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The effects of two different neem products (Parker OilTM and Neemas) on mortality, food consumption

and survival of the brown planthopper, Nilaparvata lugens Stål (BPH) (Homoptera: Delphacidae) were

investigated. The LC50 (3.45 ml/L for nymph and 4.42 ml/L for adult in Parker OilTM treatment; 4.18 ml/L

for nymph and 5.63 ml/L for adult in Neemas treatment) and LC90 (8.72 ml/L for nymph and 11.1 ml/L

for adult in Parker OilTM treatment; 9.84 ml/L for nymph and 13.07 ml/L for adult in Neemas treatment)

were identified by probit analysis. The LC90 (equal to recommended dose) was applied in the rice field.

The effective concentration of both Parker OilTM and Neemas took more than 48 h to kill 80% of the

N. lugens. Fourth instar nymph and adult female N. lugens were caged on rice plants and exposed to a

series (both LC50 and LC90) of neem concentrations. Nymph and adult female N. lugens that were

chronically exposed to neem pesticides showed immediate mortality after application in laboratory

experiment. The quantity of food ingested and assimilated by N. lugens on neem-treated rice plants was

significantly less than on control rice plants. The results clearly indicate the neem-based pesticide

(Parker OilTM and Neemas), containing low lethal concentration, can be used effectively to inhibit the

growth and survival of N. lugens.

& 2009 Elsevier Inc. All rights reserved.
1. Introduction

Rice is the world’s largest dietary crop and, especially in Asian
countries, rice is the most important food crop (Smil, 2005). The
brown planthopper, Nilaparvata lugens Stål (BPH), is one of the
major pests of rice (Sogawa, 1982). Damage to the rice crop is
caused directly by feeding on the phloem (Sogawa, 1982) and
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indirectly by transmitting plant viral diseases like grassy stunt
and wilted stunt viruses (Powell et al., 1995).

Control of N. lugens is mainly dependent on chemical
insecticides (Yoo et al., 2002). Although insecticides were useful
for controlling N. lugens, their constant use has reduced the
biological control efficacy, resulting in resurgence (Fabellar and
Heinrichs, 1984; Heinrichs, 1994), insecticide resistance and
environmental hazard (Alarm and Karim, 1986; Yoo et al., 1997;
Campiche et al., 2006). Many types of synthetic insecticides have
been used during the last five decades in rice fields to control the
hoppers but they did not fulfill the requirements for rice pest
management in Asia (Kiritani, 1979; Heinrichs, 1994; Tanaka et al.,
2000). Also, pesticides usually have a negative effect on the
N. lugens predators such as mirid bugs, dryinid wasps, Anagrus

parasitoids, Coccinella predators, and Miscrapis sp. (Tanaka et al.,
2000). The increasing amount of research on insect–plant
chemical interactions has unveiled the potential of utilizing
botanical insecticides in the form of secondary plant metabolites,
or allelochemicals (Kubo, 2006). Natural pesticidal products
have low toxicity to humans and natural enemies (Rahman
and Siddiqui, 2004). Botanicals (also referred to as botanical
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insecticides) are naturally occurring secondary metabolites
extracted from plants. Botanical insecticides break down very
quickly in the environment and do not accumulate in plant or
animal tissue (Jacobson, 1975; Saxena, 1987; Schmutterer, 1990;
Copping and Menn, 2000). Such materials have the potential to
enhance the management of N. lugens populations in the rice
ecosystem (Senthil-Nathan et al., 2007).

Plant families with insecticidal species include Asteraceae,
Cladophoraceae, Lamiaceae, Meliaceae, Oocystaceae, and
Rutaceae (Sukumar et al., 1991). Particular species of the plant
families Meliaceae and Rutaceae have attracted most of the
entomologists’ and phytochemists’ attention because they pro-
duce chemicals such as triterpenes (often referred to as limo-
noids) (Connolly, 1983). These substances affect pest insects by
various modes of action such as growth regulation and anti-
feedant activity (Senthil-Nathan et al., 2005a, b, 2006a, b). In the
Meliaceae family the neem tree is native to the Indian sub-
continent and grows in many countries of the world, including
subtropical countries such as Africa, Central and South America
and Australia (Schmutterer, 1990). During the last five decades,
considerable progress has been made regarding the biological
activity and medicinal applications of neem. Azadirachtin
(hereafter AZA), derived primarily from Azadirachta indica A. Juss
and Melia azedarach L. (Meliaceae), is the most promising
phytochemical for pest control (Athanassiou et al., 2005;
Senthil-Nathan et al., 2005a, b, 2008, 2009; Kavallieratos et al.,
2007). In addition to AZA, which is considered the primary active
principle, numerous other compounds in neem have insect
growth regulator effects (Schmutterer, 1990; Senthil-Nathan
et al., 2007).

