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Photorhabdus is a bacterial symbiont of entomopathogenic nematodes of the genus
Heterorhabditis in the family Heterorhabditidae. Photorhabdus is known to have
nematicidal activity in addition to insecticidal activity. P. femperata isolated from
Korean indigenous H. megidis Gwangju strain also produced high control efficacy
against root-knot nematode Meloidogyne incognita and root-lesion nematode
Pratylenchus penetrans. P. temperata has drawn interest as a potential bionemati-
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cide for the control of root-knot nematodes thereby. For the registration as an
organic agricultural material, the toxicity of P. femperata was assessed by the
acute toxicity test in carp (Cyprinus carpio) and acute oral and dermal toxicity
tests in Sprague-Dawley rat (Rattus norvegicus) in compliance with the guidelines
of the Rural Development Administration (RDA). In the acute toxicity test in fish,
neither lethality nor abnormal responses of carp were observed. Body length and
weight of carp and changes in DO concentrations and pH values were not
significantly different between the treated group and the untreated control. In the
acute oral and dermal toxicity tests, clinical signs, abnormal behavior, mortality,
and pathological findings were not observed in all the experimental rats. The
weight increment of all rats was normal. Acute toxicity results of P. femperata in
fish and rats belonged to categories III, IV, and IV of RDA, respectively. Toxicity
results of the present study indicated that P. femperata could be a safe and
promising bionematicide against root-knot nematodes and root lesion nematode.

Key words : acute toxicity, symbiotic bacteria, entomopathogenic nematodes,
Photorhabdus temperata, Heterorhabditis megidis

I . Introduction

Photorhabdus temperata is an entomopathogenic bacterium symbiotically associated with
nematodes of the family Heterorhabditidae (18). The natural habitat of P. femperata is in the
intestinal lumen of entomopathogenic nematodes (EPNs) Heterorhabditis megidis, NC subgroup
of H. bacteriophora, H. zealandica, and H. downesi (24). Since EPNs are highly virulent to
broad insect pest hosts and safe to vertebrates, plants, and other non-target organisms, there has
been tremendous research and commercial interest in EPNs in the genera Steinernema and
Heterorhabditis themselves and their symbiotic bacteria, Xenorhabdus for Steinernema and
Photorhabdus for Heterorhabditis (14, 15). These symbiotic bacteria, Xenorhabdus and Photor-
habdus can be used as eco-friendly control agents for insect pests independently of the
nematodes through their insecticidal activities (13, 30) and even as biocontrol agents for
plant-parasitic nematodes through their nematicidal activities (1, 32, Park, unpublished data). As
an example of nematode control by EPN-associated bacteria, X. nematophila, and P. luminescens
isolated from S. carpocapsae and H. bacteriophora, respectively, reduced egg hatching of
root-knot nematode Meloidogyne javanica (26). And P. temperata and P. luminescens isolated
from H. megidis Gwangju strain and H. bacteriophora Hamyang strain, respectively, showed
high control effect against M. incognita and root-lesion nematode Pratylenchus penetrans in

laboratory experiment (Park, unpublished data). Apart from the importance of root-lesion
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nematodes, root-knot nematodes in the genus Meloidogyne are the most serious plant-parasitic
nematodes. These nematodes are an economically important polyphagous group of highly adapted
obligate plant parasites and distributed worldwide and parasitize nearly every species of higher
plants (19). More than 90 Meloidogyne species have been described from over 3,000 plant
species designated already as hosts to root-knot nematodes in the year 2003 (28). The most
abundant and damaging root-knot nematodes are M. incognita, M. javanica, and M. arenaria
from Mediterranean and tropical areas, and the temperature species M. hapla (17). In Korea,
these four species of nematodes M. arenaria, M. hapla, M. incognita, and M. javanica have
been frequently found from many economic crops and field plants including weeds, especially
M. hapla and M. incognita being main and serious root knot nematodes on important crops in
greenhouses and large-scale crop farming (6, 7). Root-knot nematodes are extremely serious
pests that are challenging to their control. Chemical nematicides are the main tools for the
control of root-knot nematodes in economic crops. However, indiscriminate and repeated
application of pesticides leads to loss of biodiversity, pest resistance, and other ecological
imbalance (16). Growing dissatisfaction with chemical nematicides due to their health and
environmental hazards has prompted much effort towards agronomically durable, economically
feasible, and environmentally safe alternatives for such chemicals. Biological control agents are
such promising alternatives including symbiotic bacteria of EPNs (2). More recently, symbiotic
bacteria of H. bacteriophora, H. megidis, S. carpocapsae, and S. feltiae have turned out to be
effective biological control agents for pinewood nematode Bursaphelenchus xylophilus and
root-knot nematodes M. incognita and M. javanica (24, 25, Park unpublished data). Nematicidal
activity is one of the broad bioactivities of Xenorhabdus and Photorhabdus. Although both
bacteria produce nematicidal and highly effective insecticidal activity, they are not hazardous to
vertebrates except P. asymbiotica isolated from human clinical specimens in the USA and
Australia (5, 10). That is, X. nematophila, X. bovienii, and P. luminescens isolated from S.
carpocapsae, S. bibionis, and H. bacteriophora, respectively, produced no disease symptoms,
signs of infectivity, pathogenicity, toxicity, and/or harmful effects on leghorn chicks, adult albino
mice, guinea pigs, and rats (20, 21). However, there are no safety and toxicity data reported on
P. temperata to date.

