JPIT 7 (1) (2018) 1-8

Jurnal Pendidikan IPA Indonesia

http://journal.unnes.ac.id/index.php/jpii

CONTROL PEST OF LEAF CATERPILLARS (Plutella xylostella)
IN DELIMA ROSE APPLES USING
SOURSOP LEAF EXTRACT (Annona muricata)

A. V. Amalia*' and M. H. Yusa?

'Department of Integrated Science, FMIPA, State University of Semarang
?Technische Universitdt Berlin, Germany

DOI: 10.15294/jpii.v7i1.12484
Accepted: December 27", 2017. Approved: February 15%, 2018. Published: March 19", 2018
ABSTRACT

The increasing of pesticide use is in line with the increasing number of pest populations. However, the use of
pesticides causes various negative impacts on the environment (soil, water, and air) such as pesticide-resistant
pests, perishing of useful insects which are non-target pesticides, and the use of pesticide which can even lead to
poisoning and death in humans. One of the environmentally-safe techniques to control pests is chemical, by the
use soursop leaf extract. This study aims to determine the most effective concentration of soursop leaf extract
(Annona muricata) in controlling leaf caterpillar (Plutella xylostella) in delima rose apples. The research was carried
out in the plantation area of rose apples in tempuran village, Demak. The research method employed experi-
mental research. The study was conducted using Completely Randomized Design. The data were obtained using
probit analysis of LC,. The most effective concentration of soursop extract (Annona muricata) on leaf caterpillars’
mortality was 75 ppm. Soursop leaf extract (Annona muricata) has been proven to influence rose apples leaf cater-
pillars’ mortality index. The LC, value of soursop leaf extract was 75,16 mg/L. The result showed that soursop
leaf extract (Annona muricata) is effective as a biopesticide material to control leaf caterpillar pest for delima rose
apples.
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INTRODUCTION

The cultivation of rose apple plants was
commonly developed by the people of Demak.
Rose apple is one of the potential local fruit com-
modities. Rose apples that grow in Southeast
Asia comes from the Java island and is known as
‘Javanese Apple’ (Morton, 1987, Zen-hong, et al.
2007) which is quite special because it has a big
fruit shape and sweet taste (Morton, 1987; Ha-
riyanto, 1991). The varieties of rose apple grown
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in Demak are delima and citra. Those varieties
have been recognized nationally as the special
and superior rose apples from Demak regency. Its
attractive pink color, which indicates sweetness,
as well as its own delicious aroma with a gentle
tenderness of delima rose apples that always ma-
kes people addicted to eating it continuously. De-
lima rose apples are not as big as citra rose apples,
but delima rose apple is more delicate, has a more
distinctive aroma, and always causes a soft sensa-
tion when biting

However, due to the lack of serious han-
dling from local government and fruit farmers,
the products of delima rose apples experience a
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decreasing trend from year to year. The decline in
the production of delima rose apples is likely due
to the size of land, the amount of fertilizer, pests
and working days. One of the most common cau-
ses of crop failure is pest attack. The main pests
in the cultivation of rose apple plants are leaf rol-
ler (Apoderus sp.), leaf borer (Acrocercopseugeniel-
la), white lice (Pseudococcuscitrilus Cox) and fruit
fly (Bractoceraalbistrigata). Leaf caterpillar attacks
the rose apple plants and it often decreases crop
productivity. One of the preventions of pests is
by using chemicals or synthetic pesticides. Pest
control currently used by farmers still prioritizes
chemical control with synthetic chemical pesti-
cides both in dry and paddy fields periodically
between 7 to 15 days depending on the conditi-
on of the attack. Initially, synthesis pesticides are
considered to have several advantages. The use of
synthetic pesticides has a negative impact on the
environment even for its own users. Excessive use
of chemical pesticides has a negative impact on
the environment and people (Salaki et al., 2012;
Li & Zhihui, 2008; Mamun & Ahmed, 2013).

Some of the negative impacts of pesticide
use include pesticide-resistant pests, higher main-
tenance costs due to high prices of pesticides and
excessive use which results in toxic to the envi-
ronment, humans, and livestock (Khairil, 2017,
Zarin et al, 2009; Bardin et al, 2008; Araar et al.,
2009). One alternative in the prevention of pests
that is safe for the environment and human can be
done with biological control technique called bio-
pesticide. The biopesticide is an integrated com-
ponent of pest and disease control. In Indonesia,
biopesticides are still less popular, the knowledge
of biopesticides is equated with organic farming,
whereas technology is widely available (Sumarti-
ni, 2017). Biopesticide by using soursop leaf ex-
tract (Annona muricata) is expected to eradicate
pests in a safe and environmentally friendly way
(Prado et al, 2014; Ribeiro et al, 2014). The con-
tent of plant compounds can show various kinds
of biological activity in insects such as inhibiti-
on/rejection of food, spanking rejection activity,
growth and development inhibitory activity, and
death effect. Therefore, these biopesticides can
be used to control plant pest organism (Hasnah,
2009).