Effects of neem preparations on beneficial arthropods are
generally considered to be minimal. Some laboratory and field
studies have found neem extracts to be compatible with biological
control (Goudegnon et al., 2000; Abudulai and Shepard, 2003;
Mitchell et al., 2004). For example, a commercial neem formula-
tion had no detrimental effect on Diadegma mollipla (Holmgren)
on Plutella xylostella (L.). (Akol et al., 2002), Opius concolor

Szeapligeti, an endoparasitoid, Chrysoperla carnea Stephens, or
Podisus maculiventris Say, a generalist predator (Vinuela et al.,
2000). Furthermore, azadirachtin-based insecticides can be used
as grain protectants as well where abiotic (i.e. formulation,
Fig. 1. Experimental site at Iksan w
temperature, RH) and biotic factors (i.e. target pest, commodity)
play an important role in their efficacy (Kontodimas et al., 2004;
Athanassiou et al., 2005; Kavallieratos et al., 2007). Control of
N. lugens in the field using neem-based pesticides is aimed at the
nymphal stage because the N. lugens is most susceptible in early
developmental stages (Saxena et al., 1984; Saxena and Khan,
1985).

Our objective is to determine the biological activity of the
two neem pesticides against the nymph and adult of N. lugens as
measured by mortality and food utilization parameters on foliar-
treated rice plants in field and laboratory experiments.
2. Materials and methods

2.1. Laboratory mass culture of N. lugens

A susceptible strain of N. lugens has been maintained for more than 10 years in

the laboratory of Honam Agricultural Research Institute, Rural Development

Administration (RDA), Iksan, South Korea, without any exposure to insecticide.

These insects were maintained on the cultivar ‘Taebaegbyeo’ (Oryza sativa L.)

seedlings (9–11 days after germination), in acrylic cages at 2771 1C, 40–60% RH,

and a photoperiod of 16:8 (L:D) h.

2.2. Bioassay

Ten fourth instar nymphs and ten adult female (1 day old) N. lugens were

transferred into an individual experimental cage (48 cm height and 34 cm width

with both sides covered with 20 cm2 mesh for aeration) containing two

Taebaegbyeo rice seedlings (15–18 days after germination). Two commercial

neem products (ParkerTM (Neem Korea-0.2% AZA) and Neemas (0.25% AZA)) were

purchased from Neem Korea Inc., Seoul, and Bicosys Inc. Daegu, Korea,

respectively. Each neem pesticide treatment (0.5, 1, 2.5 and 5 ml/L) was dissolved

in water with emulsifier, Triton X-100TM (Sigma Chemical, USA) (1%). Controls

received only water+Triton X-100 solution (1%). Two ml of test material solutions

was applied by a regulator-controlled spray applicator (Komex, Korea) (air/supply

pressure less than 24 psi; fluid/output pressure less than 87 psi) for each plant.

Forty nymphs and adult female/concentration were used for all the experiments

(10 insects with four replicates). Mortality was recorded every 12 h, final mortality

was recorded after 48 h.

2.3. Field experiments

The field experiments were conducted on 1 ha of rice at the one site in Honam

Research Institute, 3550600N & 12605500E Iksan, Republic of Korea (Fig. 1). Two
ith exclusion cages in position.
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(Parker OilTM and Neemas) pesticide treatments were used with three

replicates with five plots. Each plot had dimensions of 21.4 m (wide)�10.7 m

(length). The experiments were conducted with transplanted �40-day-old (DAP)

seedlings.

