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Abstract: Tea green leathopper, Empoasca onukii Matsuda, is a serious pest of tea in East Asia.
Synthetic pesticides are widely used for its control in commercial tea plantations in China. In this study,

impacts of deposits of aqueous emulsions of an nC23 horticultural mineral oil, Caltex D-C-Tron NR, on
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feeding and oviposition on tea excised young shoots were determined in choice experiments in a laboratory.
Impacts on field populations on the leathopper and on tea sensory quality were determined in a tea
plantation in Guangdong. Three-day old deposits of 0. 67% and 0.5% ( v/v) oil significantly reduced
feeding and oviposition in the laboratory study. On the 3™ day after treatment, feeding by adults was
reduced by 85.59% and 89.17% respectively, and oviposition was reduced by 70.22% and 91.5% ,
respectively. Deposit of 0. 5% oil also showed repellency and anti-feeding effect on E. onukii nymphs.
Two-day old deposit reduced number of nymphs by 81. 96% , and three-day old deposits reduced nymphs
feeding by 85. 86%. Field applications of 0. 33% , 0. 5% and 1% sprays significantly reduced populations
of E.
reductions in presence of nymphs on the 5" day were 87.63% and 89.13% for 0.5% and 1%,

onukii. Concentrations of 0.5% and 1% were more effective than 0.33% . Corrected percent
respectively. For adults they were 84.22% and 87.58% , respectively, five days after sprays were
applied. Oviposition on sprayed buds was also significantly lower than on control ( water) plants, and
impacts of the oil sprays on spiders, the most important natural enemies of E. onukii in the tea plantation,
were not significant compared with water control. Application of 0.5% oil had no effect on the flavour
( sapor) of tea prepared from buds picked 5 and 10 days after application of sprays.

Key words: Mineral oil; Empoasca ( Matsumurasca) onukii Matsuda; repellency; feeding; oviposition;
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tea flavour

INBL /NG  Empoasca ( Matsumurasca) onukii
Matsuda 15 FR A 28 /g i, F 20 80 AR ARHT
E %4 N/ G W Empoasca flavescens Fabricius;
1988 4 %2 AR HR /Nt -1 Empoasca vitis ( Gothe)
JE—HIE, 2015 AE 250 F B 280 /N BT
/N onf wf, JE 8 H  Hemiptera B #5 R}
Cicadellidae, J& 7 3V b DX 55 b i 7 2 A0 ) 2 = 1T 2
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HPih FEAMAA AR 2 (BRaEESE, 2020) o AR
PEFRATRY A, AR R0 o 77 28 KW AR T B
TAAS /NG IR I 2 BGA 10 ~ 14 3k Ik, 3
AP IR I 2 i+ T2

TIE MR BRI E AR AN R, A
AARGET . FRAG AR A, TH
XPRE G N MIAREE A, BT 38 ok B A B 28 B
HARTIARSE N FE 2 A, X ZRE A BER
K3EE. FEEVER ( Beattie et al. , 1996, 2002; =+
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Ja A 24 i DR e ol e 2% el 3 8 53 o e R Y
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TEA R 2 58w 25 v 1A G B ib e
AR Yol 2 LM ELR, B R AR RS
JIT G TFJ T ML L7000 28 B A 58 A il Y Bl TR
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JE U A FE AR SOR HE B 2% HLIhFL AR B 3% BN
4, i HED BRI AR B 2% ( Sudoi et al. , 2001) ;
0. 05% HLiMFL ) XF 48 215 254 Brevipalpus phoenicis
B 36 5k 5 49.3% , i FH ) 2% v e R
17.5% ( Sudoi et al. , 2004) . EFE, FEkE%
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Table 1 Repellency effect of mineral oil on adults of Empoasca ( Matsumurasca) onukii Matsuda

SR TR (S /R) Wil (%)
fb3p Average number of E. onukii ( adults /shoot) Reduction in numbers
Treatment WA LD AFF2d AAFEE3d 0 AEEE1d 0 AR 2d 0 AR 3 d
After 1 d After 2 d After 3 d After 1 d After 2 d After 3 d