Nevertheless, the safety and nematicidal activity of these bacteria have aroused interest in the
development of P. temperata and P. luminescens as bionematicides against root-knot nematodes
(Park, unpublished data).

For P. temperata or any other organic agricultural material to be allowed as bionematicide in

Korea, it has to be registered by submitting mammalian and environmental biotoxicity data to



106 Park, Sun-Han - Chung, Nam-Jun - Choo, Young-Moo - Kim, Young-Joon - Kim, Jin-ho

the Rural Development Administration (RDA) (24). Many countries such as the USA and most
European countries exempt the registration of EPNs (29), but information on registration of
Xenorhabdus and Phtorhabdus as agropesticides is rare. Toxicity assessment of organic agricul-
tural materials is generally made through acute toxicity tests, following the guidelines of RDA.

Therefore, acute toxicity tests in fish and acute oral and dermal toxicity tests in rats were
carried out to assess the toxicity of P. temperata in compliance with the guidelines of RDA. The
present study will contribute to the development of bionematicide with symbiotic bacteria for the

biocontrol of root-knot nematodes.

IT. Materials and Methods

1. P. temperata and Symbiotic Nematode

The symbiotic EPN, H. megidis was isolated from the sawtooth oak (Quercus acutissima)
forest of Mt. Mudeungsan in Gwangju, Gwangju Metropolitan City using the Galleria mellonella
(L.) trapping method (8). The infective juveniles emerged from G. mellonella cadavers were
harvested in White traps and stored at 10C for no more than 3 weeks before they were used.
To isolate P. temperata, G. mellonella larvae were exposed to 20 infective juveniles of H.
megidis per larva. Two days later, larvae were sterilized by dipping into 10% sodium hypo-
chlorite and rinsed three times in sterilized distilled water. Then, hemolymph was collected from
surface-sterilized G. mellonella cadavers with a sterilized 26Gx1/2” syringe (Jung Rim Medical
Industrial Co. Ltd., Korea). A drop of collected hemolymph was streaked on NBTA and cultured
at 28°C for 48 hrs. The Photorhabdus colonies were selected 48 hrs later and cultured on the
same medium for 48 hrs. This culture was transferred into 250 mL Erlenmeyer flask containing

20 mL tryptic soy broth (TSB, Difco) and cultured at 25°C for 48 hrs.

2. Formulation of P. temperata for Acute Toxicity Tests

P. temperata cultured in TSB at 25°C for 48 hrs was transferred into 500 ml Erlenmeyer flask
containing 300 mL modified nutrient broth (MNB) (g/liter: egg yolk 0.625, cholesterol 0.025,
lecithin 0.125, sweet whey powder 2.5, NaCl 2.5, KH,PO, 0.625, yeast 1, peptone 3.75) and
cultured at 25°C initially. Mass production was made in fermenter by transferring culture into a

gradually larger fermenter as follows; 300 mL of culture was transferred into 30 L optimized
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MNB in a 50-liter fermenter and cultured for 48 hrs. Again, 30 L of culture was transferred into
a 3,000 L culture medium in a 5,000-liter fermenter and cultured at antibiotic and optimal
culture conditions for 48 hrs. Then, 3,000 L of culture received 1.5% Na-alginate and 1.0%
starch as microcapsule substance and stabilizer, respectively. Finally, 3,000 L of microcapsule
formulation culture was diluted with the same amount of 3,000 L of water containing efficacy
enhancer and penetrant at the ratio of 50:50 to quantify. This formulation was used in the acute

toxicity test in fish and acute oral and dermal toxicity tests in rats.

