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Simple Summary:

Sitophilus oryzae is the main and highly destructive pest on storage products, such as rice, wheat, and cereal grains around
the world. The substances that are safe and envi- ronmentally friendly are still being sought for managing this pest. One of
the ingredients that are continuously being developed as an insecticide is natural plant susbtances. Hence, this research was
conducted in the laboratory to evaluate the effect of Pandanus and Neem leaves powder on rice weevil. The repellency and
mortality effects of PW and Neem to trice weevil were recorded. The repellency and mortality were caused by the treatment
of 10 grams of pandan leaf powder and 10 grams of neem leaf powder. The treatment without a combination of insecticides
in this study had a higher repellency and mortality effect than the combination.

Abstract:

The aim of this study was to determine the effect of Pandanus (Pandanus amaryllifolius Roxb.) and Neem (Azadirachta indica)
leaves powder on the repellency, mortality, and weight loss of grains due to Sitophilus oryzae. The methodes of this study
used a completely randomized design (CRD) with 7 treatments and 4 replications. The results of this study indicate that the
best treatment in terms of causing repellency was the treatment of 10 grams of pandanus with a percentage of 87.5%, while
the best treatment in terms of causing pest mortality and was also able to reduce the risk of rice weight loss due to Sitophilus
oryzae was treatment 10 gram of neem with a mortality percentage of 76.25% and weight loss of rice 3.14%. This research
showed that neem leaf com- pounds are better in terms of causing mortality, while Pandanus compounds are better in terms
of causing mortality of Sitophilus oryzae.
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Introduction

Rice is the staple food for people in the most parts of Indonesia.
Various disturbances from organisms that can reduce the quality
and quantity of rice are always there. One of the pests that exist
in rice and can cause the decline in quality and quantity of rice is
the post-harvest pest S. oryzae [1-4]. The presence of S. oryzae
in rice is extremely detrimental and causes damage. Manage-
ment is necessary in order to avoid damage caused by S. oryzae,
proper handling is needed when storing rice.

According to the ICSA, in 2019, Indonesia’s rice production
reached 54.60 million [5]. The total production decreased by
7.76% from the total production in 2018 which reached 60.60
million tons. Food Agricultural Organization in 2017 stated that

Indonesia as a Southeast Asian has a risk of losing rice products
after harvest reaching 10-37%, so it is necessary to take control
to minimize the risk of damage during its storage period.

Rice stored in warehouses globally reduced 5-10% in damaging
in a relatively short time due to warehouse pests, especially S.
oryzae [6]. The level of damage for each country varies depend-
ing on the region, type of rice, climate, and duration of storage
[3]. For instance, rice damage in Ukraine can reach 25-50%,
Australia 0.7%, Pakistan 16%, India 20-25% in 2010-2011, and
Poland 3-5% [6-8]. According to Phillips and Throne, the loss of
storage products due to S. oryzae pests ranges between 9% in de-
veloped countries and 20% in developing countries. This shows
the importance of controlling S.oryzae to be carried out [9].
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The use of synthetic fumigants causes a variety of serious prob-
lems, such as pest resistance, human health, the environment,
natural enemies of pests, and pollution [10-12]. The synthetic fu-
migants commonly used to control S. oryzae are methyl bromide
and phosphine [13]. The latest research by Kim et al., stated that
the S.oryzae in the quarantine of South Korea was resistant to
Methyl Bromide (CH3Br) and Phosphine (PH3) [14].

Hereby, it is important to control S. oryzae by using natural ma-
terials from plants used as bioinsecticide repellents so it will not
cause negative effects on food safety. One of the alternative ma-
terials that can be used as bioinsecticides is Neem and Pandanus
leaves. Neem leaves contain are alkaloid compounds, nimbidine,
tannins, resins, azadiractin, and Pandanus leaves contain are al-
kaloids, flavonoids, polyphenols, terpenoids, steroids, hydrocar-
bons, and aldehydes [15-19]. According to Ahmad et al, stated
that the bioactive compounds commonly used in plant pesticides
are mostly steroids, alkaloids, tannins, terpenoids, phenols, fla-
vonoids, and resins that have insecticidal properties [20]. The
content of these compounds is following accordance with the re-
searchers chose to study the repellent effect of Pandanus leaves
and neem bioinsecticide combination against S. oryzae pests.

