurred rapidly, within the first hour (Table 1). EC5o values 
decreased slightly as the duration of  the tests increased from 1 to 24 hr, but the 
slopes of  the regression equations did not differ significantly (P > 0.05) for 
any of  the bioassays.  Multiple regression analysis involving both oil concentra- 
tion and time also demonstrated that duration of  the bioassay (time) was not 
significant (P = 0.968). These results indicate that bioassays lasting 24 hr were 

sufficiently long to accurately measure the deterrent activity of  neem. 
In a previous study, A Z A  applied to wheat seedlings at concentrations of  

250 or 500 ppm reduced probing and increased locomotory activity of  English 
grain aphid, Sitobion avenae (F.) ,  and bird cherry-oat aphid, Rhopalosiphum 
pad• (L.), during the first 25 min of  feeding (West and Mordue,  1992). Anti-  
feedant activity of  neem seed extract to desert locust occurred after the insects 
had examined test filter papers impregnated with neem solutions (Butterworth 
and Morgan, 1971). Although neem deterred feeding in a very rapid manner, 
it was not repellent, as the insects crawled upon and tasted the treated papers. 
On the other hand, fewer adult sweet-potato whitefly, Bemisia tabaci (Genna- 
dius), landed on cotton treated with neem seed extract (Coudriet et al . ,  1985), 
demonstrating that neem was repellent to this insect. 

TABLE l. EFFECTIVE CONCENTRATIONS OF NEEM SEED OIL (NSO) RESULTING IN 50% 
DETERRENCY (ECs0) TO SECOND-INSTAR STRAWBERRY APHID, Chaetosiphon 

fragaefolii, FOR BIOASSAYS LASTING 1-48 h 

ECs0 
Time (hr) (%NSO) Slope • SE ~ R 2 P (reg.) 

1 3.3 -0.187 • 0.024 0.951 0.027 
3 3.1 -0.173 _+ 0.066 0.694 0.028 
6 2.8 -0.183 _+ 0.062 0.743 0.015 

24 2.0 -0.280 • 0.063 0.869 0.004 
48 4.8 -0.158 • 0.036 0.864 0.049 

~Slopes of regression equations for proportions of aphids on NSO-treated leaf disks vs. ln,~ [NSO] 
are not significantly different (P > 0.05), based on 95% confidence intervals. 
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Results of the current bioassays demonstrate that NSO deterred C. fragae- 
folii in less than 1 hr, but they do not distinguish between repellent and anti- 
feedant activity. Careful observation of M. persicae, N. ribisnigri, and C. 
fragaefolii on NSO-treated leaf disks, with the aid of a 10• magnifying lens, 
indicated that NSO was not repellent to these aphids. During the 20 min of 
observation, all aphids attempted to probe the treated leaf material at least once 
(data not shown). 

Responsiveness of aphids to volatile substances is generally weak and var- 
iable, and most studies have concluded that aphids discriminate between suitable 
hosts following ingestion of plant fluids (Papaj and Rausher, 1983). Aphids 
invariably attempt to probe the surface of any substrate they land on (Gibson 
and Plumb, 1977), and it is during these short test probes that a small amount 
of fluid is ingested and "tasted" with the precibarial chemosensillae (Backus, 
1988). 

First- and third-instar and adult C. fragaefolii were equally deterred by 
NSO (Table 2). ECso values were almost identical, around t. 1% NSO, and 
slopes of the regression equations were not significantly different (P > 0.05). 
However, aphid species were not equally deterred by NSO over the range of 
concentrations tested (Table 2). In addition to C. fragaefolii, NSO deterred A. 
pisum (ECso = 1.7% NSO), and Chaetosiphon sp. (ECso = 2.1% NSO), but 
it was ineffective against F. fimbriata, M. persicae, and N. ribisnigri (regression 
P > 0.05). 

Previous studies of the deterrent activity of neem to aphids have produced 

TABLE 2. CONCENTRATIONS OF NEEM SEED OIL (NSO) RESULTING IN 50% 

DETErU~ENCV (ECs0) TO SIX SPECIES OF APHIDS IN 24-h  LEAF DISK CHOICE BIOASSAYS 

Instar~ species, a ECs0 
host plant (%NSO) Slope • SE b R 2 P (reg.) 

