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Ve Abstract

This study was conducted to select excellent tank mix combinations of pesticides for aerial application by
manned helicopter. Among 209 pesticide combinations of 3-way tank-mixing for aerial application, a total of
93 recommendable combinations including tricyclazole SC+validamycin-A SL+imidacloprid SL were finally
selected for the simultaneous control of key pests on paddy rice such as blast, sheath blight, brown planthopper
and moth. The selected combinations were not phytotoxic to rice plants and nearby non-target crops, and
excellent in physicochemical properties of ultra low volume (ULV) spray solutions. The efficacies on sheath
blight, brown planthoppers and white-backed planthoppers of pesticides sprayed by aerial application were

similar to those of pesticides by conventional spraying. Total cost of aerial application in paddy rice was very
economical as one fourth level of that of conventional spraying.
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Table 1. Pesticide formulations tested for the selection of recommendable tank-mixing combinations for aerial application

Target disease/pest

Pesticide formulation

Rice blast

Edifenphos EC, Ferimzone-Tricyclazole SC, Fthalide SC, Isoprothiolane EC, Isoprothiolane-

Fenoxanil EC, Kasugamycin SL, Thiophanate-methyl SC, Tricyclazole SC

Sheath blight
Planthopper
Planthopper and moth
Moth

Flutolanil EC, Hexaconazole EC, Iprodione:Carbendazim SC, Validamycin-A SL
Carbosulfan SC, Chlorpyrifos-methyl EC, Diazinon EC, Fenobucarb EC, Imidacloprid SL
Chlorpyrifos-methyl EC, Diazinon EC, Phenthoate EC

Ethofenprox EW, Methoxyfenozide SC, Pyridaphenthion EC
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Table 2. Overall physicochemical property and phytotoxicity of the 3-way tank-mix solutions of pesticides for aerial ULV” spray

in paddy rice

Combination of pesticide

Phytotoxicity degree (0-5)

Rice blast

Sheath blight

Planthopper

Soy Red  Green
bean pepper perilla

Sesa
me

Physico-
chemical
property

Kasugamycin SL

Validamycin-A SL

Iprodione - Carbendazim SC

Hexaconazole EC

Fenobucarb EC
Imidacloprid SL
Fenobucarb EC
Imidacloprid SL
Fenobucarb EC
Imidacloprid SL

2 0 0

Excellent
Excellent
Excellent
Good
Excellent

Excellent

Fthalide SC

Validamycin-A SL

Iprodione-Carbendazim SC

Hexaconazole EC

Fenobucarb EC
Imidacloprid SL
Fenobucarb EC
Imidacloprid SL
Fenobucarb EC
Imidacloprid SL

Good
Excellent
Excellent
Excellent
Excellent

Excellent

Edifenphos EC

Validamycin-A SL

Iprodione- Carbendazim SC

Hexaconazole EC

Fenobucarb EC
Imidacloprid SL
Fenobucarb EC
Imidacloprid SL
Fenobucarb EC
Imidacloprid SL

PN T S B N e T )
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o = =

Excellent
Excellent
Good
Excellent
Excellent

Excellent

Isoprothiolane EC

Validamycin-A SL

Iprodione- Carbendazim SC

Hexaconazole EC

Flutolanil EC

Fenobucarb EC
Imidacloprid SL
Fenobucarb EC
Imidacloprid SL
Fenobucarb EC
Imidacloprid SL
Fenobucarb EC
Imidacloprid SL
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Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent

Excellent

? ULV : Ultra low volume with 25 to 60-fold dilution
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Table 2. Continued