Wi 150 f53% 0. 67% mineral oil  1.07 £0.45" 0.67 £0.21° 1.05 0. 44" 67.58 78. 28 53.81

CK 5.10£0.70 5.50+0.49 3.33+0.56 - - -
¥l 200 f5¥K 0. 5% mineral oil  2.67 £0.85  3.33 £0.24 - - - -

CK 6.67 £0.62 4.00 +0.41 - - -

T BURIRAT RN MU EANN IS ¢ K IOTE 0. 05 KT R F B 2R A RFENATHTGESR, 5 ¥k 200 F58 4b 3
FE LR F2 RESARE, rUH 3 RIEAG kLI 4 . Note: Data with * indicate that the treatment and control were
significantly different at 0. 05 level by test. The repellency rate was not calculated if the difference was not significant between

treatments; The result of 0. 5% mineral oil treatment on the 3 d was not further checked because its repellency effect was not significant

on day 1 and day 2.

L7/ B2 IR 1D0 WA N7 WA X2 30y L e O FER S (R
SRR 2. w2 GURAH, BYmFLR 150 1
BRI 200 A RAL B 3 d, IR /N B/ SR Y
URD R0 0 2 D T KON R AR 2 AR Ak B
WRA B EMIERRCR, IHE RS 5N 85.59%
F1189.17%

2.1.2 AL AN B/ S i SR Y B
HEFE ]

L7/ B2 IR 1D0 AN WA 2 30y o U5 o YD T
VERIGS R L2 3. th# 3 45 R mT 1, AbBHJS 5 3
K, AW P FLH 150 A5 200 AFHR0AL B A SR
s ANTRIN e P 3 B RO B IR T S K
xR, BERA 2 AR E B R 7R O SRR
Horfr, 200 4% 980 H0 77 B0 = e R 3K 91.50% , & T

150 fE R AY 7™ P e (4 70.22%) o
2.1.3 Wi F LIRS N B/ Gk i e g R A
HEEH

A4 LR X /N B/ o I R o) SKRE A
GERNLF 4. mF 4 GRAH, Bl ELR 200
WALER)E 2 d, R AR B T KON IR AT 2R
2e5, UGEEARGA 81.96% o (HARPEIS 1 d FI3 d By
BRI AR IR 22 A 2%

L7/ BRI 1D AN WA N2 30y o el R DR R S (B
SRR S wFe s 4R A, Al FLR 200
WSS 3 d, ARFRI R b /NB /NI R
B AR E D TR IR, BEHErimzL 0] 200 £
WO NG A BURA B R IE R ROR, IR R
ik 85.86% -
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Table 2 Antifeeding effect of mineral oil on adults of Empoasca ( Matsumurasca) onukii Matsuda

Ab 3 B i (RU/R) HER (%)
Treatment Number of feeding ( spots/shoot) Reduction in feeding
Wil 150 f57 0. 67% mineral oil 82 +19.33" 85.59
CK 1056. 33 +128. 46 -
W9 200 £5%& 0. 5% mineral oil 36.00 £13.87" 89. 17
CK 628. 83 £66. 19 -

i BUREAT FoRFEIAANRRIN B ¢ K ITE 0. 05 /K F22 5 B3 . Note: Data with * indicate that the treatment and control
were significantly different at 0. 05 level by i-test.

R3 Wi ELF RS ANT/NGR b AT A B0 B A

Table 3 Oviposition deterrent effect of mineral oil on adults of Empoasca ( Matsumurasca) onukii Matsuda

b3 SR BREC (KL ) TEH SR (%)
Treatment Average number of eggs per shoot Reduction in oviposition
W93 150 {53 0. 67% mineral oil 0.67 £0.49" 70. 22
CK 3.83+1.66 -
53 200 £53 0. 5% mineral oil 0.17 £0.17" 91. 50
CK 3.83£1.33 -

W BREAT FRFIAANEEAIN B ¢ K IRAE 0. 05 K 22 F 2, Note: Data with * indicate that the treatment and control
were significantly different at 0. 05 level by t-test.