3. Acute Toxicity Test of P. temperata in Fish

The healthy carp (Cyprinus carpio) was used in the acute toxicity tests of P. temperata based
on the nominal concentration of main ingredient input ratio because OECD recommended 2-4
cm long carp or 1-2 cm long Japanese rice fish (Oryzias latipes) for toxicity test in fish (24).
Thus, the acute toxicity test was conducted in carp, following the guidelines of RDA and OECD
as environmental biotoxicity testing (21, 22).

Because lethality of carp was not observed at the limit test concentration of 10.0 mg/L in the
preliminary test, a fixed concentration of 10.0 mg/L of P. temperata product was treated to
acclimated healthy carp in the acute toxicity (23). The test was performed in the 24 L (38.0 x
@ 30.0 cm) glassware with ten carps at the Fish Experimental Room of the Korea Bio-safety
Institute KBSI) (Eumseong, Chungbuk province) for 96 hrs. Before the test, carps were
acclimated in a 80 L cuboid water tank (30x60x45 cm) in the Fish Breeding Room, Good
Laboratory Practice (GLP) Research Building of KBSI for 7 days. The tank was continuously
acrated to keep 80% or more of the saturated concentration of dissolved oxygen. More than
110% of needed carps were maintained at 20-24°C under a 16 hr-light and 8 hr- dark cycle. The
carp were fed once a day and fasted for 24 hours before the test. The carp was provided with
one-week purified groundwater, which was filtered successively through 1.0, 0.5, and 0.1 pum
filters. The same number of carps was used in the negative and positive control groups.
Negative control group received groundwater, whereas positive control group was treated with
pentachlorophenol sodium salt (C¢ClsNaO) (Kanto Chemical, Japan Lot. 30602312) at the rate of
0.050, 0.071, 0.100, 0.141, and 0.200 mg/L (common ratio 1.41) (23).

Body abnormality, abnormal swimming, hemorrhage, and mortality were observed at times 3,
24, 48, 72, and 96 hrs after treatment. Mortality was decided by stopping gill breath and
motionlessness when touched with a glass rod. The length and weight of all the tested carps

were measured. Water quality, water temperature, pH, and dissolved oxygen concentration (DO)
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were examined every day during the test. The pH and DO were measured with Orion 4 star
(Thermo Scientific, USA). Hardness of carp was measured by taking a sample from the negative
control group before the carp exposure. Water temperature was 20-24C both in the control
group (negative and positive) and treated group. The pH values were 6.91-7.71 in the control
group and 6.81-7.83 in the treated group (Table 2). The dissolved oxygen was over 60% of the
saturated concentration, i.e., 94.0-110.5% in the control group and 67.0-112.2% in the treated
group during the test (Table 2). Statistical analysis was not made as the test was terminated at
the limit test concentration of 10.0 mg/L.

Acute toxicity values were expressed as LCsy, following the criteria of the Globally Har-

monized Classification System (GHS) (23, 27).

4, Acute Oral and Dermal Toxicity Tests of P. temperata in Rat

For the acute oral and dermal toxicity tests of P. temperata as mammalian toxicity testing, the
Sprague-Dawley rats (Rattus norvegicus) were used. The rats were obtained from the Hanrim
Laboratory Animal Research Institute (Hwaseong, Gyeonggi province). The female rats were
used in the acute oral toxicity test, whereas female and male rats were used in the acute dermal
toxicity test. The tests were also performed at the Korea Bio-safety Institute (KBSI) (Eumseong,
Chungbuk province).

