Comparative effectiveness of chemical insecticides against the chilli thrips, Scirtothrips dorsalis Hood (Thysanoptera: Thripidae), on pepper and their compatibility with natural enemies.
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Abstract

The chilli thrips, Scirtothrips dorsalis Hood, is a significant pest of various vegetable tropical fruit and ornamental crops.  Originally from south Asia, this pest is becoming widely distributed in tropical, subtropical and temperate areas, and in 2003 was found for the first time in the Western Hemisphere established on St. Lucia and St. Vincent in the insular Caribbean.  Since there is a paucity of information on the effectiveness of modern insecticides in managing S. dorsalis populations, we evaluated the efficacy of the following insecticides for their control of this pest on `Scotch Bonnet’ pepper on St. Vincent: spinosad, imidacloprid, chlorfenapyr, novaluron, abamectin, spiromesifen, cyfluthrin, methiocarb, and azadirachtin.  Irrespective of number of 
applications and use of surfactant, chlorfenapyr was the most effective in reducing the densities of S. dorsalis adults and larvae followed by spinosad and imidacloprid.  The performance of other insecticides in controlling S. dorsalis populations was inconsistent.  Nevertheless all of the above insecticides if applied repeatedly were effective in suppressing of S. dorsalis populations.  Addition of a surfactant improved the performance of all insecticides somewhat.  Chlorfenapyr and spinosad were fairly benign to Cryptolaemus sp. 
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1.  Introduction

In 2003 T. L. Skarlinsky, an USDA-APHIS Plant Protection and Quarantine officer, intercepted S. dorsalis at Miami, Florida on Capsicum spp. from St Vincent and the Grenadines, West Indies. This was the first interception at a U.S. port of this thrips on a shipment originating in the Western Hemisphere.  In addition Skarlinsky (2003) found established S. dorsalis on pepper at several sites in St. Vincent.  Subsequently we found this species to be established also on St. Lucia, and we undertook to elucidate aspects of the pest’s biology and to develop technology to manage it.

Scirtothrips dorsalis Hood is a pest of various vegetable, ornamental and fruit crops in southern and eastern Asia, Africa, and Oceania (Ananthakrishnan 1993, CABI/EPPO 1997, CAB 2003).  Plants in 112 taxa are reported to be the hosts of S. dorsalis.  It is abundant on chillies in India (Ramakrishna Ayyar 1932; Ramakrishna Ayyar and Subbiah 1935), on sacred lotus in Thailand (Mound and Palmer 1981), and a serious pest of Arachis (Amin 1979, 1980).  In Japan S. dorsalis is a pest of tea and citrus (Kodomari 1978). Among the economically important hosts of this pest listed by Venette and Davis (2004) are banana, bean, cashew, castor, corn, citrus, cotton, cocoa, cotton, eggplant, grapes, kiwi, litchi, longan, mango, melon, onion, passion fruit, peach, peanut, pepper, poplar, rose, sacara, soybean, strawberry, sweet potato, tea, tobacco, tomato, and wild yams (Dioscorea spp.).  One or more S. dorsalis life stages occur on all above-the-ground plant parts of its hosts, and causes scarring damage due to its feeding (Chang et al. 1995). 


The Florida Nurserymen and Growers Association considers S. dorsalis as one of the thirteen most dangerous exotic pest threats to the industry (FNGA 2003).  Venette and Davis (2004) projected the potential geographic distribution of S. dorsalis in North America to extend from southern Florida to north of the Canadian boundary, as well as to Puerto Rico and the entire Caribbean region.  This suggests that this pest could also become widely established in South America and Central America.  S. dorsalis is a vector of various viral and bacterial diseases.  It transmits bud necrosis disease and chlorotic fan spot virus of peanuts, and is a weak vector of tomato spotted wilt virus (TSWV) (Amin et al. 1981; Mound and Palmer 1981; Ananthadrishnan 1993).

