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Insecticides Application
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Abstract. Brown Plant Hopper (BPH) infestation in irrigated rice agroecosystem resulted yield
loss. The application of insecticides by farmers are usually excessive, reducing pest population
and negatively affecting the predators. This research aimed to define the impact of insecticides
on the population dynamic of BPH, predator and neutral insects which influenced rice yield.
Research was conducted at Yogyakarta, Indonesia, during May to September 2021. Randomized
Block using four replications was applied. Rice varieties Inpari 32 HDB and Inpari 42 GSR
were planted. Insecticide with active ingredient spinetoram 120 g/l and triflumezopyrim 106 ¢/l
were applied to the rice plant on day 40" then pimetrozin 50% was applied at day 50". Results
showed that BPH population was reduced from 30 -50 nymph per 30 plants to 10 nymph at day
12™" after pimetrozin 50% application or at the day 2" after spinetoram and triflumezopyrim
insecticides application until day 50'". In contrast, BPH population in all insecticide plants was
significantly lower than in all control and did not increase until harvest. On the other side,
predators such as Paederus sp and Coccinelids were not affected by all insecticides, except
Ophionea sp, Spiders and Cythorinus sp. However, their population recovered at day 30" after
first insecticides application. Within the fluctuated population of BPH, rice productivity of Inpari
32 HDB and Inpari 42 GSR applied with insecticides were 9.52 ton ha™* and 10.60 ton ha*, while
Inpari 32 HDB control and Inpari 42 GSR control 9.44 ton ha* and 10.72 ton ha'*

Brown Plant Hopper (BPH) Nilaparvata lugens Stal. is one of the foremost rice pest, resulting significant
yield loss, both in irrigated rice agroecosystems and rainfed in Indonesia, including the Yogyakarta
Special Region. In Indonesia, peak attacks of BPH occurred in 2010 and 2011, reaching 137,768 ha and

218,060 ha. Particularly in West Java in early 2010, BPH from 127 ha of “puso” rice
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spread up and caused an outbreak at 60,488 ha. With an average yield loss of 1-2 tons/ha, the economic
value of the grain lost reaches IDR 1,102 T and IDR 1,74 T, respectively, in 2010 and 2011 [1].

BPH damages rice by sucking phloem sap resulting in chlorophyll reduction, decreasing either
the content of protein in leaf and photosynthesis rate [2]. Infested plants showed deterioration, small
growth, and leaves turn to yellow, then severe damage resulting hopper burn or dry die. BPH has
exponential growth which potentially damage rice crops after reach generation 2-3, because there will
be abundant nymphs which live in high density at the base stem of rice tillers. The infestation can
reach BPH as 400-1000 at each plant, even more than 1000 BPH at every plant when their population is
very high.

Regarding its potential to migrate up to 200 km [3], BPH has turned out to be a worldwide pest
and broadly dispersed in South East Asia (Indonesia, Malaysia, Sarawak, Bangladesh, Cambodia,
Thailand, Vietnam, India, Taiwan and the Philippines), East Asia (Korea, Japan, and China) and the
Australian (Solomon, Caledonia, Fiji, New Gunea and Australia) [4]. Rice cropping pattern influenced
by climate change affects this insect's behavior. La Nina with heavy rainfall cause high humidity in the
dry season, which might activate the development of BPH and thrive population outbreak. In some areas,
asynchronous planting also triggered the second explosion of the BPH population. Farmers planting rice
forward each other caused the availability of water anytime. The population blast of BPH is also
triggered by farmers' inaccurate application of insecticides and a high usage of unrecommended
insecticides. Weak monitoring of the BPH population severelydamages rice crops [1]. Concerning this
situation, there was presidential regulation (Inpres No.3, the year 1986) about 57 insecticides prohibited
from controlling BPH due to resurgence impact.

High-level attack of BPH causes increasing of farmers' dependency on synthetic pesticides.
Concerning the rice plants damage and the high BPH inhabitants, farmers were forced to seek the
procurement of synthetic pesticides. However, due to farmers' limitations in capital, knowledge, and
skills regarding synthetic pesticides, the practice of pesticide application by farmers is inappropriate,
including the right active ingredient, concentration, and dose. These limitations forced farmers to
spray pesticides with doses less than recommended. Scientifically, it can be proven that spraying
pesticides that are not in the right dose and concentration can encourage BPH resistance and resurgence,
increasing BPH population faster than before spraying. Many types of insecticide formulations currently
permitted by the government to be marketed and used on rice plants have been proven to encourage
BPH resurgence [5]. Excessive use of pesticides distresses the BPH and natural enemies equilibrium,
triggering the loss of natural enemies and pest resurgence.