The application of extracts to inhibit the
growth of pests has also been done in previous
research such as garlic plant extracts to cope with
snail pests (Rusdy, 2010); papaya leaf extract to

inhibit plant pests (Setyawati & Julaily., 2013),
inhibit larvae of Plutella xylostella (Siahaya &
Rumthe, 2014; Yuliani & Kuswanti, 2013); et-
hanol extract of melinjo leaves (Moniharapon
& Moniharapon, 2014); dan jengkol rind extract
(Ambarningrum et al., 2011).

The toxic properties of plant compounds
on insects may be in the form of antifeedants,
repellent, cause death, inhibit spawning, interfe-
re with development and reproduction (Princess,
2014). Active chemical compounds in the form
of acetogenin contained in the leaves and seeds
of soursop can be used to control the trips attack,
suppress the intensity of the attack of green la-
dybugs and reduce the population. Acetogenin
is also insecticidal (anti-insect-worm) and anti-
feeding or lowering appetite (Maryani, 1995).
Therefore, it is necessary to investigate the effec-
tiveness of bioactive compounds from soursop
leaf extract whether or not it is able to inhibit the
development of caterpillar leaves on delima rose
apples.

METHODS

This research was conducted in the biology
laboratory of FMIPA UNNES and the plantati-
on area of delima rose apple plants in Demak.
The selected approach to achieve the research ob-
jectives was through experimental studies. This
experimental study used an independent variab-
le of dead leaf caterpillar (Apoderus sp.), and a
dependent variable of soursop leaf extract with
various concentrations. The data were obtained
by determining the value of LC, through Probit
analysis technique to know if there is a mortality
difference of each treatment and find out low, ef-
ficient and environmentally friendly soursop leaf
concentration.

RESULTS AND DISCUSSION

Mortality is a major change observed in
the toxicity test. Animal mortality data were re-
quired to determine the LD, value. Observation
on leaf caterpillar mortality was done in 24 hours
with an interval of 8 hours. Test of leaf caterpillar
mortality was performed on 5 treatment groups
with 5 replications. Each treatment was given 100
leaf caterpillars. The dead leaf caterpillars were
calculated to find out the average of leaf caterpil-
lar mortality index (table 1).
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Table 1. Average of Leaf Caterpillar Mortality Index

Result of

Concentra-  Repeti- Total of . Average of Caterpillar
Treatment tion Log tion Caterpillar Caterp 11.1ar Mortality Index
Mortality

1 20 4
2 20 1

PO 0 3 20 3 2,6
4 20 3
5 20 2
1 20 10
2 20 13

P1 1,40 3 20 15 13,2
4 20 15
5 20 13
1 20 16
2 20 17

P2 1,70 3 20 16 16,4
4 20 17
5 20 16
1 20 17
2 20 19

P3 1,88 3 20 19 18,6
4 20 20
5 20 18
1 20 20
2 20 20

P4 2,00 3 20 19 19,4
4 20 20
5 20 18

Information:

PO = Negative Control (without treatament)

P1 = Soursop Leaf Extract of 25 ppm Concentration
P2 = Soursop Leaf Extract of 50 ppm Concentration
P3 = Soursop Leaf Extract of 75 ppm Concentration
P4 = Soursop Leaf Extract of 100 ppm Concentration