Combination of pesticide Phytotoxicity degree (0-5) Physico-
Rice blast Sheath blight Planthopper Rice Soy  Red Gre?en Sesa chemical
bean pepper perilla  me property
Thiophanate-methyl SC = Validamycin-A SL Fenobucarb EC 0 1 0 0 0 Unacceptable
Iprodione-Carbendazim SC Fenobucarb EC 0 0 0 0 0 Unacceptable
Hexaconazole EC Fenobucarb EC 0 1 0 0 0  Unacceptable
Tricyclazole SC Validamycin-A SL Fenobucarb EC 0 1 0 0 0 Excellent
Imidacloprid SL 0 0 0 0 0 Excellent
Iprodione-Carbendazim SC Fenobucarb EC 0 0 0 0 0 Excellent
Imidacloprid SL 0 0 0 0 0 Good
Hexaconazole EC Fenobucarb EC 0 1 0 0 0  Unacceptable
Imidacloprid SL 0 2 0 0 0 Excellent
Flutolanil EC Fenobucarb EC 0 1 1 1 1 Excellent
Imidacloprid SL 0 0 0 0 0 Excellent
Ferimzone-tricyclazole  Validamycin-A SL Fenobucarb EC 0 1 0 0 0 Excellent
8C Imidacioprid -SL 0 0 0 0 0 Good
Iprodione-Carbendazim SC Fenobucarb EC 0 0 0 0 0 Excellent
Imidacloprid SL 0 0 1 0 0 Good
Hexaconazole EC Fenobucarb EC 0 0 0 0 0 Unacceptable
Imidacloprid SL 0 0 0 0 0 Good
Flutolanil EC Fenobucarb EC 0 0 0 0 0 Excellent
Imidacloprid SL 0 0 0 0 0 Excellent
Isoprothiolane-fenoxanil Validamycin-A SL Fenobucarb EC <l 3 1 1 1 Excellent
EC Imidacloprid SL 0 <1 0 0 0 Excellent
Flutolanil EC Fenobucarb EC 0 1 0 0 0 Excellent
Imidacloprid SL 0 0 0 0 0 Excellent

Table 3. Overall physicochemical property and phytotoxicity of the 3-way tank-mix solutions of pesticides for aerial ULV? spray
in paddy rice

Combination of pesticide Phytotoxicity degree (0-5) Physico-
Soy Red Green Sesa  chemical

Rice blast Sheath blight Planthopper-moth Rice bean pepper perilla  me property

Kasugamycin SL.  Validamycin-A SL Ethofenprox EW 0 1 0 0 0 Excellent
Carbosulfan SC 0 0 0 0 0 Good

Phenthoate EC 0 0 0 0 0 Excellent

Diazinon EC 0 0 0 0 0 Excellent

_ Chlorpyrifos-methyl EC 0 0 0 0 0 Excellent
Iprodione*Carbendazim SC  Ethofenprox EW 0 1 0 0 0 Good