The acute oral toxicity test was conducted in female rats in compliance with the guidelines of
RDA (23). The female rats were acclimated in a polycarbonate cage (26x42x18 cm) for a week
before the test. The acclimation and test were made under the environmentally controlled
conditions of 23+2°C, 50+10% relative humidity, 12- hour light (from 7:00 am to 7:00 pm), and
dark cycle, and illuminance of 200-300 lux. Rats were fed with a certified rodent diet (Cargill
Agri Purina, Inc., Korea) and filtered groundwater was provided. Rats were fasted for 12 hours
before administration and fed again from 3 hours after administration. The administration was
made in two steps with eight-week-old female rats; the weights of rats were 193.0~197.5 g in
step 1 and 203.0~207.5 g in step 2. Three healthy rats were included in each test unit. Each rat
was marked with picric acid on the body, while cages contained three rats with different tags.
Oral administration was made at a fixed dose of 2,000 mg/kg body weight (BW) both in the Ist
and 2nd steps because no lethality was observed for 72 hours in the 1st step. The dose was
administered to the rats based on their body weight. The control received distilled water. Then,
general toxic symptoms and death cases were examined for two weeks; at 30 min, 1, 2, 3, and

4 hrs after administration on the 1st day and once a day from 2nd to 14th day. Every rat was
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weighed just before administration and on the 1st, 3rd, 7th, and 14th day after administration.
All the survived rats were anesthetized with CO, gas at the end of the test and performed
necropsy (23). Acute toxicity values were expressed as LDsy following the criteria of the GHS
(23, 27).

The acute dermal toxicity test on female and male rats was also conducted under the
guidelines of RDA (23). Eight-week-old female and male rats were used in the test. The weight
of female rats was 218.5~225.0 g and that of male rats 260.0~270.0 g. The rats were acclimated
in a polycarbonate cage (26x42x18 cm) for a week before the test. The acclimation, feeding,
and testing were as described above. Five healthy rats were in each test unit. Rats and cages
were marked as described above. Ten rats in total, five females and five males were used, which
were randomly selected and assigned. P. temperata was treated with a single dose of 4,000
mg/kg BW. Every rat was weighed just before treatment. One day before treatment, each rat
was clipped to a size of 5x6 cm with an electric clipper (Joas Co., Namyangju, Gyeonggi,
Korea) and administered onto 4x4 cm size. Gauze containing given dosage was wrapped with 3
M™ Coban™ self-adherent wrap (3M Health Care Ltd., USA). After 24 hrs, gauze was
removed and the treated part was cleaned and dried up with distilled water and medical cotton
wool, in turn. Then, clinical signs and lethality were investigated for two weeks. Examination
and weight measurement were performed as described above. Since no general toxic symptoms
and lethality were observed, a necropsy was not performed. In addition, statistics were not
processed because all the tested rats were alive. Acute toxicity values were expressed as LDs

following the criteria of the GHS (23, 27).

. Results

1. Toxicity of P. temperata in Carp

The carp exposed to 10 mg/L of P. temperata showed neither lethality nor abnormal behavior
during the experiment (Table 1). Mean body length and weight of carp were not different
between the untreated control and P. temperata treatment, which were 4.26+£0.18 cm and
0.89£0.13 g in the untreated control and 4.45+0.29 cm and 1.05+£0.24 g in the P. temperata
treatment. Changes in DO concentrations and pH values were also not significantly different
between the untreated control and the treatment (Table 2). LCs, was not determined because a

single concentration was applied based on nominal concentration and mortality was not observed.
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Thus, LCsy values of P. femperata were more than 10.0 mg/L (Table 3). This value in fish
has corresponded to category III, >2.0 mg/L for pesticide products.

Table 1. Acute toxicity of Photorhabdus temperata to freshwater carp Cyprinus carpio

Exposure time (hours)

Con No.
Treatment one 1 of 3 24 48 ) 9%
(mg/L) fish

AR | CM | AR |[CM | AR [ CM | AR | CM | AR | CM
Control 0 10 | NO | 0(10)°| NO |0(10)| NO |0(10)| NO |0(10)| NO |0 (10)
P. temperata | 10 10 | NO | 0(10) | NO |0(10)| NO |0(10)| NO |0(10)| NO |0 (10)

Note: “based on nominal concentration of main ingredient input ratio.
" Number in the parenthesis is numbers of alive fish.
AR, abnormal response; Loss of equilibrium, fish behaviour at the water surface and at the bottom,
hemorrhage, and vertebral deformation were observed.
CM, cumulative mortality
NO, normal

Table 2. Changes in water pH and DO concentration during the acute toxicity test of
Photorhabdus temperata in freshwater fish Cyprinus carpio