Based on table 1, it can be seen that cater-
pillar mortality is increasing as the concentration
increases. The highest mortality at P4 treatment
was followed by P3, P2, P1 and PO treatment.
At P1 treatment (soursop leaf extract of 25 ppm
concentration), the average leaf caterpillar mor-
tality index reached 13.2. At P2 treatment (sour-
sop leaf extract of 50 ppm concentration), the
average of caterpillar mortality index was 16.4.
At P3 treatment (soursop leaf extract of 75 ppm
concentration), the average of caterpillar morta-
lity index was 18.6. While at P4 treatment (sour-
sop leaf extract of 100 ppm concentration), the
average of caterpillar mortality index was 19.4.
This means that the higher concentration of

soursop leaf extract, the higher the rate of pest’s
death. This is due to the fact that soursop leaf ex-
tract contains annonaceous acetogenin compounds
that could cause various effects on the growth
and development of insects, among others: (1)
inhibiting the development of egg, larva or pupa;
(2) blocking the skin-changing process during the
larval stage; (3) disrupting to the mating process;
(4) eating rejection in larvae and adults; (5) pre-
venting laying eggs; (6) making barren insects; (7)
poisoning larvae and mature insects. The utili-
zation of soursop is effective, seen from the fact
that the higher the dose of soursop leaf extract
is used, the higher the rate of caterpillars’ death.
According to the average of leaf caterpillar mor-
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tality index presented above, then the probit ana- result of soursop leaf extract on leaf caterpillar
lysis could be done as a follow-up. Probit analysis can be seen in table 2.

Table 2. Probit Analysis Result

% Corrected Average of Corrected

Treatment % Mortality Mortality Mortality Probit Value

20 0
5 0

PO 15 0 0 0
15 0
10 0
50 31,25
65 60,61

P1 75 61,86 6,25 4,36
75 61,86
65 56,12
80 33,33
85 22,99

P2 80 5,88 6,67 5,41
85 11,76
80 17,24
85 5,95
95 12,05

P3 95 17,86 1,19 3,77
100 18,07
90 11,90
100 18,07
100 6,17

P4 95 0,00 3,61 5,33
100 0,00
90 0,00

The above table shows that the higher the ship between the caterpillar probit mortality and
concentration given to the leaf caterpillar, the concentration log of soursop leaf extract as seen
higher the probit value. The probit value of each in figure 1.
treatment can be used to determine the relation-

Relationship hetween soursop leaf extract
concentration and leaf caterpillar mortality

v=2544x+ 0,2867_#
R® = 0866
.’.

2 / i Se rie 51
1 / Linear [Series1)

Q T T T T 1
0 0,5 1 1,5 2 25

probit of mortality
P

logl0 soursop leaf extract concentration

Figure 1. Relationship between Caterpillars’ Probit Mortality and Concentration Log of Soursop
Leaf Extract
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The linear regression equation of Y =
2.544 X + 0.226 from figure 1 was employed to
find the value of LC, . The value of Y shows the
probit value of death (mortality) of the caterpillar
and X is the concentration log of soursop leaf ex-
tract. The results of the research obtained in table
2 then were tested statistically by ANOVA (Ana-

lysis of Variance) test which then continued with
further Duncan test. The ANOVA test was used
to find out the mean difference between two va-
riation sources, namely the treatment group and
the leaf caterpillar mortality group. The results of
ANOVA test are as follows:

Table 3. Summary of ANOVA Result on Leaf Caterpillar Mortality

Variation source Sum of Squares df Mean Square F Sig.
Between Groups 933.360 4 233.340 147.684 .000
Within Groups 31.600 20 1.580
Total 964.960 24
Information:

F Count <F 5% = Not significantly different (TN)
F 5% <F Count <F 1% = Real Different (*)
F Count> F 1% = Very Real Different (**)

The value of F Count was 147,684, bigger
than F of 5% (2,87). Thus, it can be conclu-
ded that there was a very real difference between
the treatments. After the ANOVA test was done,
further Duncan test was carried out to compare
the treatments. Since the dose groups had signi-

ficant differences, these groups were tested using
Duncan test. In addition, Duncan test aimed to
know difference test of each treatment. To find
out the treatments having the same effect, please
see table 4 below.

Table 4. Leaf Caterpillar Mortality Result from Duncan test

Subset for alpha = 0.05

Concentration N
1 2 3 4
0 5 2.6000
25 5 13.2000
50 5 16.4000
75 5 18.6000
100 5 19.4000
Sig. 1.000 1.000 1.000 .326

Means for groups in homogeneous subsets are displayed.

According to table 4, it can be seen that PO,
P1, P2, P3, and P4 treatment have significant dif-
ferences among the treatment groups. This shows
that there was an influence of soursop leaf ex-
tract (Annona muricata) to leaf caterpillar mortali-
ty index of delima rose apples.