Carbosulfan SC it 0 0 0 0 Excellent

Phenthoate EC 0 0 0 0 0 Excellent

Diazinon EC 0 0 0 0 0 Excellent

Chlorpyrifos-methyl EC 0 0 0 0 0 Excellent

Hexaconazole EC Ethofenprox EW 0 1 0 0 0 Excellent

Carbosulfan SC 0 1 0 0 0 Excellent

Phenthoate EC 0 0 0 0 0 Excellent

Diazinon EC 0 0 0 0 0 Excellent

Chlorpyrifos-methyl EC 0 0 0 0 0 Excellent

T ULV : Ultra low volume with 25 to 60-fold dilution
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Table 3. Continued
Combination of pesticide Phytotoxicity degree (0-5) Physico-
Rice blast Sheath blight Planthopper -moth Rice :e(;}rll pe]i::er S;;l; Sriia ;};Z?el:;l
Fthalide SC Validamycin-A SL Ethofenprox EW 0 0 0 0 0 Excellent
Carbosulfan SC 0 0 0 0 0 Excellent
Phenthoate EC 0 0 0 0 0 Excellent
Diazinon EC 1 0 0 0 0 Good
Chlorpyrifos-methyl EC 0 0 0 0 0 Good
Iprodione - Carbendazim Ethofenprox EW 0 0 0 0 0 Good
SC Carbosulfan SC 0 0 0 0 0 Excellent
Phenthoate EC 0 0 0 0 0 Excellent
Diazinon EC 0 0 0 0 0 Excellent
Chlorpyrifos-methyl EC 0 0 0 0 0 Excellent
Hexaconazole EC Ethofenprox EW 0 0 0 0 0 Good
Carbosulfan SC 0 0 0 0 0 Excellent
Phenthoate EC 0 0 0 0 0 Good
Diazinon EC 0 0 0 0 0 Good
Chlorpyrifos-methyl EC 0 0 0 0 0 Excellent
Edifenphos EC Validamycin-A SL Ethofenprox EW 0 1 0 0 0 Excellent
Carbosulfan SC 0 0 0 0 0 Excellent
Phenthoate EC 0 0 0 0 0 Excellent
Diazinon EC 0 0 0 0 0 Excellent
Chlorpyrifos-methyl EC 1 0 0 0 0 Excellent
Iprodione *Carbendazim Ethofenprox EW 0 0 0 0 0 Excellent
SC Carbosulfan SC 0 0 0 0 0 Excellent
Phenthoate EC 0 0 0 0 0 Excellent
Diazinon EC 0 0 0 0 0 Excellent
Chlorpyrifos-methyl EC 1 0 0 0 0 Excellent
Hexaconazole EC Ethofenprox EW 0 1 0 0 0 Excellent
Carbosulfan SC 0 0 0 0 0 Excellent
Phenthoate EC 0 0 0 0 0 Excellent
Diazinon EC 0 1 0 0 0 Excellent
Chlorpyrifos-methyl EC 0 2 0 0 0 Excellent
Isoprothiolane EC  Validamycin-A SL Ethofenprox EW 0 0 0 0 0 Excellent
Carbosulfan SC 0 0 0 0 0 Good
Phenthoate EC 0 0 0 0 0 Excellent
Diazinon EC 0 1 0 0 0 Excellent
Chlorpyrifos-methyl EC 0 0 0 0 0 Excellent
Iprodione - Carbendazim Ethofenprox EW 0 0 0 0 0 Excellent
SC Carbosulfan SC 0 0 0 0 0  Unacceptable
Phenthoate EC 0 0 0 0 0 Excellent
Diazinon EC 0 0 0 0 0 Excellent
Chlorpyrifos-methyl EC 1 0 0 0 0 Excellent
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Table 3. Continued

