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Abstract. Demand for biofertilizers and biopesticides are increasing in line with rising
public consent on healthy food and environmental safety. Biofertilizer and biopesticide
for rice have been formulated and those necessary to be tested in the field. The
objectives of this field experiment were to test the effect of the formulation on the
population development of brown planthopper (BPH) - Nilaparvata lugens (Stél, 1854)
and the virus they transmitted. Split—plot design experiment was conducted in the farmer
paddy fields. The main plot was varieties and biofertilizer and biopesticide were used as
subplot. The population of BPH and natural enemies were surveyed using sweep net.
The viral infected plant was checked by using iodine—test, while virus disease symptom
was observed visually parallel with population census. The results showed that BPH
utilized rice nursery as refugee during pre-rice transplanting. Reproduction rate of
invading generation to the first generation on the Prb and Agm treated plots were lower
than other treatments. The Agm application reduced virus disease symptom during the
vegetative stage and kept virus-infected lower than other treatments in the early
generative stage. Inpari 42 variety has a high ability to suppress the level of viral
infection to be disease symptoms. It indicated that Agm was not only function as a
biofertilizer but also biopesticide and can be integrated with Inpari 42 to manage rice
virus diseases transmitted by BPH.
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1 Introduction

The increased rice production in Indonesia since the green revolution has been supported by
intensive use of inorganic fertilizers and synthetic organic pesticides on soil and plants.
Demands for increased production driven by population increases cause the process of
degradation of soil fertility, especially on the lowland rice field, such as a decrease in the
quality of physical, inorganic, and soil biology that results in a decrease in soil quality
[1-3]. The use of inorganic fertilizers and synthetic organic pesticides can quickly increase
the production of rice, but intensive farming will adversely affect the environmental
sustainability of the production system due to increased greenhouse gas emissions and
irrigation water pollution [4].

The long—term use of inorganic fertilizers and synthetic chemical pesticides has
negatively affected farmers, consumers, and the environment in Indonesia [5, 6]. Over the
last few years, some farmers have begun to apply biopesticide, because it not only reduce
production costs but also improves product quality as well as is environmentally friendly
[7]. Biological pesticides are formulations that contain both single and multiple microbes in
one carrier with a function to protect plants against pests and diseases [8]. Microbes that are
formulated are useful microbes and are not plant pathogens. Some microbes that are used as
biological pesticides include nuclear polyhedrosis virus, Trichoderma sp, Lecanicillium
lecanii, neem seeds [9, 10].

The Ministry of Agriculture until September 2017 reported that brown plant hopper
(BPH) has attacked 67 x 10° ha of rice plantations in 17 provinces. Although the area of
BPH attacks was only 0.47 %, or less than 5 % of the planting area at that time, 9 x 10° ha.
At a macro level, it does not pose a serious threat to national rice production. However, for
134 000 farmers who work on an average of 0.5 acres, if their crops are attacked greatly
affects their production and income [11].

The existence of grassy stunt virus disease (GSV) and rice dwarf virus disease (RDV)
are influenced by BPH as a vector and virus as pathogens, hosts, and the environment,
called pest or disease triangle, coupled with cultivation practices rice carried out [12].
Changes in one component will affect the intensity of the disease, as well as the presence of
pests. The increase in BPH attacks in Indonesia in 2017 that did not occur in Vietnam and
Thailand was the result of the acceleration of planting and an increase in planting index so
that hosts were available throughout the year, plus the 2017 dry season conditions with
many rainy days during the dry season [13]. Other factors that have contributed to BPH
attacks and diseases include planting BPH susceptible rice varieties, the use of banned
insecticides for rice, and the irrational application of chemical pesticides that are not based
on observations [11].