The previous research that also evaluated the repellent effect
from the other botanical pesticides against S. oryzae was con-
ducted by Auamcharoen et al., Akhtar et al., Yankanchi et al.,
Aref and Valizadegan; Das et al., Klys et al., [2, 21-25]. The
results of a study by Auamcharoen et al., explained that the fast-
est repellent effect on S. oryzae in just 5 minutes given by the
methanol extract of Duabanga grandiflora at a concentration of
0.252 mg/cm?2 which resulted in a 63% response rate [21]. After
4 hours, the repellency rate to S. oryzae was 100%, while the
results of Klys et al., showed a 98% repellent effect against S.
oryzae after 5 hours of exposure to bioinsecticide from caraway
essential oil with a concentration of 0.5% [25]. Elgizawy et al.,
have also evaluated the fumigant toxicity and repellent activity
of Litsea cubeba essential oil and its two main active ingredients
against S. oryzae [26]. The results showed that the repellency of
S.oryzae are 81.83% at 4 hours after the start of the study. Dif-
ferent things were done by Fernando and Karunaratne, through
the use of bioinsecticides from Olax zeylanica leaf powder (a
rural vegetable in Sri Lanka) at a dose of 7 gr and 1 gr per 50 gr
of rice can provide a repellent effect against S. oryzae of 96%
and 50% [27].

The repellency assessment of the insecticides of Neem and Pan-
danus leaves is highly necessary. The aim of this study was to
test the repellency of the combination of neem leaves and Pan-
danus, and without the combination of the two being used as a
powder to control S. oryzae. This research is expected to be able
to control S. oryzae with an environmentally friendly manner,
reduce the risk of product damage, and novel scientific devel-
opment.

Materials and Methods

The study was conducted in the laboratory conditions at 28° +
1 °C with 60 + 5% relative humidity at the Department of Plant
Protection in the University of Jember. The research design used

a completely randomized design (CRD) with 7 treatments and 4
replications, the treatments consisted of:

PO: Rice
P1: Rice with 10 g of neem leaves powder

P2: Rice with 8 g of neem and 2 g of Pandanus leaves powder
P3: Rice with 6 g of neem and 4 g of Pandanus leaves powder
P4: Rice with 4 g of neem and 6 g of Pandanus leaves powder
P5: Rice with 2 g of neem and 8 g of Pandanus leaves powder
P6: Rice 10 g of Pandanus leaves powder

S. oryzae adults reared was carried out according to the proce-
dure and modification of Klys et al., namely 50 (25 male and 25
female) S. oryzae were kept in a plastic jar filled with rice as a
place to live and the food was then covered with a saffron cloth,
and invested for 7 days and then all the pests were removed from
the jar and waited for = 35 days for the emerging of S. ory-
zae to come out of the rice [25]. The method of obtaining adult
female and male insects with a uniform number and size was
then carried out by separating the young (virgin) with a slightly
reddish-brown color. The male and female insects could be dis-
tinguished by their body size, female insects are larger in size
than male insects. Besides, it could also be seen in the snout,
where the snout length of the female of S. oryzae is longer than
the male [28].

The application methodolgy of neem and Pandanus leaves ob-
tained was weighed according to the dosage in the treatment,
namely 2 g, 4 g, 6 g, 8 g, and 10 g. The insecticide was put into
a tea bag and then put into a plastic cup filled with 100 g of rice
and 20 adapted S. oryzae covered with saffron cloth. This was
done as a new way of applying insecticides by utilizing vola-
tile compounds from the materials used or using the concept of
inhalation poisons system. The Repellency observations were
observed every 2 hours during the day and 4 hours at night for
48 hours. The calculation of repellency is seen from the insects
that leave/move from the place that was given treatment to the
outside of plastic cup in the jar. The evaluation of the repellen-
cy effects were based on the emigration index, calculated as a
percentage proportion of individuals emigrating when compared
with the total number of individuals in the population. The cal-
culations were made using the following formula [25]:

mean number of insects migrants

Repellency effect = x 100%

insects treated

The percentage of mortality was calculated by comparing the
number of dead insects after application compared to the num-
ber of tested insetcs using the formula from Abdelatti and Man-
fred [29]. The calculation of mortality at intervals of 3 days and
until no more insects have died.