Detection and identification of S. dorsalis are key in developing management practices.  Various methods have been used employed by entomologists to determine the presence of S. dorsalis.  Bagle (1973) dislodged thrips from five young shoots per single plant onto a black cardboard and counted them. Likewise Gowda et al (1979) shook inflorescences over black paper to obtain and count nymph and adult thrips.  Suwanburt et al. (1992) rinsed thrips from plant material using 70%ethanol and counted individuals collected on a fine muslin sieve.  Takagi (1978) constructed a sticky suction trap to monitor the flight of S. dorsalis and other tea pests.  Okada and Kudo (1982a) used a similar suction trap for monitoring flight behavior of S. dorsalis and other thrips.  Saxena et al. 1996 reported that S. dorsalis were attracted to white sticky traps.  Adults may also be attracted to yellowish-green, green or yellow boards (Tsuchiya et al. 1995).  Chu and Ciomperlik (2004) evaluated the effectiveness of a non-sticky trap illuminated with a light-emitting diode in capturing S. dorsalis and other thrips. 

St. Vincent is a volcanic island located at latitude 13o 15’ N and longitude 61o 12’ W within the Windward Islands chain in the eastern Caribbean. Temperatures fluctuate between 18° and 32°C on the coast, the dry season extends from December through May, the rainy season from June through December, and the island’s average annual rainfall ranges from about 1,500 mm on the southeast coast to about 3,800 mm in the interior mountains (http://www.britannica.com).  Vegetable and fruit crops are produced year round for domestic consumption and export.

Here we report on the comparative effectiveness of various insecticides against S. dorsalis and on their effects on a predator of this pest.  Elsewhere we reported on the within pepper plant and within pepper field distribution of S. dorsalis (Seal et al. 2005).

2.  Materials and methods 

Five studies were conducted to determine effectiveness of various insecticides in controlling S. dorsalis on `Scotch Bonnet’ pepper on St. Vincent.  Three studies (Studies 1, 2 & 3) were conducted on Williams Farms, Georgetown, St. Vincent in October, 2004 (rainy season). Subsequently in March 2005 Study 4 was conducted on Williams Farms and Study 5 on Baptiste Farms.  To conduct these studies, `Scotch Bonnet’ pepper was planted into a deep soil without use of plastic mulch.  Each field was ca. 0.3 ha.  The plants were spaced 91 cm within rows and 122 cm between rows.  Plants were maintained using standard cultural practices recommended for Saint Vincent.  Plants were treated with Manzate and Bravo fungicides at 7-10 d intervals.  Each study was initiated 2 - 3 months after planting the crop. 


In Studies 1 & 2, insecticides were applied alone.  In Study 3, insecticides were applied in combination with Nufilm-17 at 0.125% V/V.  In each study treatment plots consisted of a segment of a row 456 cm long and 122 cm wide.  Treatments in these studies were: 1) spinosad (511 ml ha-1; Spintor TM2SC, Dow Agrosciences, Indianapolis, IN 46268-1054; 2) imidacloprid (274 ml ha-1; Provado® 1.6F; Bayer CropScience, Research Triangle Park, NC 27709); 3) chlorfenapyr (731 ml ha-1; Alert 2F, BASF Corporation, Research Triangle Park, NC 27709); 4) novaluron (731 ml ha-1; Diamond 0.83 SC; Crompton Crop Protection, Middlebury, CT 06749); 5) abamectin (731 ml ha-1; Agrimek 0.15EC; Syngenta Crop Production, Inc., Greensboro, NC 27419); 6) azadirachtin (511 ml ha-1; Neemix 4.5, Certis USA LLC, Columbia, MD 21046-1952); and 7) a nontreated control.  In each study, treatments were arranged in a randomized complete block design with four replications.  Treatments were applied using a backpack sprayer delivering 935 l ha-1 at 206.8 kPa.  Treatments were evaluated 24 h after each application by collecting at random 5 growing tips per plot, one tip per plant, each consisting of 3 young leaves.  The samples were placed individually in a ziplock bag and taken to the laboratory for further study.  Leaves were washed with 70% ethanol to separate thrips from leaves.  Identifications of adult and larval thrips were based on the morphology of adult and larval forms and their identities were confirmed with recent taxonomic keys (Mound and Kibby 1998). Adults of S. dorsalis were distinguished from other thrips based on body transparency, body color, and a dark cuticular thickening medially on tergites III to VII.  Tergites of adults are furnished with three discal setae in the lateral microtrichial fields (Mound and Kibby 1998). Also the forewing cilia are straight.  The larvae of S. dorsalis were separated from those of other thrips species based on color and size, and confirmed by observing funnel shaped setae on the head and abdominal segment IX.