At present various biofertilizer and biopesticide formulas have been produced by
various research institutions, universities, farmers, or the private sector, but those
circulating in the market or used by farmers are still limited [14]. Those the objectives of
this field experiment were to test the effect of the formulation of biofertilizers and
biopesticides produced by the Biofertilizer and Biopesticides Consortium organized by the
Indonesian Agency for Agricultural Research and Development to the population
development of BPH and the virus they transmitted.
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2 Materials and methods

2.1 Application for controlling the brown planthopper

Field trials were conducted in Sidowayah Village, Polanharjo District, Klaten, Central Java
Province from May to September 2018. The experiments were carried out using a Split—
Plot design. The main plot was planted with varieties of Inpari 33 (resistant to BPH), Inpari
43 (resistant to BPH and GSV or RDV), and Ciherang (susceptible). Sub—Plots of
biological fertilizer and pesticide formulas treatment consisting of: (i) Biorama—Balithi
(Bor); (ii) Provibio—IPB (Prb); (iii) LOB-LIPI (Lop); (iv) Agrimet—Balittanah (Agm); (v)
Beuvarian—-BBPadi (Bev); and (vi) Chemical pesticides (Cem).

Land preparation was carried out in the following wet ways: (i) paddy fields were
flooded as high as 2 to 5 cm for 2 to 3 days before the soil was ploughed, (ii) the land was
ploughed with a tractor and flooded for 3 d to 4 d, (iii) the dikes made wide enough and
supported to prevent seepage of water and fertilizer, and (iv) the ground was levelled up
with rakes or boards and not flooded so that conditions are humid. Seedlings were planted
at the age of 21 d after sowing (DAS). Seedlings were transplanted with a spacing of 25 cm
x 25 ¢cm which has a population of 160 000 hills.ha™".

Paddy fields were irrigated with 3 cm to 5 cm high water level since the formation
stage of tillers until 1 wk before harvesting, except when fertilizing (water conditions were
made at field capacity). Weeds were weeded when the plants were 21 d and 42 d after
transplanting (DAT) by hand or mechanically. Pest and disease control were generally
carried out using an integrated pest control approach, except for BPH adapted to the
treatment of biological pesticides in subplots. The use of chemical pesticides for pests other
than BPH, was chosen which is not effective for BPH. To get optimal plant growth Urea
and NPK fertilizer were given with a minimum dose of 150 kg.ha! Urea and 350 kg.ha™!
NPK Phonska. Phonska fertilizer was applied 100 % at planting and Urea fertilizer was
given 1.3 part™ each time at age (7 to 10) DAT, (23 to 30) DAT, and (40 to 45) DAT.

Observation of BPH, natural enemies, and other neutral insects was carried out once
during the fallow period of paddy field, at the time of the nursery when the nursery was 14
DAS, after planting the plants were observed at the age of (21, 42 and 63) DAT.
Observations were made using the insect net, for each unit of the sample carried out 20
single swings (SS). BPH population was observed from 3 sample units for each variety.
The catch every 20 times SS was put into a 1 kg plastic bag given 10 % alcohol to be
further identified its type and counted their number in the laboratory. Generation
identification and calculations for estimation of population density per generation using the
modified graphical method [15] by plotting the number of BPH, natural enemies catch
insect nets for every 20 SS at the cumulative effective temperature requirements for one
generation. To make it easier, the first part is called generation Gy for invading BPH, next it
is called G;.

2.2 Application for controlling rice virus disease

A superimposed field trial in the rice seed production area was carried out at Ngale
Experimental Field, Ngawi, East Java Province from February to May 2019. The
experiments were carried out using the Split-plot Randomized Block Design (RBD), three
replications. The main plot was planted by varieties of Ciherang and Inpari 42. Subplots
were treated with biopesticides consisting of: (i) Control (Cof); (ii) Liquid Agrimeth—
Balittanah (Agm); (iii) Provibio—IPB (Prb); (iv) LOB-LIPI (Lop); (v) Beuvarian—-BBPadi
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(Bev); and (vi) Chemical pesticides (Cem).