In each plot, three permanent cages (modified from Claridge et al., 2002)

(0.36 m�1.5 m) (Fig. 2) were used to enclose four plantations. Spacing between

plantations (hills) was approximately 20 cm. All arthropods inside the cages were

removed by careful inspection to make the cage as free as possible from natural

enemies. The experimental field cage-enclosures were made from iron frames and

measured 1.5 m high by 0.36 m square. All cages were roofed with a fine mesh

gauze, which extended 0.1 m down each side with a nylon mesh side zipper door.

The remaining sides were covered with appropriate mesh gauze. The cages were

set out in the field with the plastic skirt immersed in the paddy water and mud to

preclude entry of aerial predators and parasitoids from below. The cages were

infested for 1 week with 20 gravid female N. lugens. Neem pesticides were applied

once at 40 DAP. The neem formulations were applied at a rate of 2 L/ha with a hand

sprayer (Model-HDKS-2, Haechoung Machinery Co., Ltd., Korea). The neem

pesticides were sprayed during morning time. Observations on N. lugens (both

nymph and adult) were recorded by visual counting by using a convex lens as a

magnifier at intervals (24 h, 48 h, 4 days, 6 days and 9 days) on all caged hills in the

central area (2.5 m2) of each plot.
2.4. Ingestion and assimilation of food

To determine the quantity of food ingested and assimilated, newly emerged

females starved for 3 h were weighed individually on a microbalance (Sartorius,

CP2245). Each test insect was placed within an airtight parafilm sachet on the

stem of 25-day-old test plants. After 24 h, the weight of each female and its excreta

were recorded. Similarly control insects were individually weighed and were given

access to a wet cotton swab inside a parafilm sachet to prevent desiccation. The

amount of food ingested and assimilated by the insect was calculated as (Khan and

Saxena, 1985; Velusamy et al., 1995)

Food assimilated ¼W1�
C1� C2

C1
þW1�W2 (1)

where W1 is the initial weight of test insect, W2 the final weight of test

insect, C1 the initial weight of control insect and C2 the final weight of

control insect. Food ingested ¼ food assimilated+weight of excreta. There were

three replications for each treatment including the control. Each replicate was

composed of five females held individually in parafilm sachets on five different

plants.
1.5 m

0.75m

0.36m

Zipper

Fig. 2. Schematic diagram of field cage with frame measurements.
2.5. Statistical analysis

Data from food assimilation and ingestion were expressed as the mean of three

replications and normalized by arcsine-square root transformation of percentages.

The transformed percentages were subjected to analysis of variance (ANOVA).

Differences between the five treatments were determined by the Tukey–Kramer

HSD test (Pr0.05) (Snedecor and Cochran, 1989; SAS Institute, 2001). Mortality

was corrected using Abbott’s (1925) formula. The lethal concentrations (both LC50

and LC90) were calculated using probit analysis (Proc PROBIT) (Finney, 1971), and

values were expressed as mean7standard error (SEM) of three replicates.
3. Results

Ingestion of Neemas resulted in significant mortality of
nymphs (F ¼ 2949.78; d.f. ¼ 18; Po0.001) and adult females
(F ¼ 8898.14; d.f. ¼ 18; Po0.001) within 24 h after feeding was
initiated (Fig. 3). Results of the field study also demonstrate that
the neem pesticides were effective under field conditions for
control of N. lugens. The N. lugens nymphs and adult females
exposed more than 5 ml/L of Parker OilTM and Neemas, neem
pesticide showed 88% and 82% mortality, respectively (Fig. 4).
Daily mean percent mortality of the N. lugens in the control
remained below 10% for 24 h (F ¼ 12331.53; d.f. ¼ 11; Po0.001)
(Fig. 4). At an effective concentration of Parker OilTM, 40% of the
N. lugens died within 24 h, and the mortality increased to 82.5% by
48 h. At an effective concentration of Neemas, 37.5% of the larvae
died within 24 h and 70.5% by 48 h (F ¼ 273.68; d.f. ¼ 18;
Po0.001)(Fig. 4).

During the field experiment, the numbers of fourth instar
nymphs and adult female N. lugens in the beginning, on neem-
treated plots, were much lower than in the controls (Fig. 4). The
LC50 and LC90 values of neem products for the brown planthopper
nymph and adult female are shown in Fig. 5 and 6.