Regarding other predators, spiders play a substantial role to control BPH. Spiders prey 15-20 of
BPH imago per day [6, 7, 8]. Natural enemies, particularly predators of BPH, are Cyrtorhinus
lividipennis (egg predator), spiders as nymph predators such as Paederus fuscifes, Ophionea
nigrofasciata, Argiope catenulate, Araneus inustus, Pardosa (Lycosa) pseudoannulata, Oxyopes
javanus, Clubiona javanicola, Calitrichia formosana, and Tetragnatha maxillosa [9]. Other predators
which can be found are coccinellids and libellulids [10].

The application of synthetic insecticides to control BPH commonly still occurs in Indonesia,
including Yogyakarta. This experiment aimed to define the dynamic of BPH population and the natural
enemies in irrigated rice of Yogyakarta after insecticide application.

2. Materials and Methods

2.1. Sub-Materials and Methods

This experiment was carried at Imogiri village, Imogiri sub-district (-7°54°52”, 110°22°50”), Bantul,
Yogyakarta, in the dry season from May to August 2021. Plant spacing was jajar legowo 2:1 spacing
(20 x 15 cm with 40 cm of legowo spacing). Research design was randomized block with a single factor
of 4 treatments which was replicated 4 times. Treatments consist of: A = Inpari 32 HDB applied with
insecticides, B = Inpari 42 GSR applied with insecticides, C = Inpari 32 HDB without insecticides
application (Inpari 32 control), D = Inpari 42 GSR without insecticides application (Inpari 42
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control). Insecticide with active ingredient spinetoram 120 g/l was applied to rice plant at day 40" with
a concentration 1 ml I* and spray volume 250 | hal. Triflumezopyrim 106 g/l was applied to rice plant
at day 40t with concentration 1 ml It and spray volume 250 | ha*. Application of pimetrozin 50% was
conducted at day 50" with concentration 1 g I and spray volume 250 | ha*. Population of BPH and
natural enemies were recorded from 5 unit samples which placed in diagonal. One unit sample consist
of six plants. Observation was conducted at day 1% to 10" after each insecticides application then
continued at day 20t, 30™, and 40™ after last insecticides application. Data of rice yield was confirmed
by measuring grain weight based on Jajar Legowo Crop Cut Technique (Teknik Ubinan Jajar Legowo)
[11].

2.2. Data Analysis

Analysis of Variance (ANOVA) was used to assess all data for the all data for the differences among
treatments. Duncan Multiple Range Test Duncan (DMRT) (p=0.05) by the SPSS statistical package
was (DMRT) (p=0.05) by the SPSS statistical package was used for was used for quantifying the means.

3. Results and Discussion
BPH, frequently termed green revolution pest in Asia tropics, is the main rice hassle [12]. Under favorable
circumstances, BPH has a high reproduction potential in the area with intensive rice cultivation whereas one
pair of BPH potent to the escalation of 400 million BPH in 85 days and resulting broad damage to more
than 3 hectares rice crop area [12]. The use of sub-lethal insecticides doses generate resistance and
resurgence of some insect pests, including BPH [13]. BPH control using synthetic pesticides is a major
practice by farmers in South-East Asian countries, including the Philippines, Solomon Islands, India,
Indonesia and Bangladesh [14]. Reducing natural enemies as a causal effect of intensive broad-spectrum
insecticide application is one of the factors contributing to the BPH resurgence. Other factors contributing
to the BPH resurgence are sub-lethal doses, rates and timing of pesticide application; reproduction stimulation
following insecticide use; the application of insecticide-induced plant growth; methods of pesticide
application; and rice varieties genetic resistance [15, 16]. Sub-lethal doses of the same compounds such as
synthetic pyrethroids, carbamates and organophosphorus induced the resurgence of Delphacid [17]. BPH
resurgence commonly occurs following insecticides use to susceptible rice varieties TN-1. At other site,
biochemical changes at resistant varieties IR-36 due to insecticide application was not quite
characteristically observed [18]. The application of pesticides in repetitive ways and spiraling increase
(pesticide syndrome) reported might influenced the decrease of natural enemies, as well as insect pest
resurgence and causing population outbreak of secondary pest outbreaks [19]. Three times spray of sub-
lethal doses of deltamethrin and bifenthrin resulted higher BPH population, also increasing the feeding rate
of BPH and reproductive rate of aphids. In addition, the organophosphorus compound (azinophos
methyl) might improve nutrition and affect the hormones of reproduction of Myzus persicae [15, 20,
21].