Rice field dikes were cleaned of grass, repaired, and made rather high. Channels or
ditches were repaired and cleaned of grass to smooth the flow of water and reduce the
number of weed seeds that were carried into the plot. Plots corners were hoed to smooth the
work of the plough or tractor. Paddy fields were flooded to make them easier to plough.
The first tillage was carried out using a singkal ploughed tractor. Furthermore, the
application of manure at a dose of 2 t ha! was spread evenly and continued with the
application of biodecomposer AgroDekol. The dosage of AgroDekol biodecomposer used
was 2 kg ha'! which was dissolved in 400 L of water and left for about 7 d and flooded with
water. Furthermore, paddy field ploughing was carried out using a rotary until muddy and
flat. The land was ready for planting 1 d to 2 d later. The nursery was made using the seeds
put in a sack and then soaked in water for about 12 h and aerated for about 24 h until the
sprouts appear. Furthermore, the seeds were wrapped with biofertilizer (Agm) with a usage
dose of 500 g 25 kg™! of seeds ha! and then spread in nurseries. The seeds used were (20 to
25) kg ha™!. Fertilization in the nursery was done by administering urea and SP—36 at a dose
of 10 g m*! seedlings each at seed sowing. In addition to fertilizing, nursery maintenance
measures implemented are pest control and irrigation. Pest and disease control were
generally carried out using an integrated pest control approach, except for BPH adapted to
the treatment of biological pesticides in subplots. The use of chemical pesticides for pests
other than BPH was chosen, which is not effective for BPH.

Rice seedlings were removed for replanting at 21 DAS. Furthermore, the seedlings were
planted 2 to 3 seedlings hill™! with 4:1 (25 to 50) cm x 12.5 ¢cm x row legowo planting
system. Each unit of the experiment was separated by not planting two rows of plants and
made a dike as a border. Water supply was done intermittently (intermittent irrigation), i.e.
inundation was done at the beginning of planting up to 10 DAT. The field was dried for 5 d
to 6 d then flooded again at the height of 2 cm to 5 cm. Intermittent water management was
continued until the flowering phase. Since the phase of flower exiting up to 10 d before
harvest, the land continues to be flooded as high as about 5 cm then after that until harvest
time was dried to facilitate harvesting and simultaneous ripening.

Weed control was done chemically, manually, and mechanically. Chemical weed
control was done by spraying the Ally Plus herbicide when the plant was 7 DAT to 10
DAT. Ally Plus application dosage used was (480 to 640) g ha'l. Weed control was done
manually by pulling weeds and weed control was also done mechanically by gasrok when
the plant canopy has not closed (at the age of plants 21 DAT and 42 DAT).

Basic fertilization was given by administering manure as much as 2 t ha™! one day after
the first tillage. Further fertilization was carried out using NPK Phonska 100 % (300 kg
ha™) at the time of one day after planting. Urea fertilizer was applied at a dose of 200 kg
ha™! was given in stages 1.3 part given at the age of (7 to 10) DAT, 1.3 part™ at age (25 to
30) DAT, and 1.3 part™ at the age of (40 to 45) DAT. Adequacy of N nutrients was
monitored by leaf color chart (LCC) at intervals of 10 d until the plants are nearing
flowering.

Observation of BPH, natural enemies and other neutral insects, viral infection, and
diseases symptom were carried out at the age of (16, 37, and 60) DAT. Observation of
symptoms of the disease was carried out visually, while to find out the presence of viral
infection iodine test was done, by soaking ten pieces of leaves for 10 min. The positive
reaction to viral infection was known for the staining of purple or blue starch in phloem
vessels. Observation of disease symptoms was carried out visually on all plants on each
treatment plot. Data analysis of BPH population development data for each generation was
carried out using graphical methods for generation identification and calculations for
estimating population density for each generation [15] as in the efficacy trial of BPH,
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whereas for the analysis of the presence of disease and vector population density using
ANOVA.

3 Results and discussion
3.1 Population development of the brown planthopper

3.1.1 Pre-planting population

Tabulation of population observations during pre-planting, as shown in Figure 1. The BPH
and zigzag leathoppers (ZGL) - Maiestas dorsalis (Motschulsky 1859) were the only
insects found in nurseries, whereas white back planthopper (WBPH) was not found in
nurseries. Green leafthoppers (GRL) were found in ratoon or in nurseries. Natural enemies
of the spider type were found to be dominant than other types of predators. The fallow
period gives meaning to control insect population because it can cut off the pest's life cycle
[16], but also interferes with the development of natural enemies due to reduced their prey
[17].