Combination of pesticide Phytotoxicity degree (0-5) Physico-
Rice blast Sheath blight Planthopper-moth Rice ::ai p?:;r ;‘;ﬁ‘; S;S: ;:’;e‘fs
Isoprothiolane EC Hexaconazole EC Ethofenprox EW 0 0 0 0 0 Excellent
Carbosulfan SC 0 0 0 0 0 Excellent
Phenthoate EC 1 0 0 0 0 Excellent
Diazinon EC 0 1~2 0 0 0 Excellent
Chlorpyrifos-methyl EC 0 1 0 0 0 Excellent
Flutolanil EC Chlorpyrifos-methyl EC 0 0 0 0 0 Excellent
Thiophanate- Validamycin-A SL Ethofenprox EW 0 0 G 0 0  Unacceptable
methyl SC Carbosulfan SC 0 0 0 0 0 Unacceptable
Phenthoate EC 0 0 0 0 0  Unacceptable
Diazinon EC 0 0 0 0 0  Unacceptable
Chlorpyrifos-methyl EC 0 0 0 0 0 Unacceptable
Iprodione-Carbendazim SC Ethofenprox EW 0 0 0 0 0 Unacceptable
Carbosulfan SC 0 0 0 0 0  Unacceptable
Phenthoate EC 0 0 0 0 0 Unacceptable
Diazinon EC 0 0 0 0 0 Unacceptable
Chlorpyrifos-methyl EC 0 0 0 0 0 Unacceptable
Hexaconazole EC Ethofenprox EW 0 0 0 0 0  Unacceptable
Carbosulfan SC 0 0 0 0 0 Unacceptable
Phenthoate EC 0 0 0 0 0 Unacceptable
Diazinon EC 0 0 0 0 0 Unacceptable
Chlorpyrifos-methyl EC 0 0 0 0 0 Poor
Flutolanil EC Phenthoate EC 0 0 0 0 0 Unacceptable
Diazinon EC 0 0 0 0 0  Unacceptable
Chlorpyrifos-methy! EC 0 0 0 0 0 Unacceptable
Tricyclazole SC  Validamycin-A SL Ethofenprox EW 0 0 0 0 0 Excellent
Carbosulfan SC 0 1 0 0 0 Good
Phenthoate EC 1 0 0 0 0 Excellent
Diazinon EC 0 0 0 0 0 Excellent
Chlorpyrifos-methyl EC 1 0 0 0 0 Excellent
Iprodione-Carbendazim SC Ethofenprox EW 0 0 0 0 0 Good
Carbosuifan SC 0 1 0 0 0 Excellent
Phenthoate EC 1 0 0 0 0 Excellent
Diazinon EC 0 0 0 0 0 Good
’’’’’’ ‘ Chlorpyrifos-methyl EC 0 0 0 0 0 Excellent
Hexaconazole EC Ethofenprox EW 0 0 0 0 0 Excellent
Carbosulfan SC 0 2 0 0 0 Good
Phenthoate EC 0 0 0 0 0 Excellent
Diazinon EC 0 1 0 0 0 Unacceptable
Chlorpyrifos-methyl EC 0 1 0 0 0 Unacceptable
Flutolanil EC Chlorpyrifos-methyl EC 0 1 0 0 0 Excellent
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Table 3. Continued
Combination of pesticide Phytotoxicity degree (0-5) Physico-
Rice blast Sheath blight Planthopper-moth Rice :e?rll pi{;;r ;ir;fg Snels: ;1;222;3
Ferimzone- Validamycin-A SL Ethofenprox EW 0 0 0 0 0 Excellent
tricyclazole SC Carbosulfan SC 0 0 0 1 1 Good
Phenthoate EC 1 0 0 0 0  Unacceptable
Diazinon EC 0 0 0 0 0 Unacceptable
Chlorpyrifos-methyl EC 1 0 0 0 0 Good
Iprodione-Carbendazim SC Ethofenprox EW 0 0 0 0 0  Unacceptable
Carbosulfan SC 0 0 0 0 0 Excellent
Phenthoate EC 1 0 0 0 0 Poor
Diazinon EC 0 0 0 0 0 Good
Chlorpyrifos-methyl EC 1 0 0 0 0 Poor
Hexaconazole EC Ethofenprox EW 0 2 0 0 1 Unacceptable
Carbosulfan SC 0 2 0 0 0 Good
Phenthoate EC 1 0 0 0 0 Poor
Diazinon EC 0 0 0 0 0 Good
Chlorpyrifos-methyl EC 0 0 0 0 0 Poor
Flutolanil EC Chlorpyrifos-methyl EC 0 0 0 0 0 Excellent
Isoprothiolane - Validamycin-A SL Chlorpyrifos-methyl EC 0 1 0 0 0 Excellent
fenoxanil SC Flutolanil EC Chlorpyrifos-methyl EC 0 0 0 0 1 Excellent

Table 4. Overall physicochemical property and phytotoxicity of the 3-way tank-mix solutions of pesticides for aerial ULV” spray