The repetitive spray of different compounds of insecticides at a similar site of target might causing
to the resistance emerge against insecticides in Vietnam, particularly at Red River Delta [22].
Unfortunately, information on insecticide usage by farmers is inadequate, and diminutive evidence is
accessible onthe efficacy of the insecticide to control BPH population dynamic in Yogyakarta.
Therefore, to determine the insecticide application against BPH, we expected to define either the usage
of insecticides and its impact on BPH, predators and neutral insects in irrigated rice fields in Yogyakarta
Indonesia.

Based on research result, the BPH population in Inpari 32 HDB was significanty lower than in
Inpari 42 GSR at age 40th after planting or on the day of first insecticides application (Figure 1). Then,
on day 4th after insecticides application, the BPH population significantly decreased in Inpari 42 GSR
and Inpari 32 HDB. The BPH population was higher in Inpari 42 control and Inari 32 HDB control than
in Inpari 42, and Inpari 32 applied with insecticides. Interesting results were found on day 121" after the
first insecticides application or day 2" after the application of the second insecticides until day 50". In
contrast, the BPH population in all insecticide plants was significantly lower than BPH population in all
control plants (P<0.05). In this research, farmers sprayed insecticides twice. The first application was
on day 40th of planting age, with insecticide usage of spinetoram 120 g/l with

3
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concentration 1 ml I* and spray volume 250 | ha. Another insecticide used triflumezopyrim 106 g/l
was applied to the rice plant on day 40™ with a concentration 1 ml I* and spray volume 250 | ha*. Ten
days after the first application, at day 50™of plant age, the second spray was conducted using pimetrozin
50% with a concentration of 1 g It and spray volume of 250 | ha. Research conducted by Nakata in
Vietnam, farmers in the northern part apply insecticides using tanks of knapsack sprayers with spraying
volumes of 12 to 18 | per 360 m? of farm size. They applied the mix of quite a few marketable products
into one tank.

Nevertheless, most farmers applied a single package of insecticide in one tank. Still, they then
adjusted the concentration of insecticide, which might be higher or lower than the instruction dosage
depending on their input cost of the insecticide price or the incidence of diseases and occurrence of
insects. The BPH (Nilaparvata lugens Stal.) population and WBPH-white-backed planthoppers
(Sogatella furcifera) were influenced by active ingredients compound and crop seasons. Non-selective
compounds lean towards decreasing either BPH or WBPH population, while the selective compound
failed to reduce BPH population [23].
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Figure 1. The population of BPH from day 0 (the day of first insecticides application) until day 50t

The world has long been concerned about how the unselective application of pesticides is the
primary causal of the most important outbursts of insect pests [24]. One pest outburst was the occurrence
of BPH across several Asian countries which grew rice during 2005 until 2012. Using insecticides which
was broad - spectrum to control the pest insect affected natural enemies and boosted planthopper
outbreaks. In Bangladesh, pesticide application to the rice field increased by 200% in 1997 to 500% in
2014, which might negatively impact the non-target and susceptible organisms and harm the
environment [25, 26, 27, 28, 29]. Results showed that the spiders population in all plants was in average
50 per 30 plants at plant age 40 days or at the day of first insecticides application(Figure 2). Then at day
3 after insecticides application, spiders population slightly decrease both in Inpari 42 GSR and Inpari
32 HDB. Extra decrease of spiders population was found at day 13" after first insecticides application
or day 3" after second insecticide application until day 30™, resulted in spiders population being
distinctively lower in all plants sprayed with insecticides compared to control plants (P<0.05). In
Vietnam, the spider's population increased the numbers of BPH [23]. According to [30], spiders
significantly diverged across landscape categories and the bund width. A positive association was
presented between landscape and predator diversities. Landscapes typically encircled with forest or
fruit
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Compactly habitats of perennial crops surround trees, and the whole area of rice and less annual crops
increased the population of spiders. The perennial habitat grew closely, 10-30 meters to rice plots. In
this landscape, small and narrow muddy canal flows between rice fields and agricultural roads,and some
weeds grow along the canals. This landscape has a shallow sound irrigation system and a wider bund.
The width of rice bunds separating smallholder plots is 25-30 cm—increasing bund width and resulting
in spider populations. Wider bunds might have more significant numbers of weed species that might
induce a higher population of spiders. However, there was no significant association between spider and
weed species numbers at bunds [31].
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Figure 2. The population of spiders from day 0 (day of first insecticides application) until day 50"

One of the predatory insects which potentially function as biological agents are members of familia
Coccinellidae. Their imago and larvae stages are predators of aphids, planthoppers, and leafhoppers [32,
33]. They more actively prey at light times rather than in the dark [34]. In the case of Synharmonia
conglobata Linnaeus, a member of Coccinelids preys 1.18 individuals WBPH per day at a light time
while preys only 0.94 individuals/day in the dark period [35]. The attack effectiveness of predators is
affected by environmental factors, including seasonal variation, humidity, light, rainfall, temperature,
wind, host plant condition, and level of prey density [36, 37]. Our research showed that in all plants,
both in insecticides application treatment and noninsecticides treatment (control), the population of
Coccinelids was mostly constant with an average of 2 per 30 plants at the day of first insecticides
application (plant age 40 days) until 59 days of plant age or day 19" after first insecticides application
(Figure 3). A significant increase in the Coccinelids population occurred from 60 until 90 days of plant
age in plants without insecticides (P<0.05).
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50th