mean number of insects dead

Mortality index = x 1009%

insects treated

The percentage of weight loss was calculated after 30 days after
insecticide application. The method used was by sifting with a
size of 40 mesh, then the sieve in the form of flour from rice was
weighed using a digital scale. The calculation used the formula
from Mehta and Surjeet [30] as follows:

(UND) — (DNU)

Weight loss =
SN OSS = U x (WD + NUY)

x 100%
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where U is the weight of uninfested grains (g), NU is the number
of uninfested grains (n), D is the weight of infested grains (g),
and ND is the number of infested grains (n).

We have investigated whether there were statistically significant
diferences in the repellent effect of different concentrations of
neem and Pandanus leaves powder on S. oryzae. The dependent
variable is the insect emigration rate. The analysis of variance
(ANOVA) Kruskall-Wallis rank test was applied followed by
the Duncan’s Multiple

Range Test (DMRT), in this case a multiple comparison test
[31]. The test probability level “p”and the significance level”

were 0.05. The calculations were performed in the Excel’s Sta-
tistics tool.

Results

The results of the application of insecticides from the pandanus
and neem leaves powder, and the combination of the two had a
higly significant effect on the control of the repellency of S. ory-
zae. Based on the results of the analysis of variance (ANOVA),
the F count of 48 hours of response was 155.85 and was greater
than the F crit of 5% and 1%, namely 2.57 and 3.81. The results
of the Analysis of Variance were very significantly different and
continued with the Duncan’s Multiple Range Test (DMRT) 5%
which can be seen in the Table 1.

Table 1: Repellent effects of the Pandanus and neem leaves powder on the Sitophilus oryzae

Repellency rate (%) in hours after aplication (haa)

Treatments |2 10 14 18 22 26 48

PO 10a 17,5a 17,5a 17,5 a 17,5a 17,5a 17,5a

P1 36,25 be 52,5¢ 57,5d 62,5¢ 65d 67,5¢ 67,5¢

P2 30b 45b 47,5b 51,25b 52,5b 53,75 b 53,75 b

P3 36,25 be 46,25 b 50 be 50b 53,75 be 57,5b 57,5b

P4 32,5 be 53,75 ¢ 53,75 cd 56,25 be 57,5¢ 58,75 b 58,75b

PS5 41,25d 65d 70 e 70d 73,75 ¢ 73,75d 73,75d

P6 40 cd 70 e 82,5 f 85e 87,5 f 87,5 87,5e
The values followed by the same code are not significantly dif-
ferent in the same column 100 - —+ro
PO (control), P1 (10 g neem), P2 (2 g pandanus + 8 g neem), P3 ~ _ gg | —= P2
(4 g pandanus + 6 g neem), P4 (6 g pandanus + 4 g neem), P5 (8 & —&—P3
g pandanus + 2 g neem), and P6 (10 g pandanus) ? 60 1 P4

U
= 40 | —#—P1

Based on the results of the Duncan’s Multiple Range Test at 2 § —®—P5
hours to 48 hours of observation, there was a difference between ~ # 20 | Pé
treatments, the control was very significantly different from all 0 )
other treatments. The Differences also occurred in the change e T T(time)

and increase in the percentage of repellents in all treatments
compared to controls. The control tended to have no increase in
the percentage of repellents after exceeding the observation time
of 4 hours and remained at 17.5% until the end of the observa-
tion. Treatments other than control continued to experience an
increase in the percentage of response up to 22 hours of obser-
vation. Based on the figure 1, that the highest increase in repel-
lency was in the first 2 hours of observation with a percentage of
40% in the combination treatment of 8 grams of pandanus and
2 grams of neem (P5). However, the highest response from 10
hours to 48 hours was the treatment of 10 grams of pandanus
(P6).