in paddy rice

Combination of pesticide Phytotoxicity degree (0-5) Physico-
Rice blast Sheath blight Moth Rice Soy  Red Gre?en Sesa chemical
bean pepper perilla me property
Kasugamycin SL  Validamycin-A SL Methoxyfenozide SC 0 1 0 0 0 Excellent
Pyridaphenthion EC 0 2 0 0 0 Excellent
Iprodione-Carbendazim SC Methoxyfenozide SC 0 2 0 0 0 Excellent
Pyridaphenthion EC 0 2 0 0 0 Excellent
Hexaconazole EC Methoxyfenozide SC 0 2 0 0 0 Excellent
Pyridaphenthion EC 0 1 0 0 0 Excellent
Fthalide SC Validamycin-A SL Methoxyfenozide SC 0 1 0 0 0 Excellent
Pyridaphenthion EC 0 0 0 0 0 Good
Iprodione-Carbendazim SC Methoxyfenozide SC 0 0 0 0 0 Good
Pyridaphenthion EC 0 1 0 0 0 Excellent
Hexaconazole EC Methoxyfenozide SC 0 0 0 0 0 Good
Pyridaphenthion EC 0 0 0 0 0 Good
Edifenphos EC  Validamycin-A SL Methoxyfenozide SC 0 1 0 0 0 Excellent
Pyridaphenthion EC 0 1 0 0 0 Excellent
Iprodione- Carbendazim SC Methoxyfenozide SC 0 0 0 0 0 Excellent
Pyridaphenthion EC 0 1 0 0 0 Excellent
Hexaconazole EC Methoxyfenozide SC 0 1 0 0 0 Excellent
Pyridaphenthion EC 0 1~2 0 0 0 Excellent

9 ULV : Ultra low volume with 25 to 150-fold dilution
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Table 4. Continued

Combination of pesticide Phytotoxicity degree (0-5) Physico-
Rice blast Sheath blight Moth Rice Soy  Red Grc_:en Sesa chemical
bean pepper perilla me property
Isoprothiolane EC Validamycin-A SL Methoxyfenozide SC 0 0 0 0 0 Excellent
Pyridaphenthion EC 0 1 0 0 0 Excellent
Iprodione-Carbendazim SC Methoxyfenozide SC 0 0 0 0 0 Excellent
Pyridaphenthion EC 0 1 0 0 0 Excellent
Hexaconazole EC Methoxyfenozide SC 0 1 0 0 0 Excellent
Pyridaphenthion EC 0 0 0 1 0 Excellent
Flutolanil EC Methoxyfenozide SC 0 1 0 0 0 Excellent
Thiophanate- Validamycin-A SL Methoxyfenozide SC 0 0 0 0 0  Unacceptable
methyl SC Pyridaphenthion EC 0 0 0 0 0 Unacceptable
Iprodione:Carbendazim SC Methoxyfenozide SC 0 0 0 0 0  Unacceptable
Pyridaphenthion EC 0 0 0 0 0 Unacceptable
Hexaconazole EC Methoxyfenozide SC 0 0 0 0 0 Unacceptable
Pyridaphenthion EC 0 1 0 0 0 Unacceptable
Tricyclazole SC ~ Validamycin-A SL Methoxyfenozide SC 0 0 0 0 0 Excellent
Pyridaphenthion EC 0 0 0 0 0 Excellent
Iprodione-Carbendazim SC Methoxyfenozide SC 0 1 0 0 0 Excellent
Pyridaphenthion EC 0 0 0 0 0 Excellent
Hexaconazole EC Methoxyfenozide SC 0 1 0 0 0  Unacceptable
Pyridaphenthion EC 0 0 0 0 0  Unacceptable
Flutolanil EC Methoxyfenozide SC 0 0 0 0 0 Excellent
Ferimzone- Validamycin-A SL Methoxyfenozide SC 0 1 0 0 0 Excellent
tricyclazole SC Pyridaphenthion EC 0 0 0 0 0 Good
Iprodione-Carbendazim SC Methoxyfenozide SC 0 1 0 0 0 Excellent
Pyridaphenthion EC 0 0 0 0 0 Excellent
Hexaconazole EC Methoxyfenozide SC 0 0 0 0 0 Excellent
Pyridaphenthion EC 0 0 0 0 0 Excellent
Flutolanil EC Methoxyfenozide SC 0 0 0 0 0 Good
Isoprothiolane - Validamycin-A SL Methoxyfenozide SC 0 0 0 0 0 Excellent
fenoxanil EC Flutolanil EC Methoxyfenozide SC 0 0 0 0 0 Excellent
Table 5. Suspensibility of SC and WP formulations for aerial application
Pesticide Dilu?ion Suspensibility Pesticide Dﬂu?ion Suspensibility
ratio (%) ratio (%)
Tricyclazole SC 200 98.97 Tricyclazole WP 250 932
60 98.78
Tricyclazole+Ferimzone SC 200 99.59 Pencycuron WP 250 82.0
30 99.50
Methoxyfenozide SC 200 99.82 Methoxyfenozide WP 250 84.8
150 99.67
Iprodione+Carbendazim SC 200 99.29 Chlorothalonil WP 250 81.0
45 99.65
Fthalide SC 200 99.77 Imidacloprid WP 250 65.5

