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Nilaparvata lugens, brown planthopper is an important rice pest that destroys
rice by feeding on the plant sap and causing a condition known as ‘hopper
burn’, where the plants are completely wilted, yellow and dried. The constant
use of chemical substances had built the resistance of pests toward chemical
insecticide. As an alternative, a more environmentally-friendly approach such
as the use of biopesticide should be implemented. Biopesticide formulation
which combined more than one active ingredient to produce joint toxicity effect
has gaining attention lately for its effectiveness. Thus, this study aims to
determine the synergism effect of Piper sarmentosum and Azadirachta indica
against N. lugens. Piper sarmentosum is a common herb used in cooking while
A. indica is known for its medicinal properties. Bioassay of the extracts against
N. lugens nymphs showed a synergistic effect from treatments T6, T7 and T9,
with mixture ratio of P. sarmentosum to A. indica at 6:4, 7:3 and 9:1. T9 caused
highest nymph mortality after 72 hours treatment. Emulsion formulations were
developed by mixing 5 % extracts combination from T6, T7 and T9 with 14.25
% carrier oil (Edenor), 76 % surfactant (Tween 80 and Termul 1284), and 4.75
% water. Six formulations coded as F1, F2, F3, F4, F5 and F6 had been
developed. Characterization, including stability, particle size, zeta potential, PDI
value, pH, and viscosity analysis, resulted in ideal nano emulsion size ranged
from 202.5 to 635.9 nm. Stability and thermostability tests that were performed
and successfully produced stable and homogenous nano emulsion. F4 can be
selected as the best formulation because it has the best zeta potential (-65.0
mV) and viscosity value (67.2 mPa/s), the size is in nano emulsion size range
(415.3 nm), remained homogenous for centrifugation and stability test, PDI
value indicated it is in ideal monodisperse phase (0.418), low surface tension
(35.2 mN/m) and low pH (4.0). The formulations were then used in nymph
mortality bioassay test on third instar N. lugens nymphs to evaluate the
formulation's efficacy against N. lugens. The lethal concentration, LCsp and sub
lethal, LC10 and LC2s were determined from bioassay. LCso can control at least
half of the treated population, while LC10 and LC2s can control 10% and 25% of



population. Highest mortality can be seen on F2 (0.043 mg/l) and the lowest
was F5 (0.117 mg/l). The value of lethal and sub lethal concentration were
used in a test against female N. lugens to determine the effect of formulations
on fecundity of N. lugens. There are significant differences on the number of
eggs produced after treatments. F4 at LCso was found to cause most effective
effect as it produced the least number of eggs produced, 114 eggs. In
conclusion, stable formulation can be developed following the current results
and findings. These will lead to the synergism efficacy of A. indica and P.
sarmentosum against N. lugens through emulsion formulations as joint toxicity
could have a better potency in controlling pests, compared to individual active
ingredient.
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Nilaparvata lugens, bena perang merupakan perosak padi penting yang
memusnahkan padi dengan memakan getah tanaman dan menyebabkan
keadaan dikenali sebagai ‘hopper burn', di mana tumbuhan menjadi sangat
layu, menguning dan kering. Penggunaan bahan kimia yang berterusan telah
menyebabkan kerintangan perosak terhadap racun serangga kimia. Sebagai
alternatif, pendekatan yang lebih mesra alam seperti penggunaan biopestisid
perlu dilaksanakan. Formulasi biopestisid yang menggabungkan lebih daripada
satu bahan aktif untuk menghasilkan kesan gabungan toksik telah mendapat
perhatian ketika ini kerana keberkesanannya. Justeru, kajian ini bertujuan
untuk menentukan kesan sinergisma Piper sarmentosum dan Azadirachta
indica terhadap N. lugens. Piper sarmentosum ialah herba yang biasa
digunakan dalam masakan manakala A. indica terkenal dengan khasiat
perubatannya. Bioassai ekstrak terhadap nimfa N. lugens menunjukkan kesan
sinergistik daripada rawatan T6, T7 dan T9, dengan nisbah campuran P.
sarmentosum kepada A. indica pada 6:4, 7:3 dan 9:1. T9 menyebabkan
kematian nimfa tertinggi selepas 72 jam rawatan. Formulasi emulsi telah
dihasilkan dengan mencampurkan 5% ekstrak daripada kombinasi ekstrak T6,
T7 dan T9 dengan 14.25% minyak, 76% surfaktan dan 4.75% air. Enam
formulasi berjaya dihasilkan dengan kod F1, F2, F3, F4, F5 dan F6. Pencirian
termasuk kestabilan, saiz zarah, potensi zeta, nilai PDI, pH dan analisis
kelikatan telah dilakukan dan menghasilkan saiz emulsi nano yang ideal
dengan julat 202.5 nm hingga 635.9 nm. Ujian kestabilan dan kestabilan suhu
dilakukan dan berjaya menghasilkan emulsi nano yang stabil dan homogen. F4
menunjukan formulasi terbaik kerana mempunyai nilai potensi zeta terbaik (-
65.0 mV) dan nilai kelikatan (67.2 mPa/s), berada dalam julat saiz emulsi nano
(415.3 nm), kekal stabil selepas ujian kestabilan dan kestabilan suhu, nilai PDI
menunjukkan ia berada dalam fasa penyebaran mono (0.418), ketegangan
permukaan yang rendah (35.2 mN/m) dan pH yang rendah (4.0). Bioassai
formulasi terhadap nimfa N. lugens instar ketiga telah dijalankan untuk menilai
keberkesanan formulasi terhadap N. lugens. Kepekatan maut, LCso dan