Oh 2h 4h 6h 8h 10h14h18 h22 h26 h48 h

Figure 1: Repellency rate of Sitophilus oryzae caused by neem
and pandan leaves powder

In addition to the repellency rate, insects’ mortality was also cal-
culated based on the results of the analysis of variance (ANO-
VA), the F value of the insect’s mortality count is 169.15 and is

greater than the F crit of 5% and 1%, namely 2.57 and 3.81. The
results of the analysis differed significantly so that it was contin-
ued with the Duncan’s Multiples Range Test at 5% level further
test which can be seen in the table 2.
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Table 2: Mortality effects of the Pandanus and neem leaves powder on the Sitophilus oryzae.

Repellency rate (%) in hours after aplication (haa)
Treatments |3 6 9 12 15 18 21
PO 0a Oa Oa Oa 0a Oa Oa
P1 275¢ 4375 ¢ 55¢ 67,5¢ 72,5¢ 76,25 e 76,25 e
P2 23,75 de 38,75d 43,75d 51,25d 58,75d 62,5d 62,5d
P3 16,25 be 26,25 be 37,5¢ 46,25 be 50¢ 51,25 ¢ 51,25 ¢
P4 15b 25b 30b 42,5b 42,5b 43,75 b 43,75 b
P5 20 cd 27,5¢ 40 cd 45 be 45b 45b 45b
P6 22,5d 37,5d 41,25 cd 47,5 cd 52,5¢ S5¢ 55¢
The values followed by the same code are not significantly different in the same column

The Values Followed by the Same Code are not Signifi-
cantly Different in the Same Column

Based on the results of the Duncan’s Multiples Range Test at
5% level, that is the observation of 3 to 21 days after application
there were differences between treatments, namely the control
was highly significantly different from all other treatments. In
the control treatment, there was no increase in the percentage
of mortality ranging from 3 til 21 days after application. The
treatments other than controls continued to experience increased
mortality up to 18 days after application (Figure 2). Based on
the Figure 2, that the highest increase in mortality was observed
3 days after application with a percentage of 27.5% in the 10
g neem treatment (P1). The treatment of 10 grams of neem re-
mained the treatment that caused the highest mortality until the
end of the observation up to 21 days after application, which
was 76.25%. The combination treatment of 2 g of pandanus and
8 g of neem (P2) also had a fairly good mortality percentage of
62.5% up to 18 days after application. The treatment other than
control that had the lowest percentage mortality value was the
combination treatment of 6 g of pandanus and 4 g of neem with
a mortality percentage value of 43.75% until the end of 21 days
after application. The percentage value of mortality which was
almost the same as the combination treatment of 6 g panda and 4
g of neem was in the combination treatment of 8 g of pandanus

and 2 g of neem of 45%.

90 -

80 ——P0

70 —m-P1
;Ef 60 - —a— P2
=~ 50 P3
=
T 40 ——P4
5 30 —8— D5
2
<20 D6

10

0 T ( time)

oD 3D 601 9D 12D 15D 181D 21D

Figure 2: Mortality rate of Sitophilus oryzae caused by neem
and pandan leaves powder

S. oryzae also causes weight loss of rice which becomes pow-
dery like flour. The results of the research data were analyzed
using descriptive analysis. The percentage of rice weight loss

for 30 days from each treatment can be seen in the Table 3 and
Figure 3.

Table 3: Weight loss due to infestation of the Sitophilus ory-
zae.

Weight loss (%) in days after application
Treatments 30
PO 6,55d
P1 3,14a
P2 3,40 ab
P3 3,87 be
P4 432 ¢
P5 3.92¢
P6 3,57 be
The values followed by the same code are not significantly
different

Based on Table 3 above, it showed that the control treatment
with other treatments was very significantly different. The treat-
ment of 10 g neem (P1) was significantly different from the
combination treatment of 4 g pandanus and 6 g neem (P3), the
combination of 6 g pandan and 4 g neem (P4), the combination
of 8 g pandan and 2 g neem (P5), the 10 g treatment pandanus
(P6), and control. However, the treatment of 10 g neem (P1) was
not significantly different from the combination of 2 g pandan
and 8 g neem (P2). The percentage of high and low weight loss
can be seen in Figure 3

7 - 655

5 4.32
3.87 3.92

3.14

Weight loss (%)