No. Exposure time (hours)
Conc.
Treatment .| of 3 24 48 72 96
(mg/L) fish
1 pH | DO | pH | DO | pH | DO | pH | DO | pH | DO
Control 0 10 | 7.71 | 102.1 | 7.34 | 945 | 6.96 | 94.0 | 7.32 | 103.7| 7.51 | 110.5
P. temperata 10 10 | 7.83 | 97.1 | 7.30 | 89.6 | 6.81 | 752 | 6.97 | 67.0 | 7.18 | 111.2

Note: *based on nominal concentration of main ingredient input ratio.
DO, dissolved oxygen concentration; %sat

Table 3. LCs values of Photorhabdus temperata during the experimental time

LCsp (mg/L) with time (hours)
Substance
48 96
Control NA® NA
PCP-Na salt" (15-KET-PC001) 0.08P° 0.075
P. temperata >10.0¢ >10.0

Note: * duration of reference substance (pentachlorophenol sodium salt, Kanto Chemical, Japan lot 30602312) test
from June 22, 2015 to June 26, 2015.
® not applicable
©active ingredient
4 main base material input ratio
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2. Oral Toxicity of P. temperata in Rat

There were no adverse effects on rats exposed to 2,000 mg/kg BW of P. temperata in the
acute oral toxicity test. Clinical signs, abnormal behavior, and lethality were not observed during
the two-week observation period (Table 4). The weight increment of rats was normal (Table 5).
No pathological findings were observed from all the experimental rats in steps 1 and 2 at
necropsy. Oral toxicity results of P. femperata based on LDsy value, >2,000 mgkg BW was
corresponded to the categories 5 of GHS and OECD and IV of RDA for acute oral toxicity.

Table 4. Mortality and clinical signs of rats in the acute oral toxicity test of Photorhabdus
temperata for 14 days

o i | s [ | i
1 0 NAD | NAD | NAD | NAD | NAD | NAD
1 2000 Female 2 0 NAD | NAD | NAD | NAD | NAD | NAD
3 0 NAD | NAD | NAD | NAD | NAD | NAD
1 0 NAD | NAD | NAD | NAD | NAD | NAD
2 2000 Female 2 0 NAD | NAD | NAD | NAD | NAD | NAD
3 0 NAD | NAD | NAD | NAD | NAD | NAD

Note: NAD, no abnormality detected.
Mortality was observed during all the experimental period for 14 days, but presented only the results every
three days because all the experimental rats were alive.

Table 5. Body weight change of rat during the acute oral test of Photorhabdus temperata

Dose Individual Days after administration
OO | (kg BW) | ™| number 0 3 7 14 Gain
1 197.0 221.5 231.0 261.5 64.5
1 2000 Female 2 197.5 218.5 228.0 244.5 47.0
3 193.0 220.5 231.5 251.5 58.5
Mean + SD 195.8+2.5 | 220.2+1.5 | 230.2+1.9 | 252.5+8.5 | 56.7+7.3
1 203.0 218.0 2325 260.0 57.0
2 2000 Female 2 207.5 214.5 224.5 247.5 40.0
3 220.5 2425 271.5 302.5 82.0
Mean + SD 210.349.1 |225.0+15.3|242.8425.1 |270.0+£28.8 | 59.7+17.2

Note: Weight of rats was observed during all the experimental period for 14 days, but presented only the results
of 0, 3, 7, 14 days.
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3. Dermal Toxicity of P. temperata in Rat

The rats exposed to 4,000 mg/kg BW of P. temperata have not shown any clinical signs,
lethality, and abnormality in the acute dermal toxicity test (Table 6). Weight of female and male
rats was increased normally (Table 7). No pathological findings were observed from all the
experimental rats in the steps 1 and 2. Dermal toxicity results of P. femperata based on LDs
value >4,000 mg/kg BW has corresponded to the categories 5 of GHS and OECD and IV of
RDA for acute dermal toxicity.

Table 6. Mortality and clinical signs of rats in the acute dermal toxicity test of Photorh-
abaus temperata for 14 days

Group Dose Sox Individual Mortality Days after administration
(mg/kg BW) number 0 3 6 9 12 14
1 0 NAD | NAD | NAD | NAD | NAD | NAD
2 0 NAD | NAD | NAD | NAD | NAD | NAD
1 4000 Female 3 0 NAD | NAD | NAD | NAD | NAD | NAD
4 0 NAD | NAD | NAD | NAD | NAD | NAD
5 0 NAD | NAD | NAD | NAD | NAD | NAD
1 0 NAD | NAD | NAD | NAD | NAD | NAD
2 0 NAD | NAD | NAD | NAD | NAD | NAD
2 4000 Male 3 0 NAD | NAD | NAD | NAD | NAD | NAD
4 0 NAD | NAD | NAD | NAD | NAD | NAD
5 0 NAD | NAD | NAD | NAD | NAD | NAD

Note: NAD, no abnormality detected.
Mortality was observed during all the experimental period for 14 days, but presented only the results every
three days because all the experimental rats were alive and clinical signs were not observed.