R4 TYRELFIXGNRNRM 43 R IR E R

Table 4 Repellency effect of mineral oil on nymphs of Empoasca ( Matsumurasca) onukii Matsuda

SR HE (/) YRR (%)
gb 3 Average number of E. onukii ( nymphs. /leaf) Reduction in numbers ( % repellency)
Treatment WFEE1d aE2d 0 AE3d 0 AFE1d 0 AEFE2d 0 AEE3d
After 1 d After 2 d After 3 d After 1 d After 2 d After 3 d
ML) 200 f5H 0. 5% mineral oil 0.33 £0.21 0.33 £0.21°  0.67 £0.49 - 81.96 -
CK 1.33+0.56 3.33+0.33 1.00+0.36 - - -

T BURIEAT FRIAAUE B AT B2 ¢ KB AE 0.05 K 22 5 B3 25 R W WA T YK, Note: Data with
indicate that the treatment and control were significantly different at 0. 05 level by ¢ — test. The repellency rate was not calculated if the

difference was not significant between treatments.

RS TYWMEFIINR/NGRMHEE RNERER

Table 5 Antifeeding effect of mineral oil on nymphs of Empoasca ( Matsumurasca) onukii Matsuda

b3 B g (/) HER (%)
Treatment Feeding point number ( spot/leave) Antifeeding rate
B4 FL A 200 F54 0. 5% mineral oils 54.00 +12.93" 85.86
CK 710.33 £227.43 -

VB BOEGAT AR IR ¢ KIS TE 0. 05 /K F S 2. Note: Data with © indicate that the treatment and control were
significantly different at 0. 05 level by test.
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&5 (1998) HIEBL/INE Anagrus sp. SHEHR /Ngg
WARYBR AT AR G Y A A AE o AT G AE A 25 B iR 1R
R/ W A B A 2, o PR BLK
FNERMETT Mal 775 4351 5 B B85 2 F0 B 48 3 2R 21T
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WA e A BTH, HES AW R
TR E A 7 A RRIR Y B ( Mei et al. , 2017)
ROSRA LB va 78 bn vl DL 2 R, W SR e
5 A SRR A, MG LU
e 27 G T AT R A i /NG - W 8

v T EA A 2, EHER B
A ML K E ) A R AA G HLE L34 feirl
A (Rae et al. , 2006) . & RERZNH, KA
et A ity 2L 500 %) T PR A 8 2 BT oA TH =X 4 i
FLAXS 25 i A 52, BB S SRR Y], D-
C-Tron NR & 43t 200 A5 AL S 5+ 10 d SRAEA



4 14 R EAF: B Px 2k /N B

/IR e 4 T S8R O 2 I

B SR 1017

SR B RS, U B 2% 2 il B i 2 AR
/d‘\lEmr5 d VA EXFASM R R LA . ANBIFSY

LERONTEAS W HE) N Y LA P T
Wi HRG Wm AT RSB L, ASFE R
AP it BT PR 5 T A e — 2D AR

Bt ) AR B RUR A 7S e KR A TR
OB FRAR R 36 R M 5 X Bh i AR P 46 Tﬁ]ﬂﬁ %
ARLKRFEEFRETF R FAME TR
ALK N SR R RS ;‘9-1~]7~,—ﬁ/‘\v1"rﬁi;]
AR SHRIERIT RS A T o+
W et AT REIRT, ER—FRTRECH
Bt

S %3 Hk ( References)

Beattie GAC, Smith D. Integrated Pest Management: Sustainable Pest
Control for the Future Based on the Past? Proceedings of the
International ~ Society Citriculture [ M ].  NSW  Agriculture:
Horticultural Research and Development Corporation, Sydney,
1996: 51 -58.