PO P1 P2 P3 P4 P5 Pg

Figure 3: Weight loss rate of rice caused by S. oryzae
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The percentage of rice weight loss as shown in the figure 3 above
is quite diverse. The highest percentage of loss occurred in the
control at 6.55% or the equivalent of 6.55 grams of weight loss.
The treatment that had the least weight loss was 10 g of neem
(P1), which was only 3.14%. The combination treatment of 2
grams of pandanus and 8 grams of neem was the second-best
treatment with a percentage of rice weight loss of only 3.40% of
the initial rice weight and a percentage difference of 0.36% of 10
grams of neem. This indicates that the treatment of 10 grams of
neem is the most effective in reducing or suppressing rice weight
loss due to S. oryzae.

Discussion

The results of this study showed that the highest percentage of
repellency occurred in the insecticide combination treated with
a combination of 8 g of Pandanus and 2 g of neem at 61.25% at
8 hours after application and was not significantly different from
the treatment of 10 g of Pandanus. The percentage of repellen-
cy was still greater than the combination of 10 g of Pandanus
treatment which causes repellent of 56.25% (Figure 1). This
phenomenon is following the results of a similar study by Das
et al., that the insecticide combination from the combination of
mahogani and neem was 66.67% greater resulting in repellency
to S. oryzae than without the combination [24]. In addition, the
study from Abdellati and Manfred, state that the combination is
carried out to increase the of effectiveness of insecticides, in-
cluding in terms of repellent to S. oryzae [29]. Beside, the results
of this study are in line with similar research but differ in the
basic materials of insecticides, that the highest repellant effect
occurs in the first 5 hours after application, such as research from
Auamcharoen et al., which explains that the fastest repellent
effect on S. oryzae in just 5 minutes given by waste methanol
extract at a concentration of 0.252 mg/cm? which resulted in a
63% repellency rate [21]. After 4 hours, the repellency rate on S.
oryzae was 100%. The results of the study by Klys et al., showed
a 98% response effect against S. oryzae after 5 hours of exposure
to insecticides from caraway essential oil with a concentration
of 0.5% [25]. The repellency effect is due to the volatile com-
pounds produced by insecticides so that insects stay away from
bioinsecticide sources [32]. The insects stay away from insecti-
cide sources due to the volatile compound that produces a dis-
tinctive odor so that insects try to save themselves as shown in
the results of this study.

The repellency of 10 g of Pandanus treatment was the highest at
70% when it entered 10 hours after application (Figure 1). The
treatment which consisted of a smaller neem dose in the com-
bination of 8 g pandan and 2 g neem had more high repellency
than the larger neem dose combination. This study is different
from the results of research by Fernando and Karunarate, which
explain that the higher the dose, the greater the repellency [27].
The results of his research explained that insecticides from the
leaf powder of olax zeylanica (a rural vegetable in Sri Lanka)
at a dose of 1 g and 7 g per 50 g of rice can provide 50% and
96% repellency effect against S. oryzae. However, the results of
this study are following the results of the study by Klys et al.,
that the repellent effect of insecticides is not always influenced
by the larger the dose is given, it will produce a greater effect,

sometimes low doses are more effective in controlling insects
than using too high a dose [25]. Based on the result of his re-
search, the repellency effect of caraway essential oil at a dose
of 0.5% and 0.1% was 98% and 100%, respectively. According
to Dhakshinamoorthy and Selvanarayanan, this phenomenon is
caused by differences in the materials used which contain syn-
ergistic or antagonistic compounds, different formulations, and
compounds [33].

The highest repellency in this study occurred in the first 2 hours
after the application of insecticide (Figure 1). The information
in the figure 1 showed that S. oryzae are quite fast in responding
to repellent sources of insecticides. The highest repellency value
after 2 hours of application was the combination treatment of 8 g
of Pandanus and 2 g of neem at 41.25%. This study proved that
the use of a combination of insecticide-based materials is better
at repellency effect of S. oryzae in the first 2 until 8 hours. The
ability of the basic materials to be repellent between Pandanus
and neem, so in this study it was seen to be greater in Pandanus.
The repelency can be seen in the combination treatment of 8 g
of Pandanus and 2 g of neem and treatment of 10 g of panda-
nus. The percentage produced is also greater than the 10 g neem
treatment which produces a repellency effect at 2 hours after
application is only 36.25%. This phenomenon may be due to
the content of Terpenoid compounds which produce a stronger
repellency effect on S. oryzae of Pandanus than neem [34, 17].