Neem pesticides on food utilization and mortality of the
N. lugens could be observed at the highest concentration (1 ml/L)
within 24 h and are significantly different from those of other
treatment doses (Po0.05). All treatments reduced the survival of
both adult and nymphal N. lugens. Lethal times for the N. lugens

nymphs and adults were concentration dependent. N. lugens adult
females and nymphs died sooner in treatments with higher
concentrations of neem pesticides than those with lower treat-
ment concentrations.

Results of the present study indicate that the feeding (food
ingested and assimilated) is significantly reduced in N. lugens

following neem pesticide application to rice foliage (Tables 1
and 2). Data of Tables 1 and 2 show a negative effect on the
food intake and consumption of adult female insects. The
calculated values of food utilization parameters were less than
those of control larvae and decreased gradually as the neem
pesticides’ concentration level was increased. For example, the
food assimilated by the control adult female N. lugens was
1.31 mg/day and decreased to 0.976 mg/day with 1 ml/L
treatment of Parker OilTM (F ¼ 2984.56; d.f. ¼ 11; Po0.001). Also
the food assimilated by the control adult female N. lugens was 1.
250 mg/day and decreased to 1.082 mg/day with 1 ml/L treatment
of Neemas and was further reduced to 0.857 in 2.5 ml/L
concentration of the same treatment (F ¼ 18333.20; d.f. ¼ 11;
Po0.001). The food ingested by the control female adult insects
was 32.46 mg/day and decreased to 24.66 mg/day with 1 ml/L
treatment of Neemas and was further reduced to 11.28 in. 5 ml/L
concentration (F ¼ 23953.02; d.f. ¼ 11; Po0.001). The food
ingested by the control female adult insects was 31.66 mg/day
and decreased to 16.96 mg/day with 2.5 ml/L treatment of Parker
OilTM and was further reduced to 10.43 in 5 ml/L concentration
of the same treatment (F ¼ 8577.29; d.f. ¼ 11; Po0.001). The
highest ingestion and assimilation were recorded in the control.
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The results also showed that the food ingestion and assimilation
were significantly reduced for both neem product treatments.
4. Discussion

The effects of neem derivatives including azadirachtin have
already been assayed on several rice insect pests of different
classes to evaluate them in rice pest management programs
including the small rice stinkbug, Oebalus poecilus (Dallas)
(Sutherland et al., 2002), rice leaffolder, Cnaphalocrocis medinalis
Guenée (Saxena et al., 1981; Senthil-Nathan et al., 2005a, b), the
BPH, N. lugens (Saxena and Khan, 1985; Senthil-Nathan et al.,
2007), green rice leafhopper (GRL), Nephotettix virescens Distant
(Saxena et al., 1987), rice thrips, Stenchaetothrips biformis Bagnall
(Pillai and Pooniah, 1988), paddy armyworm, Spodoptera mauritia

acronyctoides Guenée (Jagannadh and Nair, 1992), white planthop-
per (WBH) Sogatella furcifera Horvath and rice bug Leptocorisa

oratorius Fabr. (Heyde et al., 1984) Rhyzopertha dominica (F.),
Sitophilus oryzae (L.), Tribolium confusum Jacquelin du Val
(Kontodimas et al., 2004; Athanassiou et al., 2005; Kavallieratos
et al., 2007). However, insufficient work has been conducted
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Table 1

Food assimilation of adult female BPH after treatment with Parker OilTM and

Neemas.

Sample Food assimilated/female/24 h (mg)

1 ml/L 2.5 ml/L 5 ml/L Control

Neemas 1.08270.0061b 0.85770.0040c 0.43370.0070d 1.25070.0200a

Parker OilTM 0.97670.0050b 0.76970.0060c 0.35170.0045d 1.31870.0050a

Mean (7SD) followed by the same letters in a row indicate no significant

difference (Pr0.05) according to the Tukey test.

Table 2

Food ingestion of adult female BPH after treatment with Parker OilTM and Neemas.

Sample Food ingested/female/24 h (mg)

1 ml/L 2.5 ml/L 5 ml/L Control

Neemas 24.6670.208b 19.0970.060c 11.3870.025d 32.4670.252a

Parker OilTM 22.8070.045b 16.9670.136c 10.4370.586d 31.6670.208a

Mean (7SD) followed by the same letters in a row indicate no significant

difference (Pr0.05) according to the Tukey test.
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regarding insecticidal effects of neem on important Hemipteran
pests. Most of these studies were concentrated on the antifeedant
action of neem on Heteropteran pests (Durmusoglu et al., 2003).
Therefore, studies on the competence of neem products have
become obligatory to identify its prospective impact on the
N. lugens.