The application of agricultural systems by
combining the technology of biopesticide and
biological fertilizers has the prospect of increa-
sing land supporting capacity, optimizing the use
of fertilizers and suppressing soil infectious dise-
ases (Prabowo, 2008). The effect of soursop leaf

extract has also been tested to overcome Spodop-
teralitura pests with low concentration (8%). The
effectiveness test of soursop leaf extract (4dnnona
muricata) on the mortality of leaf caterpillars in
rose apples plants studied in this study was an
initial effort to obtain environmentally friend-
ly biopesticide to manage pathogenic disease in
the field. Soursop leaf extract (Annona muricata)
is known to have anti-insect properties and have
toxicity. An examination of soursop leaf extract
as biopesticide to mortality of peach leaf lice in
chili plants has also been studied (Dwi, 2016);
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caterpillars and grasshoppers in long bean plants
(Khairil, 2017); the pest of the pearls in the rice
plant (San, 2016); and the pest of soybean pow-
der (Harinta et al., 2016).

Soursop leaf extract (Annona muricata) sho-
wed high activity effect of mortality. The value
obtained was high enough for inhibiting mor-
tality on leaf caterpillar pests, because soursop
leaves have the toxic compounds. The bioactive
compounds found in soursop are annonaceous
acetogenin. These compounds are found in seeds,
bark, fruit and soursop leaves. In soursop leaf,
there have been found 18 types of acetogenin and
they have been proven in vitro as cytotoxic. Bio-
pesticide compounds are expected to have high
activity against certain target organisms, in other
words, they have a narrow spectrum. Oppositely,
the natural predators are hopefully less affected.
These compounds are toxic to pest organisms
but they do not have any adverse environmen-
tal effects and are harmless to humans. Aceto-
genin compounds have the peculiarity of being
contactual poison against pest organisms. Toxic
compounds could kill pests quickly (Koleva et al,
2013; do Prado et al., 2014; Riberio et al, 2014;
Souza et al., 2017). The chemical compounds
in soursop leaves which have contractual poison
properties are expected to prevent/control pest
of leaf caterpillars in rose apple plants instead
of using chemical compounds. The use of water
as a solvent for extracting soursop leaves is very
appropriate because water is easy to obtain and
safe to use.

In the treatment of P1 (soursop leaf ex-
tract of 25 ppm concentration), the average of
corrected mortality was 6.25. In P2 treatment
(soursop leaf extract of 50 ppm concentration),
the average of corrected mortality was 6.67. In
P3 treatment (soursop leaf extract of 75 ppm
concentration), the average of corrected mortali-
ty was 1.19. In P4 treatment (soursop leaf extract
of 100 ppm concentration), the average of cor-
rected mortality was 3.61. In PO treatment (nega-
tive control), the average of corrected mortality
was 0. It can determine the probit value of each
treatment. Probit value was used to determine the
value of LC,. The calculation results obtained
the LC, value of 75.16 mg/L (75.16 ppm). The
correlation between log concentration of soursop
leaf extract and caterpillar mortality was shown
at R? value of 0.866. The value of R?shows that
the effect of soursop leaf extract was very signi-
ficant to eradicate leaf caterpillars (pests) of deli-
ma rose apples. This is in line with the Meyer et
al. (1982) who reported that an extract showed

toxic activity if it could cause 50% of animals’
mortality at a concentration of less than 1000
ppm. Based on the statement, the soursop leaf
extract is declared toxic.

The results of the analysis of variance sho-
wed that among the treatment groups, the results
appeared to be very various in terms of the mor-
tality of the caterpillar. Therefore, it is necessary
to conduct further Duncan test to know the diffe-
rence between each treatment group. Given the
soursop leaves extract of 75 ppm and 100 ppm
concentration showed no significant difference,
and given the soursop leaf extract of 25 ppm
concentration was significantly different with
the extract of 50 ppm concentration. Moreover,
the soursop leaf extract at 50 ppm concentrati-
on was significantly different at 75 ppm and 100
ppm concentration. This evidence showed that
the giving of soursop leaf extract of 75 ppm con-
centration is effective, efficient and cheap to era-
dicate caterpillars. Treatment of 0 ppm (without
treatment) showed the lowest mortality index of
caterpillar among all treatments. This indicated
that without the addition of soursop leaf extract,
leaf caterpillar of delima rose apples could not be
eradicated.

CONCLUSION

Based on the research result of the effecti-
veness of soursop leaf extract (Annona muricata)
on leaf caterpillar mortality index, it is concluded
that:

1. The most effective concentration of soursop
leaf extract (Annona muricata) in killing leaf
caterpillar in delima rose apples is the extract
of 100% concentration.

2. Soursop leaf extract (Annona muricata) has
the effect on mortality index of leaf caterpil-
lars in delima rose apples. The LC, value of
soursop leaf extract was 75,16mg / L.