Beattie GAC, Watson DM, Stevens ML, et al. Spray Oils Boyond 2000
[M]. University of Western Sydney, 2002.

Cen YJ, Xu CB, Tian MY. Advances in the use of petroleum spray oils
in control of pests in citrus [J]1. Journal of South China
Agricultural University, 1999, 20 (2): 118 —12. (A, K
5, HESC HLMELRIB AT E R st [J]. ARk
AR 2FEA, 1999, 20 (2) - 118 —122]

Chen ZM. The composition and succession of pests and diseases fauna in
tea gardens [J]. China Tea, 1997, 19 (1): 6 —8. [[fE5ahk. 2%
Pl B IX AR AR SRR (D). P E AR, 1997, 19 (1) : 6 -
8]

Chen ZM, Cai XM, Zhou L, et al. Developments on tea plant pests
control in the past 40 years in China [J]. China Tea, 2020: 1 -8.
(WRoa, #2weny, R, 4. v E2S AT E A Y B 45 40 45
(1. sEZ%Nt, 2020: 1 -8]

Dai X. Investigation and species diversity of spiders as natural enemies of
Empoasca vitis Gothe in tea field [J]. Natural Enemies of Insects,
1999, 21 (4): 164 —169. [FHF . (BAR/NGEIT B KB RFH
K RHEAYZREDTT ] RARKHEL, 1999, 21 (4): 164 -
169]

Deng X, Tan JC. The seasonal dynamics of species and quantities of
insect pests and natural enemies in tea plantations under ecological
control [J]. Acta Ecologica Sinica, 2002, 22 (7): 1166 - 1172.
Xk, A . Al bE Py s RERh 28 R i 2
WAL (I, AR, 2002, 22 (7) : 1166 -1172]

Feng AW, Zhang YP, Cen YJ, et al. The control effect of ethanol
extract of Mikania micrantha H. B. K. on the natural population of
Empoasca vitis ( Gothe) and the influence to spiders [J]. Journal

of Environmental Entomology, 2010, 32 (1) : 54 -59. [Jd4:4%,

TR, AU, S BRH 48 S B O X BUIR A et g
SRFIRE RO 22 1) 7 Y B XS ik i s (). PR RS 24,
2010, 32 (1) : 54 -59]

Guo RL, Chen XH, Liu WW, et al. Application and demonstration of
frequency vibration light traps in the pollution — free tea and longan
production [7]. Guangxi Plant Protection, 2003 ( S1): 40 —41.
(58 3%, BREEDL, XI4E3C, 55 . Wi AT FETE 20 3 25t
MR A= ERR RS [J]. )P4t R, 2003 (S1): 40 —41J

Hong BB, Lou YF. Identification of the resistance of germplasm resource
of tea plants to Empoasca vitis Gothe [J]. China Tea, 1995, 5:
1415, (L, B 2F . ZOR R oo U5 0 B R /N S - e
ubkgesE (). Pz, 1995, 5: 14 -15]

Li WL, Bao YX, Lin XT, et al. Control over Empoasca vitis Gothe with
Beauveria bassiana and Metarhizium anisopliae powder and mixture
[J]. Acta Agriculturae Universitatis Jiangxiensis, 2017, 39 (4):
699 ~705. [Z7HL, WA, MRiels, 4. N AR S5k
T BCH R B IR A5 B /Nt i [J] . VLTl A2 41
2017, 39 (4): 699 —705]

Liu SD. Study on the efficacy of two complex liquid of matrine,
azadirachtin and mineral oil against Empoasca vitis and Tarsonemid
mites [J]. Chinese Agricultural Science Bulletin, 2010, 26 (24) :
238 -242. [XUXCH . WS BV 5 0Pyl WA 5 R
/NGB B LR 2RO BT (V] T ER AR,
2010, 26 (24): 238 -242]

Mei X, Liu XY, Zhou Y, et al. Formation and emission of linalool in tea
( Camellia sinensis) leaves infested by tea green leathopper
( Empoasca ( Matsumurasca ) onukii Matsuda) [J]. Food
Chemistry,, 2017, 237: 356 —363.