The active principles in neem constitute an array of complex
limonoids that have diverse behavioral and physiological effects
against a variety of insect pests (Schmutterer, 1990). Neem and its
derivatives work as systemic insecticides; it is absorbed into the
plant and carried throughout the tissues to be ingested by insects
when they feed on the plant. This may make it effective against
phloem feeders like N. lugens (Heyde et al., 1984; Senthil-Nathan
et al., 2008). Unlike other synthetic or chemical pesticides, the
possibility of a pest species developing resistance to a complex
chemical is not possible (Jilani and Sexena, 1990).

N. lugens responses such as food intake, assimilation of
ingested food, and growth and development were inhibited in
all neem treatments especially at doses over 2.5 ml/L. Adverse
effects of neem-treated rice plant on N. lugens responses and
mortality have been reported earlier by Heyde et al. (1984),
Saxena and Khan (1985) and Senthil-Nathan et al. (2007) but
apparently this is the first study on commercial neem insecticides
against N. lugens with dose recommendation.

Previous studies have shown that neem and AZA cause feeding
deterrence in many Hemipteran insect species. Nymphal and
adult insects are inhibited from feeding on neem-treated plant
parts (Heyde et al., 1984; Tuncer and Niazee, 1998; Durmusoglu et
al., 2003). The feeding inhibition and mortality effects depend on
the neem concentration and the stage of insect species tested
(Heyde et al., 1984; Athanassiou et al., 2005; Kavallieratos et al.,
2007; Senthil-Nathan et al., 2007). Results from this study suggest
that an emulsifiable concentrate neem product at a low
concentration (0.5 ml/L) does not cause significant mortality on
the N. lugens nymphs and adults, but high mortality was observed
at concentrations of 2.5 and 5 ml/L.

Feeding reduction (ingestion and assimilation) in N. lugens and
adult females that were exposed to neem products (Parker OilTM

and Neemas) is probably useful in rice ecosystems. Some
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researchers have found neem extracts to be compatible with
natural enemies (Hoelmer et al., 1990; Goudegnon et al., 2000;
Abudulai and Shepard, 2003). Saxena and Khan (1985) found that
N. lugens is very sensitive to neem oil. But so far, no studies have
been conducted for commercial neem insecticides against
N. lugens, especially for nutritional indices. Concentration-depen-
dent mortality and reduction in food intake were evident.
Neem causes reduced food intake in the N. lugens; however, its
potential is affected by the rate and frequency of application
(Senthil-Nathan et al., 2007).

Results from this research work and previously published
work (Senthil-Nathan et al., 2007) clearly indicate the capability
of neem pesticides in controlling N. lugens. Parker OilTM and
Neemas cause both mortality and feeding inhibition of nymphs
and adult females of N. lugens. At a concentration of 5 ml/L,
nymphs and adult females died immediately after foliar applica-
tion. The strong sublethal effects on N. lugens at low concentra-
tions decrease their food consumption (digestion and
assimilation). The same effect was observed in Neemixs-treated
sawfly Neodiprion abietis Harris (Li et al., 2003). Our studies show
that the neem pesticides are effective against N. lugens adult
females and nymphs. According to these results, the neem-based
pesticide may be a good candidate for the control of N. lugens.
A significant advantage in the use of neem-based insecticides for
N. lugens control would be the decreased reliance on conventional
synthetic insecticides.
5. Conclusion

To conclude, both neem pesticides (Parker OilTM and Neemas)
inhibited the survival of nymph and adult female N. lugens. Results
from nutritional indices and field experiments suggest that the
neem pesticides directly affect the survival and food intake of
N. lugens. Our laboratory and field experiment observations
support this hypothesis. Utilization of neem-based pesticides
early in the rice-growing season when young nymphs are the
predominant life stage would provide effective control and,
due to their minimal effects on natural enemies, reduce the
resurgence problem seen when insecticides are used early in the
rice-growing season.
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