30 99.19
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Table 6. Stability of the active ingredients with time after preparation of pesticide spray solutions for aerial application

Combination of

Remained rate of a.. in pesticide spray solutions

with time (hr) after preparation (%)

pesticide formulation

a. i 0.5 24 48 72
Chlorpyrifos-m
Diazinon
Edifenphos
Isoprothiolane EC + Validamycin-A SL Fenobucarb
+ Phenthoate EC etc. Hexaconazole 100 97.8~ 96.3~ 94.5~
o Isoprothiolane 99.9 99.8 99.8
18 combinations
Phenthoate
Pyridaphenthion
Tricyclazole
Validamycin-A”
Tricyclazole SC + Hexaconazole EC Tricyclazole 100 99.3 990 98.8
+ Diazinon EC Hexaconazole 100 99.1 96.7 95.0
Diazinon 100 98.4 93.2 89.4
Edifenphos EC + Hexaconazole EC Edifenphos 100 99.7 99.1 98.7
+ Diazinon EC Hexaconazole 100 99.3 97.4 95.1
Diazinon 100 98.5 95.9 92.9

¥ Validamycin-A was not analyzed.

Table 7. Incidence” of sheath blight in farmers' paddy fields sprayed by aerial application

Surveyed locality Variety of rice

Diseased plant (%) Lesion height (%)

Bubal Chucheong-byeo 41.8 31.0
Backsa Chucheong-byeo 7.6 21.2
Hobup Chucheong-byeo 57.9 29.4
Seolsung Chucheong-byeo 473 20.8
Majang Chucheong-byeo 36.7 28.9
Moga Chucheong-byeo 30.3 26.9
Reference” Dongjin-byeo 86.7 279

® The incidences were surveyed 7 to 10 days after final applications of the year.
® Reference was in the experiment field of Plant Pathology Division of NIAST in Icheon and applied with conventional spraying.
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Table 8. Control effect of fenobucarb EC on brown planthoppers at different spray volume and dilution rates under the greenhouse

conditions
Dilution ratio Spr(eg 1\(/)02;me Sprayer (a.i.DgO/SleO 2) Ef?;f)wy
8 x 0.8 Atomizer 50 67.36"
30 x 3 " 50 96.9a
1000 x 150 Hand sprayer 75 98.6a
Control - - - -
Coefficient of variance (%) ------==m--mmmmmeeemmmn 6.539

Y In a column, means followed by the same letter are not significantly different 5% level by Duncan’s multiple range test.

Table 9. Efficacy of 3-way tank-mixing solution of pesticides® aerially sprayed by helicopter, Bell 206 on brown planthoppers and

white-backed planthoppers in paddy field

Days after White-backed planthopper Brown planthopper
application Sprayed Unsprayed Sprayed Unsprayed
3 Survival rate (%) 7.0 1043 67.0 98.4
Efficacy (%) 93.2 - 319 -
6 Survival rate (%) 5.1 161.6 477 106.3
Efficacy (%) 96.8 - 55.2 -
Initial density of planthoppers per 20 hills 121.7 28.3 4333 1933

& Tricyclazole SC + Hexaconazole EC + Chlorpyrifos-methyl EC

Table 10. Comparison of the economical effect between aerial and conventional pesticide applications as of 2008

. Covered area Total cost
S th R« k
praying method (ha/day) (wonha) emar
Aerial spraying 3007 36,000 economical
Conventional spraying 1 147,836 inefficient

® This value indicates the acceptable spraying area of MD 500D or Bell 206B models of helicopter during the morning of the day.
® Total cost was calculated by the agricultural economy analysis methods of RDA.
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