First, C. fragaefolii, strawberry 1.1 
Third, C. fi'agaefolii, strawberry 1.2 
Adult, C. fragaefolii, strawberry 1.2 
Adult, A. pisum, broad bean 1.7 
Adult, Chaetosiphon sp., strawberry 2.1 
Adult, F. fimbriata, strawberry NS c 
Adult, M. persicae, pepper NS 
Adult, N. ribisnigri, lettuce NS 

-0 .234  • 0.041 
-0 .186  • 0.023 
-0 .206  • 0.027 
-0 .153  • 0.037 
-0 .126  • 0.015 

0.916 <0.001 
0.957 <0.001 
0.950 <0.001 
0.848 0.003 
0.961 0.026 
0.006 0.801 
0.560 0.128 
0.099 0.888 

aStrawberry aphid, C. fragaefolii; pea aphid, A. pisum; unidentified Chaetosiphon species; green 
peach aphid, M. persicae; lettuce aphid, N. ribisnigri. 

b Slopes of  the regression equations for proportions of aphids on NSO-treated leaf disks vs. [NSO] 
are not significantly different (P > 0.05), based on 95% confidence intervals. 

CRegression nonsignificant (P > 0.05). 
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contradictory results. RD-Repelin at concentrations of 1-10% repelled A. pisum 
(Hunter and Ullman, 1992), and AZA at concentrations of 500 ppm deterred 
settling and probing of R. padi and S. avenae (West and Mordue, 1992). Choice 
bioassays demonstrated that NSO containing unknown amounts of AZA applied 
to broad bean leaves at a concentration of 2.5% deterred 42.4% of adult A. 
pisum compared to controls (Wilkins et al., 1990). Contrary to these findings, 
Griffiths et al. (1989) showed that extracts of neem seeds failed to deter settling 
or probing of M. persicae. Electronic monitoring of alate M. persicae feeding 
on iceburg lettuce treated with the neem-based insecticide Margosan-O revealed 
a slight reduction in the total amount of time aphids probed treated plants, but 
there was no difference in the amount of time salivating, walking, or ingesting 
phloem compared to controls (Braker et al., 1991). Based on the current find- 
ings, these opposing results might be explained by differences in behavioral 
response between the aphid species. In our trials A. pisum was deterred by NSO, 
whereas M. persicae was not. 

A high degree of variation in the behavioral responses of insects to neem 
extracts and AZA has been documented previously. Concentrations of AZA 
necessary to reduce feeding on leaf disks by 70% ranged from 1 ppm for third- 
instar fall armyworm, Spodoptera frugiperda Smith, on lima bean to 250 ppm 
for second-instar Colorado potato beetle, Leptinotarsa decemlineata L., on potato 
(Wood, 1990). Similarly, a 0.01% hexane extract of neem seeds was deterrent 
to California red scale, Aonidiella aurantii (Maskell), while concentrations of 
0.1% and 1.0% were required to deter yellow scale, Aonidiella citrina (Coquil- 
let), and citrus mealybug, Planococcus citri (Risso), respectively (Jacobson et 
al., 1978). Significantly fewer female brown rice planthoppers and white-backed 
planthoppers, Sogatella furcifera (Horvath), arrived on rice plants treated with 
ultra-low volumes of NSO at concentrations of 5-50 %, but NSO was not repel- 
lent to female green rice leafhoppers (Heyde et al., 1984). Feeding by all three 
species of homopterans decreased with increasing concentrations of NSO, how- 
ever, suggesting that the antifeedant and repellent activities of neem are inde- 
pendent. 

Determination of Active Principle. Our results show that deterrency of NSO 
to adult C. fragaefolii was not related to the concentrations of AZA. ECs0 values 
for oils with AZA contents ranging from < 50 to 6877 ppm were very similar, 
and slopes of the regression lines did not differ significantly (P > 0.05) (Table 
3), indicating that some other component(s) of NSO contributed to the observed 

activity. 
AZA applied to leaf disks of cabbage was not deterrent to M. persicae at 

rates up to 100 ppm (R 2 = 0.296, regression P = 0.198), but it was deterrent 
to C. fragaefolii on strawberry (R 2 = 0.986, regression P = 0.001) with an 
estimated ECs0 of 119.5 ppm. At a concentration of 100 ppm, 27 % (_+ 10.5 %) 
of C. fragaefolii had settled on AZA-treated leaf disks after 24 hr, compared to 
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TABLE 3. CONCENTRATIONS OF NEEM SEED OILS CONTAINING VARIABLE AMOUNTS OF 