The repellency effect tends to increase due to the increase in a
certain time (Figure 1), but in this study, the increase in repel-
lency did not occur after 26 hours of observation. This is fol-
lowing previous research Das et al.; Klys et al.; Fernando and
Karunatne; Abtew et al., which reported that the repellency of
insects of insecticides can still have an effect on 1 until 24 hours
after application and after that time the effect will not be too high
on repellency [24, 25, 27 and 35]. This phenomenon is since
insecticides can evaporate over time, thereby reducing their re-
pellency to target insects, which is in this case are S. oryzae [36-
37]. The lack of the repellency activity occurred 26 hours after
the application of the insecticide in this study. In order the per-
centages were in the treatment of 10 g of Pandanus was 87.5%,
a combination of 8 g of Pandanus and 2 g of neem was 73.75%,
10 g of neem treatment was 67.5%, the combination of treatment
of 6 g of Pandanus and 4 g of neem was 58 75%, the treatment
combination of 4 g of Pandanus and 6 g of neem was 57.5%, the
combination of treatment of 2 g of Pandanus and 8 g of neem
was 53.75%, and control was 17.5%. The interesting thing in
this study was that the insecticide is still have repellent after 24
hours although there is less repellency than before 24 hours after
application.

In mortality rate, the mortality of S. oryzae in this study began to
occur at 3 days after application with the age of S. oryzae was 42
days. The highest mortality at 3 days after application occurred
in 10 g of neem treatment with a percentage of 27.5%. S. oryzae
has not experienced mortality at 1 to 2 days after application.
This result was different from previous studies, such as Akter et
al., in that the S. oryzae died in 100% after 72 hours of insecti-
cide application from extracts of materials containing neem [38].
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Differences in toxicity that cause mortality may be influenced
by differences in the way the insecticides work. Previous studies
used contact poison or insecticide mixed with rice which is the
food of S. oryzae so that the toxicity tends to be faster. The dif-
ference in this study was the use of neurotoxins by utilizing the
distinctive odor of volatile compounds from insecticides so that
the toxicity may tend to be longer in causing mortality in insects.

The phenomenon is because most of the toxic fumigant action
of insecticides is made to penetrate the insect’s body through the
respiratory system or the inhalation system [39]. In addition, the
same thing was conveyed by Fernando and Karunaratne, that
volatile compounds that evaporate can interfere with the phys-
iological function of insects through the entry of spiracles so
that they interfere with breathing and cause death [27]. This is
also due to the differential response of insects to insecticides that
block octopamine receptors in insect so that they experience in-
terference with their bodies which results in an abnormal respi-
ratory system and causes death [40-42]. Insects that experienced
mortality were in a lying position with their legs bent stiffly.

The highest mortality percentage until the last observation in
this study was still in the combination treatment of 10 g neem,
which was 76.25% at 18 and 21 days after insecticide applica-
tion, followed by the combination treatment of 2 g Pandanus and
8 g neem which had a mortality value of 62.25%, treatment of
10 g of Pandanus was 55%, a combination of 4 g of Pandanus
and 6 g of neem was 51.25%, a combination of 8 g of Pandanus
and 2 g of neem was 45%, and a combination treatment of 6
g of Pandanus and 4 g of neem has a percentage of 43.75%,
and 0% control (Figure 2). This result was almost the same as
the research by Singh et al., that insecticide with neem as the
base material causes 76.10% mortality against S. oryzae with a
concentration of 0.5% per 100 g of rice [43]. The results of this
study may be because the compounds in neem are more deadly
to S. oryzae (alkaloids, resins) than the compounds in Pandanus
leaves [44]. Insecticide with neem composition causes higher
mortality than pandan or a combination of the both. According
to Dhakshinamoorthy and Selvanarayanan, the efficacy of pes-
ticides used depends on the content of compounds that are syn-
ergistic or antagonistic, differences in formulation, temperature,
and origin of the plant [33].