At 40 days of plant age, the average population of Cyrtorhinus was 2-3 per 30 plants. Then, on
day 1st after the insecticide application, their population decreased until day 17th (up to zero). It was
shown that Cyrtorhinus was significantly affected (P<0.05) by insecticides in both at first application
and the second application of insecticides, resulting in a substantially lower population than in control
plants (Figure 4). However, in all plants, the Cyrtorhinus population began to increase at 40 days of
plant age (day 20th after the first insecticide application or day 10th after the second) until 90 days of
plant age. In Vietnam, the population of mirid bugs amplified the numbers of BPH and WBPH [23].
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Figure 4. The population of Cyrtorhinus sp. from day 0 (day of first insecticides application) until day
50th

In all plants, both in insecticide application treatment as well as noninsecticides treatment
(control), the population of Paederus, was typically relentless with 1-2 per 30 plants at the day of
first
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insecticides application (plant age 40 days) until 59 days of plant age or day 19™ after first insecticides
application (Figure 5). However, significant population growth of Paederus occurred at 60 until 90 days
of plant age in plants without insecticides compared to the insectides plants (P<0.05).
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Figure 5. The population of Paederus sp. from day 0 (the day of first insecticides application) until
day 50"

On day 0 of the first insecticide application (40 days of plant age), the average population of
Ophionea was 0.5 — 1.5 per 30 plants (Figure 6). The population increased slightly even on day 1%after
the insecticide application, except for Inpari 42 GSR, sprayed with spinetoram. However, on day 10"
after the first insecticide application, the Ophionea population (2 — 2.5 per plant)was not different among
treatments. On day 71" after the second insecticide application, the Ophionea population decreased to 0.5
per plant, then increased on day 20th after the first or day 10th after the second insecticide application.
It was shown that Ophionea was significantly affected (P<0.05) by insecticides at first and second
applications, resulting from a substantially lower population than in control plants. In addition,
Ophionea population began to increase sharply at 60 days of plant age (day 20™ after the first insecticide
application or day 10th after the second insecticideapplication) until 90 days of plant age.
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Figure 6. The population of Ophionea sp. from day 0 (day of first insecticides application) until day
50th
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Besides predators as natural enemies, this research also observed neutral insects. It plays an
essential role in a balance of an ecosystem and is a bioindicator of the injury of the ecosystem. The
presence of neutral insects is vital in harmonizing the ecosystem and is a sign of a good or poisoned
classified ecosystem. Nowadays, the use of bioindicators has been progressively significant through
determining the association between biotic factors and the abiotic, particularly the pesticide application
to the rice field. The differences in pesticide application are assumed to affect thepopulation dynamic of
neutral insects [38]. The neutral insect population in Inpari 32 HDB was significantly less than in Inpari
42 GSR at 40 days of plant age or day zero (the day of first insecticidesapplication). Then at 48 days of
plant age, the neutral insect population in plants sprayed with insecticides was significantly lower at day
8™ after insecticides application (P<0.05). This trend occurred until day 59 of plant ages or day 19" after
the first insecticide application. However, the population of neutral insects was not different among
treatments at plant age 70 days or day 30™ after applying the first insecticide (Figure 7).
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Figure 7. The population of neutral insects from day 0 (day of first insecticides application) until day
50th

4. Conclusion

The population of BPH was reduced from 30 -50 nymphs per 30 plants to 10 nymphs per 30 plants
beginning on day 12" after pimetrozin 50% application or on day 2" after spinetoram and
triflumezopyrim insecticides application until day 50. In contrast, the BPH population in all insecticide
plants was significantly lower than in all control plants and did not increase until harvest. Predators such
as Paederus sp and Coccinelids were unaffected by all insecticides such as spinetoram, triflumezopyrim,
and pimetrozin, except Ophionea sp, Spiders, and Cythorinus sp., which significantly reduced the
application of insecticide. However, their population recovered on day 30" after the first insecticide
application. Within the fluctuated population of BPH, rice productivity of Inpari 32 HDB and Inpari 42
GSR applied with insecticides were 9.52 ton ha and 10.60 ton ha*, while Inpari 32 HDB control and
Inpari 42 GSR control 9.44 ton ha* and 10.72 ton ha™.
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