Meng ZN, Bian L, Luo ZX, et al. Taxonomic revision and analysis of
the green tea leafhopper species in China’s main tea production area
[J1. Chinese Journal of Applied Entomology, 2018, 55 (3):
514 -526. [, 0%, B5F, & EEFERXAR/N
SRR S K oA (D). R FH R B2 R, 2018, 55 (3)
514 -526]

Pang XF, Zhang MX, Hou YP, et al. Evaluation of plant protectants
against pest insects [J]. Chinese Journal of Applied Ecology, 2000,

L(1): 109 - 111 [P, skisH, AW, % . iy
FIBT A % BUBCR PP 7k 0] A S 2F 4R, 2000,
11 (1): 109 -111]

Qin D, Zhang L, Xiao Q, et al. Clarification of the identity of the tea
green leafhopper based on morphological comparison between
Chinese and Japanese specimens [J]. PLoS ONE, 2015, 10 (9) :
€0139202.

Quan JC, Jiang YH, Cen YJ, et al. Management of citrus pests and
diseases based on mineral oil — Discussion on the technology model
of reduced application and increased efficiency of the insecticides
and fungicides [J]. Guangxi Plant Protection, 2018, 31 (4):
22 -26. [&4 M, TL—40, FF#, 5. LAY SEm it
AR S 7 3 PR — 1 45 o o e 494 28 By 7 P AR A SR
[J]. PP, 2018, 31 (4): 22 -26]

Rae DJ, Beattie GAC, Huang DM, et al. Mineral Oils and their

Applications — Sustainable Pest Management and Green Agriculture



1018 W5 B 2424 Journal of Environmental Entomology 42 %

[M]. Guangzhou: Guangdong Science and Technology Press,
2006. [Rae DJ, Beattie GAC, #WIJE, 4. B 45l KL
H - Flfpgsml 5 afol (M. )0 JRBHEROR B
R, 2006]

Shi QC, Li XY, Chen ZW, et al. Advances on prevention and control
technology of Empoasca vitis Githe in tea garden [J]. Journal of
Agriculture, 2015, 5 (1) : 20 —24. [SpEA, Z=mH, Bri&fh,
G AR B AR NG WY B R AR BRI (D). R,
2015, 5 (1): 20 -24]

Smith D, Beattie GAC, Broadley R. Citrus Pests and Their Natural
Enemies: Integrated Peat Management in Australia [M]. Brisbane:
Horticultural Rese-arch  and  Development Corporation  and
Queensland Department of Primary Industries, 1997.

Sudoi V, Bii VK, Langat JK. The efficacy of petroleum oil ( Murphoil)
and neem seed oil product ( Achook) sprays on mortality of scale
insects ( Aspidiotus sp) on tea: Preliminary indications [J]. Tea,
2001, 22 (2): 79 -82.

Sudoi V. Effectiveness of petroleum oil ( murphoil) against Aspidiotus
sp. ( Homoptera: Diaspidae) and yield of tea in Kenya [J]. Tea,
1993, 14 (1) : 50 —53.

Sudoi V. Strategies for control of red crevice mites ( Brevipalpus phoenicis
Geikskes) on tea [J]. Tea, 2004, 25 (1): 20 -23.

Sun SD, Xu DY, Lin AX. The occurrence and parasitical effect of
Anagrus sp. against Empoasca vitis Githe [J]. Tea Science and
Technology, 1998, 4: 18 —=20. [FMEFE, VFHEIC, RBTHE. (IR
NG IR/ IN () R AR AERICR (D). SRR 1998,
4: 18 -20]

Tan JC, Deng X, Zhang JW. Community succession tendency of tea
pests and their control strategies in Hunan [J]. Journal of Hunan
Agricultural University ( Natural Sciences) , 2001, 27 (5): 370 -
373, [IEPEA, SRR, SRGEME . 1R A PE 2 U o R i 3
Spansi ] im0 ( HRRRERR) | 2001, 27
(5): 370 -373]