kepekatan separa maut, LCi0 dan LCszs ditentukan daripada bioassai. LCso
boleh mengawal sekurang-kurangnya separuh daripada populasi yang dirawat,
manakala LCi0 dan LCzs boleh mengawal 10% dan 25% daripada populasi.
Kematian tertinggi boleh dilihat pada F2 (0.043 mg/l) dan paling rendah pada
F5 (0.117 mg/l). Nilai konsentrasi maut dan separa maut digunakan untuk
menilai kesuburan N. lugens betina. Terdapat perbezaan ketara terhadap
bilangan telur yang dihasilkan selepas rawatan. F4 pada LCso menunjukkan
kesan paling efektif kerana menyebabkan penghasilan telur yang paling sedikit,
114 telur. Kesimpulannya, formulasi yang stabil boleh dihasilkan berdasarkan
keputusan dan penemuan kajian. Ini membuktikan keberkesanan sinergi A.
indica dan P. sarmentosum terhadap N. lugens melalui formulasi emulsi kerana
ketoksikan gabungan mempunyai potensi yang lebih baik dalam mengawal
perosak, berbanding dengan bahan aktif individu.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Brown planthopper (BPH), Nilaparvata lugens is an important rice pest in East
and Southeast Asia especially in temperate and tropical regions (Hu et. al.,
2014). Nilaparvata lugens caused massive damage on rice crop by directly
feeding on the plant phloem which leads to browning, drying and wilting of the
plant (Tang et al., 2010). According to Catindig et al. (2010), infestation of N.
lugens in Malaysia is not as serious compared to other Asian countries
because the highest area damaged by N. lugens in 2002 was only 7,259
hectares and the lowest was 3,708 hectares in 1999.

The most used control method of N. lugens is by using chemical control but
over the last decades N. lugens was found to build resistance against chemical
pesticide (Datta et al., 2021). The high level of resistance to imidacloprid
resulted in chemical control failure and great yield loss in 2005 (Wang et. al.,
2008). The constant and unsystematic use of one insecticide has resulted in
the quick development of insecticide resistance and exhaustion of most
insecticide alternative in many rice-growing country (Chen et al., 2013).
Therefore, it is important to explore other alternatives to control N. lugens.

Biopesticides are natural substances that biologically affect insect pests but
cause no harm to natural ecosystem (Sporleder and Lacey, 2013; Meshram et
al., 2022). One of biopesticide class is biochemical biopesticides, the naturally
occurring compounds that possess active ingredients which control pest and
safe toward target pest, environment and humans. Examples are essential oil,
insect growth regulators, natural minerals and plant extracts (Fenibo et al.,
2021).

Piper sarmentosum, also called wild betel or in Malay name known as ‘kaduk’,
is plant from order Piperales and family Piperaceae (Maizatul and Nor
Farahiyah, 2018). It is a perennial herb that have a creeping rhizome and
striped stem that grow up to 40cm. The heart-shaped and alternate leaves are
light to dark green in colour with a waxy surface (Sharifah Farhanah et al.,
2016). It can be found in tropical areas of Southeast Asia, Northeast India and
South China. A study by Hematpoor et al. (2017) had suggested insecticidal
activity  of P. sarmentosum extracts ~ compound, trans-asarone,
against Sitophilus oryzae, Rhyzopertha dominica and Plodia interpunctella, as
it showed consistent toxicity towards these insects throughout the 60 days of
observation.



Azadirachta indica also known as neem is an evergreen plant from order
Sapindales and family Meliaceae, the most common medicinal plants that has
got worldwide attention because of its medicinal and insecticidal properties
(Sonal and Pankaj, 2014). Azadirachta indica usually grows up to 12 to 15
metres with tall and straight trunk and long spreading branches forming a broad
round crown; it has rough dark brown bark with wide longitudinal fissures
separated by flat ridges. Its leaves are compound that alternates with one
another. The leaves are pinnate with short petioles, each comprising 5 to 15
leaflets and have many flowered panicles, usually in the leaf axils (Hashmat et
al.,, 2012). The flower are protandrous, white and have a pleasant fragrance.
Azadirachta indica exert an insecticidal effect on Crocidolomia binotalis larvae
through antifeedant behaviour and suppression of growth (Teck et al., 2003).
According to Abdullah et al. (2015), neem seeds extract can reduce the
number of green leafhoppers, brown planthopper, yellow stem borer and rice-
ear bug on rice plant.

There are many plant species that are known for its toxic properties in
managing pest and have the potential to be developed into biopesticide
products (Stevenson et al., 2017 in Tembo et al., 2018). Thus, this research
was carried out to determine whether crude extract emulsion formulation
derived from A. indica and P. sarmentosum have the potency to cause
mortality and affect the fecundity of N. lugens.

1.2 Objectives

The objectives of this research are:

e To determine the synergistic effect of a mixture of A. indica and P.
sarmentosum extract against N. lugens.

e To prepare emulsion formulation of A. indica and P. sarmentosum
combination extract and their physical characterization

e To evaluate the insecticidal effect of the A. indica and P. sarmentosum
emulsion formulations on fecundity of N. lugens.
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