REFERENCES

Ambarningrum, T. B., Pratiknyo, H., & Priyanto, S.
(2011). Indeks nutrisi dan kesintasan larva
Spodopteralitura F. yang diberi pakan men-
gandung ekstrak kulit jengkol (Pithecellobium
lobatum Benth.). Jurnal Hama dan Penyakit
Tumbuhan Tropika, 9(2), 109-114.

Amir, A. M. (2009). Pemantauan Resistensi Hama
Tembakau terhadap Insektisida. Balai Peneli-
tian Tanaman Tembakau dan Serat. Malang. J.
Ilmiah Tan. Tembakau, 8(3), 376-380.



A. V. Amalia and M. H. Yusa / JPII 7 (1) (2018) 1-8 7

Araar, H., Caboni, P., Simeone, V., & Cavoski, I.
(2009). Cinnamon plant extracts a comprehen-
sive physico-chemical and biological study for
its potential use as a biopesticide. Crop protection
management in Mediterranean Organic Agriculture,
39.

Bardin, M. ,Fargues, J., & Nicot, P. C. (2008). Com-
patibility between biopesticides used to control
grey mould, powdery mildew and whitefly on
tomato. Biological Control, 46(3), 476-483.

Desiyanti, N. M. D., Swantara, I. M. D., & Sudiarta,
1. P. Uji efektivitas dan identifikasi senyawa ak-
tif ekstrak daun sirsak sebagai pestisida nabati
terhadap mortalitas kutu daun persik (Myzus
persicae sulz) pada tanaman cabai merah (Cap-
sipcum annum L.). Jurnal Kimia, 10(1), 1-6.

do Prado Ribeiro, L., Zanardi, O. Z., Vendramim, J.
D., & Yamamoto, P. T. (2014). Comparative
toxicity of an acetogenin-based extract and
commercial pesticides against citrus red mite.
Experimental and Applied Acarology, 64(1), 87-98.

Harinta, Y. W., Nugraheni, R., & Setyorini, A. (2016).
Pengendalian hama bubuk kedelai (Calloso
bruchusanalis f.) dengan biji sirsak (Annona
muricata). Agrin, 20(1), 81-91.

Hariyanto, P. B. (1991). Jambu air jenis, perbanyakan,
dan perawatan. Penebar Swadaya.

Hasnah, H. (2009). Efektivitas ekstrak buah mengku-
du (Morinda citrifolia 1.) terhadap mortalitas
Plutella xylostella L. pada tanaman sawi. Jur-
nal Floratek, 4(1), 29-40.

Hidayati, N. N., & Yuliani, N. K. (2013). Pengaruh
Ekstraak Daun Suren dan Daun Mahoni terha-
dap mortalitas dan Aktivitas Makan Ulat Daun
(Plutella xylostella) ada Taman Kubis. Lentera-
Bio. Surabaya, 2, 95-99.

Julaily, N., & Mukarlina, T. R. S. (2013). Pengendalian
Hama pada Tanaman Sawi (Brassica juncea L.)
Menggunakan Ekstrak Daun Pepaya (Carica
papaya L.). Protobiont, 2(3), 171-175.

Khairil, M. (2017). Aplikasi ekstrak daun sirsak ter-
hadap serangan hama ulat dan belalang pada
tanaman kacang panjang (Vigna sinensis L.).
Agrotropika Hayati, 4(3).

Koleva-Gudeva, L., Mitrey, S., Maksimova, V., & Spa-
sov, D. (2013). Content of capsaicin extracted
from hot pepper (Capsicum annuum ssp. mi-
crocarpum L.) and its use as an ecopesticide.
Hemijska industrija, 67(4), 671-675.

Li, S., & Zhihui, C. (2008). Allium sativum extract as
a biopesticide affecting pepper blight. Interna-
tional journal of vegetable science, 15(1), 13-23.

Mamun, M. S. A., & Ahmed, M. (2013). Prospect of
indigenous plant extracts in tea pest manage-
ment. International Journal of Agricultural Re-
search, Innovation and Technology, 1(1-2), 16-23.

Maryani, 1. (1995). Toksisitas Ekstrak Kasar Biji Sir-
sak (Annona muricata Linn.) dan Daun Saliara
(Lantana camara Linn.) secara Tunggal Maupun
Campurannya terhadap Larva Spodoptera exigua
Hubner (Lepidoptera: Noctuidae) pada Tanaman

Bawang Merah (Allium ascalonicum Linn.) di Lab-
oratorium (Doctoral dissertation, Tesis Fakultas
Pertanian Universitas Padjadjaran, Bandung).