Tang H, Tang JC, Li JL, et al. Overview of pollution — free control
technology of tea leathopper [J]. Guangdong Agricultural Sciences,
2011, 38 (11): 92 -94, 106. [}, Hahoh, Beals, 5.
Fo/NGRIFITE N F B IR AR E (1], TR RN, 2011,
38 (11): 92 -94, 106]

Tang QY, Feng MG. Practical Statistical Analysis and its Computer
Processing Platform [M]. Beijing: China Agricultural Press, 1997.
DRA S, mEE . SERGEH a0 IR BT &4 [M].
Jent: hELR W RAL, 1997]

Vawdrey LL, Peterson RA, DeMarchi L, et al. Evaluation of mineral

oils and plant — derived spray adjuvants, mancozeb formulations and

rates of application, for the control of yellow Sigatoka leaf spot
( caused by Mycosphaerella musicola) of bananas in far northern
Queensland, Australia [J]. Australasian Plant Pathology, 2004,
33: 379 -384.

Wang YJ, Xie ZL, Pang XF. Evaluation of the effectiveness of natural
enemies of Empoasca vitis ( Githe)  [J]. Ecologic Science, 1995,
2: 42 -48. [EVETL, WHRME, V. BIR/NGE B E S8R
B HE T ], A58, 1995, 2: 42 -48]

Whiteside JO. Comparison of various spray oils for controlling greasy spot
on grapefruit leaves and fruit [J]. Proceedings of the Florida State
Horticultural Society, 1989, 102: 13 -16.

Xie ZL. Observation of the predation quantity of Empoasca vitis Géthe by
three species of spiders in tea garden [J].
Industry, 1996, 2: 32 =34, [{HRAE . 2% bEl = b gkt {5 HR /1N
gt g 0. 774300, 1996, 2: 32 -34]

Yang RK, Xu YJ. Preliminary report on the application of Mc - 2001

Guangdong Tea

electronic light trap in tea production [J]. China Tea, 2004, 2:
24. [B2EdL, kst . MC -2001 e T 5% BT 7R 28 A7 1
P FRCRATAR [J]. T E S, 2004, 2: 24]

Yu SH. The occurrence regularity and integrated management of
Empoasca vitis Gothe [J]. Tea Science and Technology, 1999, 3:
24 =25 [RFEL . JRIIR /Nt Wiy 5 2k ML 5 25 B iR T
(0], Z&ntRl2EHAR, 1999, 3: 24 -25]

Zhang HH, Tan JC. Tea Pests and their Nuisanceless Management in
China [M]. Anhui Science and Technology Press, 2004: 244 —
245, [JKILES, WHEA . PESRER RN FRA (M].
BRRFEH AL, 2004: 244 -245]

Zhao DX, Chen ZM, Cheng JA. Predatory functional responses of
Agelena labyrinthica ( Clerck) to Empoasca vitis ( Gothe) [J].
Plant Protection, 2001, 4: 1 =3. [&TF, Mo, fEE%Y.
PRE SR AR NG i TR o L] AR,
2001, 4: 1-3]

Zhou CH, Tian ZR, Gong DY, et al. Experiment on the control of tea
pests in the organic garden with frequency — vibration light trap
(J]. Hubei Plant Protection, 2003, 2: 10 - 11. [, M
=, ST, . PR AT B v HL B ot (1]
WIALAEAR:, 2003, 2: 10 - 11]

Zhou TF, Ye GY, Yu QZ, et al. Evaluation of damage control effect of
tea garden closed in winter on Acaphylla theae Watt and Empoasca
vitis Gothe [J]. Journal of Zhejiang Agricultural Sciences, 2011,
4: 892 -894. [JAfkiE, AN, RBKER, . IREEA T H b xt
Fe R A B IR /NG w2 AT (], WAL R,
2011, 4: 892 —894]