AZADIRACHTIN (AZA)  RESULTING IN 50% DETERRENCY (EC5o) TO ADULT 

STRAWBERRY APHID, Chaetosiphon fragaefolii 

AZA, ECso Est. ECso 
(ppm) (%NSO) (AZA ppm) Slope + SEa R z P 

<50  0.96 (- -) -0 .413  _+ 0.122 0.791 <0.001 
1084 0.89 (9.6) -0 .341 _+ 0.015 0.994 <0.001 
2500 0.80 (20.0) -0 .406  + 0.025 0.989 <0.001 
4000 0.98 (39.2) - 0 . 370  _+ 0.073 0.895 <0.001 
4700 1.04 (48.9) -0 .353  + 0.035 0.972 <0.001 
6877 0.86 (59.1) - 0 . 459  + 0.067 0.939 <0.001 

aSlopes of regression equations for proportions of aphids on NSO-treated leaf disks vs. In,. [NSO] 
are not significantly different (P > 0.05, based on 95% confidence intervals). 

49% (+9.9%) at 0 ppm AZA (data not shown). Although AZA may be respon- 
sible for some of the deterrency of NSO to aphids, other components of neem 
likely make a greater contribution to the deterrent activity. 

DNPD applied to leaf disks of strawberry at concentrations up to 10,000 
ppm did not deter C. fragaefolii, and no dose-dependent effect was evident (R 2 
= 0.075, P = 0.108) (data not shown). According to Balandrin et al. (1988), 
the presence of volatile organosulfur compounds might partially explain the 
insect repellent effect of neem leaves and seeds, but purified DNPD, which 
comprises approximately 76% of the volatile components of neem, does not 
account for the deterrency of NSO to C. fragaefolii. 

Choice bioassays with various neem seed extract fractions demonstrated 
that several components were responsible for the antifeedant activity to the 
California red scale, yellow scale, citrus mealybug, and woolly whitefly, Aleu- 
rothrixus floccosus (Maskell) (Jacobson et al., 1978). Schwinger et al. (1984) 
showed that the neem components salannin and 3-deacetylsalannin were as effec- 
tive as AZA for the prevention of feeding by Mexican bean beetles, Epilachna 
varivestis Mulsant, with 100% inhibition of feeding occurring at concentrations 
around 0.01% for all three compounds. In the same study, azadiron, azadira- 
dion, 14-epoxyazadiradion, gedunin, nimbinen, 6-deacetylnimbinien, and meli- 
anone were effective deterrents at concentrations 10-100 times higher. Saxena 
and Rembold (1984) determined that the volatile component of neem seeds 
repelled adult female cotton bollworms, Heliothis armigera (Htibner), prior to 
contact, whereas neem seed oil was not repellent but did inhibit oviposition on 
contact. AZA neither repelled female moths nor deterred oviposition. 

In light of the large number and types of triterpenoids isolated from neem 
(e.g., Jones et al., 1989), deterrency of NSO likely results from the combined 
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activit ies o f  several  compounds .  It is l ikely that the numerous  volat i le  and non- 

volat i le  components  o f  n e e m  work  in concert ,  producing several  behavioral  

responses that differ in magni tude  be tween  insect  species.  

Persistence of Activity. Deter rency  o f  N S O  to C. fragaefolii persisted for 

at least four  days when  treated leaf  disks o f  s trawberry were  held  in a growth 

chamber  under  low light condi t ions  (Table 4). Al though  the regression l ine was 

not significant for bioassays conducted  three days after t reatment  (P = 0 .292) ,  

s lopes o f  the remaining  regression l ines did not  differ significantly for tests 

conducted  on days 0 - 4  (P > 0.05).  Es t imated ECso values  ranged f rom 1.2% 

N S O  (day 0 ) t o  1.9% (day 1). U n d e r  greenhouse  condi t ions,  deterrency o f  N S O  

1% and N S O  2% disappeared after 12 and 24 hr, respect ively  (Table 5). At  24 

TABLE 4. DETERRENCY OF NEEM SEED OIL (NSO) TO ADULT STRAWBERRY APHID, 
Chaetosiphon fragaefolii, FOR CHOICE BIOASSAYS BEGINNING 0-4 DAYS AFTER 

TREATMENT OF LEAF DISKS 

Day ECs0 (%NSO) Slope ___ SE " R 2 P 

0 1.2 -0.206 _ 0.027 0.950 0.001 
1 1.9 -0.123 _ 0.033 0.821 0.003 
2 1.7 -0.134 _ 0.010 0.983 0.001 
3 NS ~ 0.084 0.292 
4 1.6 -0.112 • 0.094 0.320 0.020 

Slopes of regression equations for proportions of aphids on NSO-treated leaf disks vs. [NSO] are 
not significantly different (P > 0.05, based on 95% confidence intervals). 

bRegression nonsignificant, P > 0.05. 