Meyer, B. N., Ferrigni, N. R., Putnam, J. E., Jacob-
sen, L. B., Nichols, D. J., & McLaughlin, J.
L. (1982). Brine shrimp: a convenient general
bioassay for active plant constituents. Planta
medica, 45(05), 31-34.

Moniharapon, D. D., & Moniharapon, M. (2014).
Ekstrak Etanol Daun Melinjo (Gnetum
Gnemon L.) sebagai Antifeedant Terhadap
Larva Ulat Grayak (Spodoptera litura Fab.)
pada Tanaman Sawi (Brassica sinensis L.). Jur-
nal Budidaya Pertanian, 10(2), 100-104.

Morton, J. F. (1987). Fruits of warm climates. JF Mor-
ton.

Prabowo, R. (2008). Kajian biopestisida dan pupuk
hayati dalam mendukung pengelolaan tana-
man tomat secara terpadu. MEDIAGRO, 4(1).

Putri, D. A. (2016). Pengaruh pemberian ektrak daun
kersen (Muntingia calabura) terhadap lalat
buah bactroceracarambolae; the influence to
giving leaf extract kersen (Muntingia calabura)
against fruit flies Bactrocera carambolae. Al-
Kauniyah: JurnalBiologi, 9(2), 139-143.

Ribeiro, L. D. P, Mota, L. H. C., D’alessandro, C.
P., Vendramim, J. D., & Janior, 1. D. (2014).
In vitro compatibility of an acetogenin-based
bioinsecticide with three species of entomo-
pathogenic fungi. Florida entomologist, 97(4),
1395-1403.

Rusdy, A. (2010). Pengaruh Pemberian Ekstrak Bawa-
ng Putih Terhadap Mortalitas Keong Mas. Jur-
nal Floratek, 5(2), 172-179.

Salaki, C. L., Paendong, E., & Pelealu, J. (2012).
Biopestisida dari ekstrak daun pangi (Pangium
sp.) terhadap serangga Plutella xylostella di Su-
lawesi Utara. EUGENIA, 18(3), 171-177.

San Lebang, M., Taroreh, D., & Rimbing, J. (2016).
Efektifitas Daun Sirsak (Anona muricata L)
dan Daun Gamal (Gliricidia sepium) dalam
Pengendalian Hama Walang Sangit (Leptoco-
risa acuta T) pada Tanaman padi Effectiveness
of Soursop Leaf (Anona muricata L) and Gliri-
cidia Leaf (Gliricidia sepium) to Contr. BIO-
SLOGOS, 6(2), 51-59.

Siahaya, V. G., & Rumthe, R. Y. (2014). Uji ekstrak
daun pepaya (Carica papaya) terhadap larva
Plutella xylostella (Lepidoptera: Plutellidae).
Agrologia, 3(2), 113-116.

Souza, C. M., Baldin, E. L., Ribeiro, L. P,, Silva, I. F.,
Morando, R., Bicalho, K. U,, ... & Fernandes,
J. B. (2017). Lethal and growth inhibitory ac-
tivities of Neotropical Annonaceae-derived ex-
tracts, commercial formulation, and an isolated
acetogenin against Helicoverpa armigera. Jour-
nal of Pest Science, 90(2), 701-709.

Sumartini, S. (2017). Biopestisida untuk Pengendalian
Hama dan Penyakit Tanaman Aneka Kacang
dan Umbi. Iptek Tanaman Pangan, 11(2), 159-
165.



8 A. V. Amalia and M. H. Yusa / JPII 7 (1) (2018) 1-8

Supriatna, J. (2008). Melestarikan Alam Indonesia. ~Zen-hong, S., Lin, T., Lai, J., Huang, C., Wang, D., &

Yayasan Obor Indonesia. Pan, H. (2007). The industry and progrees re-

Zarins, 1., Daugavietis, M., & Halimona, J. (2009). Bi- view on the cultivation and physiology of wax
ological activity of plant extracts and their ap- applewith special reference to ‘Pink Variety’.
plication as ecologically harmless biopesticide. The Asian and Australasian Journal of plant
Scientific works of the Lithuanian Institute of Hor- Science and Biotechnology.Global Science Book,
ticulture and Lithuanian University of Agriculture, 1(2), 48-53.

28(3), 11.