The application of integrated pest control based on ecological engineering by planting
pollen—producing flowering plants in a short period time has not significantly increased the
population of natural enemies [18]. Rice planting in the experiment was planned to use rice
transplanting machine, but a small proportion of transplanting plants. Making nurseries for
transplanting plants provides an opportunity for BPH to develop before the transplanted
rice was planted [19] and transmits the virus to subsequent rice plants. BPH and GRL in
nurseries can be controlled by seed treatment with neem [20].
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Fig. 1. Density of insect and spider populations during pre— planting. BPH: Brown planthopper;
WBPH: Whitebacked planthopper; GRL: Green Leathopper; ZLH: Zigzag leathopper.

3.1.2 Population density of immigrant generation (GO)

Population density of immigrant generation or also known as GO can be seen in Figure 2.
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Fig. 2. Population density of immigrant generation (GO) (A) and Population density of generation one
(G1) with immigrant population (GO) which has been adjusted (B). BPH: Brown Planthopper;
WBPH: Whitebacked planthopper.

The BPH of immigrant generation was only found in rice plant blocks of Inpari 33 and
Ciherang varieties, in the treatment of Lop, Bev and Prb. WBPH was found in all three
planting blocks of Inpari 33, Ciherang and Inpari 43 varieties. During the vegetative phase,
natural enemy species were found mostly spider species, in all varieties of blocks and
treatment plots. The BPH population density between treatment plots did not distribute
evenly (Figure 2A), because the BPH spatial distribution pattern was reported in the cluster
category [21]. To equalize the initial population density in each plot, BPH of the Klaten
population, which was maintained in the BB Padi Greenhouse was released. Each
population density treatment plot was adjusted to tree female macropterous and two male
macropterous per— plot (Figure 2B).

3.1.3 Population density of generation one (G1)

The development of the population density of immigrant generations that have been
equalized in each treatment can be seen in Figure 2B. The BPH population density
decreased, in all treatment plots except in Bev treatment plots and the lowest in Prb and
Agm treatments. The Prb and Agm were both recommended biofertilizers to conserve the
use of fertilizer for rice plants. The results of this study as well as reported by Ramli et al.
[22] both biopertilizers were not only as plant growth promoter but also as biopesticide.
Singh et al. [23] reported that Trichoderma spp. also has a dual function. Secondary
metabolites produced by Trichoderma spp. such as harcianic acid, harziapyrydone,
harzianolide, viridian, 6—pentyl-2H— pyran—2-one and koninginins function as biological
controllers by the mechanism of resistance induction, antibiosis, myco-parasitism and
competition, besides growth regulators [24]. The Agm is a biofertilizer formula consisting
of non—-symbiotic N—fixing bacteria, P—solubilizing bacteria and phytohormone—producing
bacteria which can increase rice productivity [25]. The Prb contains nine beneficial
microbes, namely No—fixing bacteria, phytohormone-producing microbes, antibacterial
compound—producing microbes, cellulose and lignin- decomposing microbes, and pest
control bacteria [26], while Agm also contained Rhizobium sp., symbiotic N2—fixing
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bacteria [27]. The addition of Prb can save NPK fertilizer 50 % with a yield of 6.96 t ha™!
[28].

3.1.4 Rate reproduction of immigrant generation

Population development was highest in the Bev treatment and lowest in Prb and Agm
(Figure 3A). The low reproduction from GO to G1 has nothing to do with the ratio between
the population density of BPH with spiders as can be seen from Figure 3B. The ratio of
BPH population density to spiders was not lower than the ratio in plants treated with Agm
and Prb, it was suspected that the role of biopesticides suppresses the development of BPH
population density. The Prb besides contains a consortium of phytohormone—producing
bacteria and pest control bacteria [26], while Agm contains Rhizobium bacteria that affect
plant immunity [29]. The population density of generalist predators such as spiders in the
early vegetative stage of rice plant growth is highly dependent on the abundance of
populations of decomposer insects and plankton—eating insects [30].
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Fig. 3. G0-G1 reproduction (A) and the ratio of BPH to spiders (B) in Klaten 2018.