Table 7. Body weight change of rat during the acute dermal test of Photorhabadus temperata

for 14 days
Dose Individual Days after administration
Group Sex
(mg/kg BW) number 0 3 7 14 Gain
1 224.0 228.5 236.0 249.0 25.0
1 4000 Female
2 219.5 222.5 249.5 279.5 60.0
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Group Dose Sex Individual Days after administration
(mg/kg BW) number 0 3 7 14 Gain
3 225.0 229.0 235.0 250.0 25.0
1 4000 Female 4 219.0 225.0 259.0 300.0 81.0
5 218.5 222.5 236.5 253.5 35.0
Mean + SD 221.243.1 | 225.543.1 |243.2+10.6 | 266.4+22.6 | 45.2+£22.0
1 266.0 273.0 296.5 333.0 67.0
2 265.0 269.0 304.5 346.5 81.5
2 4000 Male 3 266.5 279.5 309.5 355.0 88.5
4 260.0 274.5 300.5 342.0 82.0
5 270.0 288.0 309.0 345.5 75.5
Mean + SD 265.5+3.6 | 276.8£7.3 | 304.0+£5.6 | 367.0+8.0 | 78.9+7.2

Note: Weight of rats was observed during all the experimental period for 14 days, but presented only the results
of 0, 3, 7, 14 days.

IV.. Discussion

Photorhabdus and Xenorhabdus are symbiotic bacteria of EPNs in the genera Heterorhabditis
and Steinernema, respectively, which encode a multitude of insecticidal toxins, thus being
excellent sources of novel insecticidal agents (13, 14). P. femperata, a symbiotic bacterium of H.
megidis, H. bacteriophora, H. downesi, and H. zealandica has both insecticidal activity and
nematicidal activity against root-lesion nematode P. penetrans and root-knot nematode M.
incognita (3, 25, 30, Park, unpublished data). Nematicidal activity is one of the broad bioac-
tivities of Xenorhabdus and Photorhabdus.

The nematicidal activity of Photorhabdus has aroused interest in the development of commer-
cial bionematicide including P. temperata. However, they have to be registered by submitting the
toxicity data to RDA like other organic agricultural materials. Photorhabdus and Xenorhabdus
have been known as non-hazardous organic materials. For example, X. nematophila, X. bovienii,
and P. luminescens isolated from S. carpocapsae, S. bibionis, and H. bacteriophora, respectively,
have not produced any disease symptoms, signs of infectivity, pathogenicity, toxicity, and/or
harmful effects on leghorn chicks, adult albino mice, guinea pigs, and rats (13, 20).

Nevertheless, toxicity tests on P. temperata have to be performed to register this bacterium as

bionematicidal material because there are no toxicity data reported on P. temperata to date.
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After all every organic agricultural material has to be registered by submitting toxicity data in
Korea (23). There are some toxicity studies on organic agricultural materials in Korea. Lee ez al.
(2018) has carried out toxicity and safety evaluation of 1,590 items of organic agricultural
materials registered in Korea, but toxicity tests of any Photorhabdus and Xenorhabdus have not
been made to date. Therefore, when the toxicity of P. femperata was assessed by acute toxicity
test in carp and acute oral and dermal toxicity tests in Sprague-Dawley rats, no adverse results
were obtained from all the acute toxicity tests of the present study. That is, the carp exposed to
10 mg/L of P. temperata showed neither lethality nor abnormal behavior during the experiment.
No adverse effects were also observed from the acute oral toxicity test. Any clinical signs,
abnormal behavior, and lethality were not observed during the two-week observation period. In
addition, no pathological findings were observed from all the experimental rats. In the acute
dermal toxicity test, clinical signs, lethality, and abnormality were not observed. The weight of
rats increased normally both in acute oral and dermal toxicity tests.