Based on the figure 2, it was known that in addition to control,
the effect of insecticides on S. oryzae’s mortality will tend to in-
crease from 3 until 18 days after application of insecticide. How-
ever, when entering 15 days after application, the increase in
effect on mortality tended to be slight and stable. This is different
from the previous percentage of repellant effect, that insecticides
with more pandan-based ingredients will cause higher repellent
than neem, while on insects mortality effects, insecticides with
more neem composition produce higher mortality than Pandanus
or a combination of both. The insects that died from the insec-
ticides showed stiff bodies with bent legs and the body lying
sideways. This may be due to the insecticidal effect exposed.
According to Ravi Dhar et al.,[45], that the volatile organosul-
fur constituents of insecticides can enter through the cuticle or
through the spiracles and disrupt gas exchange in respiration or

shortness of breath, resulting in death. This is also due to the
differential response of insects to insecticides that block Octo-
pamine receptors in insects so that they experience interference
in their bodies which results in an abnormal respiratory system
and causes death [40-42]. S. oryzae can experience death due to
exposure to volatile compounds from the insecticides used.

In weight loss rate due to S. oryzae, the results showed that the
use of insecticides can reduce the risk of weight loss in rice.
Based on the Figure 3, it can be seen that in the control treatment
without the use of insecticides had the highest percentage of rice
weight loss was 6.55%. This study is following the research of
Prakash and Rao, that S. oryzae cause 5-25% weight loss starting
from 30 days of it infected rice [46].

The percentage of rice weight loss depends on the length of time
the rice is infested by S. oryzae. According to Okpile et al., so far
no rice is resistant to S. oryzae [47]. This is based on the results
of his research, that of the 10 types of rice (royale stallion, mama
royale, parboiled rice, mama gold, white rice, super eagle, indi-
an rice, champion rice, abakiliki rice, and mama africa) none of
them are resistant and permanent, experienced weight loss with
an average of 19%. According to Gvozdenac et al., also reported
on the results of their research that the S. oryzae caused a weight
loss of 35.4% in wheat for 50 days of infestation [48]. The large
weight loss is due to the absence of special treatment for S. ory-
zae, such as the use of pesticides to control them.

The percentage of rice weight loss was quite different between
the controls and those treated with insecticide. The lowest per-
centage of rice weight loss was in the treatment of 10 g of neem
(P1) which only experienced a weight loss of 3.14%. The de-
creasing weight loss of rice indicate that the material or insec-
ticide used is effective. This is because great insecticides affect
appetite, disrupt metabolism, and block pest spiracles, causing
pests to die [49]. The high insects mortality will cause a small
risk of rice weight loss. Based on the results of this study, if
sorted from the treatment that caused weight loss from the least
to the most, namely the treatment of 10 g neem was 3,14%, the
combination of 2 g of Pandanus and 8 g of neem was 3,40%,
treatment of 10 g pandan neem resulted in a weight loss of
3,57%, the combination of 4 g of Pandanus and 6 g of neem was
3.87%, the combination of 8 g of Pandanus and 2 g of neem was
3,92%, and the combination of 6 g of Pandanus and 4 g of neem
was 4,32%.

The different effectiveness is caused by differences in the com-
position of the insecticide used [33]. The results of this study
provided information that the effect of the compounds contained
in neem is better in terms of preserving rice as evidenced by the
least of weight loss than in Pandanus, a mixture of both, and con-
trols. According to Shannag et al., neem has alkaloid and resin
compounds that give a more lethal effect on S. oryzae than the
terpenoid content contained in Pandanus leaves [44].

Conclusions
In conclusion, Based on the results of research that had been car-
ried out, the best treatment in terms of causing repellent was the
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treatment of 10 grams of Pandanus with a percentage of 87.5%,
while the best treatment in terms of causing mortality and reduc-
ing the risk of rice weight loss due to S. oryzae was the treatment
of 10 grams of neem with a mortality percentage of 76.25 and
weight loss of rice was 3.14%. The results of this research still
need to be continued by other researchers by separating pure
compounds from pandanus and neem leaves and formulating
them in gas form so that they will become new products in the
form of biodegradable fumigants. All of these efforts are expect-
ed to help reduce the risk of rice damage caused by S. oryzae.
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