The BPH population reproduction from GO generation to G1 generation in experiments
at KP. Ngale Figure 4A was the same trends as the experiments in Sidowayah Village,
Polanharjo District, Klaten, Central Java District (Figure 3A) which was lower in plants
treated Agm and Prb compared with other treatments, as well as the BPH ratio with higher
spiders in Agm and Prb compared with other treatments (4B). This result was consistent
with the results of testing in Klaten (Figure 3B).
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Fig. 4. GO—GI1 reproduction (A) and the ratio of BPH to spiders (B) in KP. Ngale 2019.
3.2 virus infection and disease incidence

3.2.1 Virus infection and diseases symptom at vegetative stage

Infections during the initial vegetative phase when plants were 16 DAT in the Ciherang
variety were higher than Inpari 42, which were respectively 53.3 % and 46.7 % (Figure
5A), supporting the report of laboratory test results [31].
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Fig. 5. Viral infections based on iodine test on Ciherang and Inpari (A) and (B) at each treatment
during the initial vegetative phase (16 DAT).

The ability of the Inpari 42 variety to suppress viral infection by 12.4 % is also likely due to
resistance to BPH [32]. The lowest percentage of infections was in Agm treatment (Figure
5B)

Infection at the end of the vegetative phase (37 DAT) in the Ciherang variety and Inpari
42 variety did not differ 80 % and 85 % respectively (Figure 6A), but the symptoms of
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diseased plants that appeared in the Ciherang variety were 42.61 % higher than the
symptoms in the variety inpari 42 which is only 6.72 % (Figure 6B). The ability of Inpari
42 variety suppresses the onset of symptoms by 84.1 %. Positive plants infected with
viruses were almost the same in all treatments between 73.33 % to 91.63 % (Figure 7A),
but the symptoms of the disease that appeared significantly lowest in the treatment of Agm
20.5 % followed by Cem treatment 22.83 % (Figure 7B)
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Fig. 6. Condition of viral infection based on iodine test (A) and symptoms of disease (B) mid
vegetative stage (37 DAT). Note: V1: Ciherang; V2: Inpari 42.

Liquid Agm could suppress disease symptoms by 21.4 % compared to controls.
Reduced symptoms of disease in rice plants that are transmitted by vectors due to the
application of biopesticides are likely due to induce resistance which reduces the ability to
suck vectors and induction of plant defend mechanisms [33]. Rice plants also have the
ability to recover from diseases in vegetative stages [34].
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Fig. 7. Condition of viral infection based on iodine test (A) and symptoms of disease (B) mid
vegetative stage (37 DAT). Note: V1: Ciherang; V2: Inpari 42.
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3.2.2 Virus infection at generative stage

In the generative phase of age 60 DAT, symptoms of the disease cannot be observed
visually. Viral infection in the early generative phase in Ciherang (93.3 %) remained higher
than Inpari 42 (78.9 %) (Figure 8A).

The lowest positive virus infected plants in treatment Agm reached 78.3 % compared to
controls and other treatments ranging from 85 % to 90 % (Figure 8B). Virus diseases
transmitted by BPH causes significant rice yield losses in south, Southeast and East Asian
Countries [35]. The Agm application causes rice plants to suppress viral infections in the
early vegetative stage and in the early generative stage, possibly due to changes in plant
immunity due to Rhizobium infection [29].
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Fig. 8. Virus infection conditions in the initial generative stage (60 DAT) in Ciherang and Inpari 42
(A) and virus infection in each treatment (B).

4 Conclusions

Based on the aforementioned results those can be concluded that the rice nursery was
became BPH refugee from pre—planting conditions to new rice plants in the transplanting
system. The BPH reproduction from G0 to G1 was lowest in the treatment of Prb and Agm.
Besides being able to supress vector reproduction, Agm application can also suppress
infection in early vegetative phase of rice plants, as well as significantly reduce the
symptoms of virus disease at the end of the vegetative phase. Inpari 42 rice variety showed
a high ability to suppress the level of viral infection to become a symptom of the disease.
Inpari 42 rice variety and Agm biofertilizer could be integrated into rice virus disease
management to control grassy stunt virus transmitted by BPH.

This research was part of the Biofertilizers and Biopesticides Consortium, which was funded by
Indonesian Agency for Agricultural Research and Development (IAARD) for research grant no. 1-
807-204-56 in 2018 and no.1-807-207-B-2 in 2019 fiscal years respectively. The authors would like
to thank to Dr. Rahmini from Indonesian Center for Rice Research for providing Beuvaria bassiana
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