Acute toxicity results of P. temperata in fish (10.0 mg/L both in 48 hrs and 96 hrs) belonged
to category III. The acute fish toxicity of organic agricultural materials is classified into three
categories I (<0.5 mg/L), 1I (0.5-0.2 mg/L), and III (>2.0 mg/L) based on LCsy (mg/L, 48 hrs
and 96 hrs) (23, 27). Accordingly, P. temperata belonged to safe material and thus can be
developed as potential bionematicide for root-knot nematodes. Although an acute toxicity test of
P. temperata in fish was not made, there were some toxicity assessments of other bioinsecticides
and/or bionematicides in fish. Their effects on fish in the environmental biotoxicity test were
variable depending on materials or concentrations.

For example, Bacillus thurigiensis var. kenyae (Btk) was not toxic to freshwater fish, western
mosquitofish (Gambusia affinis). The 200-1,000 mg/L (2.5x107 spores/mg) of wettable powder
formulation of Btk showed no abnormal behavior and mortality (17). Bt kurstaki and Bt
israelensis also did not produce any adverse effects Zebrafish (Danio rerio) and Nile tilapia
(Oreochromis niloticus) although the increased frequency of necrotic cells was found in the
necrosis-apoptosis study on peripheral erythrocytes of O. miloticus. LCsy of both strains to these
fish species were higher than 5x10° spores/ml (12).

In another toxicity test of two Malaysian indigenous Bt products in Nile tilapia (Tilapi nilotica
= 0. niloticus) with four concentrations, 64 mg, 128 mg, 256 mg, and 512 mg/L, Terakil-1, a
wettable powder and Teracon-1, a protein concentrate showed no significant difference in
mortality of 7. nilotica at a dose of 128 mg/L as compared to the lowest concentration, 64 mg/L
in the ecotoxicity tests. Each product led to 30% and 12.5% corrected mortality of 7. nilotica

at 128 mg/L at four days after treatment, respectively, but LCs, of Terakil-1 and Teracon-1 were
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included in practically non-toxic (100-1,000 mg/L) according to the Rating scheme used by the
United States Fish and Wildlife Services for aquatic toxicity. In general, Bt has been turned out
to be practically non-toxic to fish from several toxicity tests in different species of fish.

However, biopesticide neem (Azadirachata indica) influenced ethological responses of snake-
headed fish (Channa gachua) depending on exposure time and concentration, which have
insecticidal and nematicidal activity (9). The fish showed erratic swimming, loss of equilibrium,
and hyperactivity with the advancement of exposure time and concentration. Thus, kinds of
nematicidal organic materials, concentration, and/or exposure time may be the main factors
affecting fish.

In acute oral and dermal toxicity tests of P. femperata as mammalian toxicity testing, P.
temperata also turned out to be non-toxic organic agricultural material which belonged to the
category IV (low) of RDA toxicity classification criteria, >2,000 mg/kg BW in acute oral and
>4,000 mg/kg BW in acute dermal. P. femperata produced no adverse effects on Sprague-
Dawley rats both in acute oral and dermal toxicity tests. Any clinical signs, abnormal behavior,
and lethality were not observed with normal weight increment during the two-week observation
period. In addition, no pathological findings were observed from all the experimental rats in
steps 1 and 2 at necropsy in acute oral toxicity.

The safety data of some biological nematicides were also made through the acute oral toxicity
tests except the present study. For example, Btk did not produce any mortality, gross behavioral
changes, either immediately or during the 21-day observation period in the oral and dermal
toxicity studies in albino rats like the effect of Bt on fish (17).

The administration of an active agent and final product of biological nematicide HeberNem
which composed basically of Tsukamurella paurometabola did not cause any pathogenic or toxic
reactions to Sprague-Dawley rat such as mortality, toxic signs, or behavioral change of rats (31).

In the treatment of 4,000 mg/kg BW of P. femperata, clinical signs, lethality, and abnormality
were not observed in the acute dermal toxicity test. The weights of female and male rats were
normally increased.

Consequently, the toxicity assessment of P. tfemperata through acute toxicity test in fish and
acute oral and dermal toxicity tests in rats demonstrated that P. femperata could be an eco-
friendly alternative bionematicide as a potentially non-toxic product.

Therefore, the present toxicity assessment study of P. temperata is expected to make a signifi-
cant contribution to root-knot nematode control and to the development of commercial produc-

tion of EPN bacteria.
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