TABLE 5. DETERRENCE OF NEEM SEED OIL (NSO) TO ADULT STRAWBERRY APHID, 
Chaetosiphon fragaefolii, FOR LEAF DISK CHOICE BIOASSAYS BEGINNING 1-48 hr 

AFTER TREATMENT OF STRAWBERRY IN GREENHOUSE a 

Proportions of aphids on NSO-treated disks (SD) 

Treatment 0 hr 3 hr 6 hr 12 hr 24 hr 48 hr 

NSO 0.0% 0.47a 0.40a 0.42a 0.45a 0.47a 0.49a 
(0.09) (0.19) (0.07) (0.10) (0.11) (0.11) 

NSO 1.0% 0.30b 0.12b 0.18b 0.34ab 0.33a 0.47a 
(0.16) (0.11) (0.16) (0.12) (0.17) (0.15) 

NSO 2.0% 0.06c 0.21b 0.11b 0.27b 0.34a 0.45a 
(0.04) (0.13) (0.06) (0.18) (0.21) (0.09) 

"For each time interval, means followed by the same letter are not significantly different (P > 
0.05, Fisher's least significant difference test). 
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hr after treatment, fewer adult C. fragaefolii had settled on disks treated with 
NSO 1% or 2% compared with disks treated with emulsifier only, but the 
differences were not significant (P > 0.05). 

The elevated light intensity and wanner, drier conditions in the greenhouse 
likely accounts for the rapid loss of deterrency. The rapid decline in activity 
suggests that neem would have limited value for the prevention of aphid-trans- 
mitted plant viruses. Deterrency would likely decline even more rapidly under 
field conditions. 

As with many natural plant products, neem materials readily degrade in 
the environment (Bamby et al., 1989; Walter and Knauss, 1990). For example, 
feeding of fall armyworm on corn plants sprayed with 20-100 ppm AZA was 
significantly reduced for up to seven days when plants were held in the labo- 
ratory. After 72 hr in the field, however, AZA residues were no longer deterrent 
even at application rates as high as 600 ppm (Wood, 1990). 

CONCLUSION 

Neem extracts have been shown to repel and/or deter several homopteran 
pests, including leafhoppers and planthoppers on rice (Heyde et al., 1984; Sax- 
ena and Khan, 1985), sweet-potato whitefly on cotton (Coudriet et al., 1985), 
Asiatic citrus psyllid, Diaphorina citri, on citrus (Chiu, 1984), and A. pisum 
on broadbean (Hunter and Ullman, 1992). 

Systemic application of AZA reduced feeding of M. persicae on Nicotiana 
clevelandii Gray, but only at rates of 500-1000 ppm (Woodford et al., 1991). 
Similarly, West and Mordue (1992) showed that AZA applied to barley at 
concentrations exceeding 250 ppm reduced probing by R. padi and S. avenae 
for up to four days. However, Margosan-O contains approximately 3000 ppm 
AZA (Larson, 1989), and rates of 8-33 % would be required to effectively deter 
feeding of these species. Margosan-O is recommended at a rate of approximately 
1%, or 30 ppm AZA (Larson, 1989; Lindquist et al., 1990). 

According to Wood (1990), the commercial significance of the antifeedant 
activity of neem may be limited. Sensitivity of insects to AZA as an antifeedant 
appears to vary considerably between species; high concentrations are required 
to deter feeding by many species; and activity may be short-lived under field 
conditions. AZA does not appear to be a general inhibitor of insect feeding 
(Butte1~vorth and Morgan, 1971). Results from our trials with several species 
of aphids support these statements. At concentrations useful for the control of 
aphids in the field (..~ 1.0% NSO) (Lowery et al., 1993), NSO deterred only 
half the species tested and activity was rapidly lost following applications to 
plants in the greenhouse. 
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