In 2005 on both farms pepper plants were grown in soil covered with plastic mulch and irrigated using drip tubes on as needed basis.  All other cultural practices were as in previous studies.  Treatments evaluated on Williams Farms were: 1) three rates of chlorfenapyr (438, 585, 731 ml ha-1, Pylon® 2F; BASF Corporation, Research Triangle Park, NC 27709); 2) spinosad (511 ml ha-1; SpintorTM 2SC); 3) imidacloprid (274 ml ha-1; Provado® 1.6F); 4) abamectin (731 ml ha-1; Agrimek 0.15EC); 5) spiromesifen (621 ml ha-1; Oberon® 2 SC; Bayer CropScience, Research Triangle Park, NC 27709); 6) cyfluthrin (274 ml ha-1; Baythroid® 2, Bayer CropScience, Research Triangle Park, NC 27709); 8) methiocarb (1169 ml ha-1; Mesurol 75-W; AMVAC Chemical Corporation ) and 9) a nontreated check.  All other materials and procedures were as in the 2004 studies.  In Baptiste Farms, in addition to all treatments used in Williams Farms, chlorfenapyr (731 ml ha-1; Alert); and methiocarb (1169 ml ha-1; Mesurol 75-W; AMVAC Chemical Corporation) were evaluated. 

2.1 Statistical Analysis.  

Data on the effectiveness of various insecticides were analyzed using software provided by Statistical Analysis System (release 6.03, SAS Institute Inc. Cary, NC; SAS Institute, 1988).General linear model procedures were used to perform the analysis of variance.  Means were separated with Duncan Multiple Range Test (DMRT).  

3.  Results and Discussion

In the first study in 2004 all insecticides significantly reduced S. dorsalis adults (P > 0.05) 24 h after the first application when compared with the nontreated control (F = 4.79; df = 6, 21; P < 0.05) (Table 1).  First and second instar larvae were also significantly reduced by the various insecticide treatments (1st instar: F = 9.84; df = 6, 21; P < 0.05; 2nd instar: (F = 6.93; df = 6, 21; P < 0.05)).  S. dorsalis populations increased thereafter in all treatments.  At 96 h after the first application, the mean number of adults appeared to be the lowest on chlorfenapyr (Alert) and imidacloprid treated plants, and they were significantly lower than on nontreated plants (F = 4.20; df = 6, 21; P < 0.05) (Table 2). However the level of suppression by chlorfenapyr (Alert) and imidacloprid did not differ significantly from that of novaluron and of abamectin.  However only chlorfenapyr had suppressed the density of first instars were significantly when compared with the nontreated control (F = 4.82; df = 6, 21; P < 0.05).  The density of first instars had increased in the other treatments and these did not differ from the nontreated control.  All insecticide treatments has suppressed populations of the 2nd instars to levels significantly lower than the nontreated control (F = 7.61; df = 6, 21; P < 0.05).  When densities of all life stages are considered together, chlorfenapyr (Alert) provided the highest reduction of S. dorsalis followed by spinosad, imidacloprid, abamectin, novaluron and azadirachtin (F = 7.61; df = 6, 21; P < 0.05).  

In the second study in 2004 (Field 2), S. dorsalis population densities prior to insecticide applications did not differ significantly (Table 3).  However at 24 h after the first application (Table 4), the mean numbers of S. dorsalis adults were significantly lower on chlorfenapyr (Alert) treated plants followed by those on abamectin treated plats than on the nontreated plants (F = 4.00; df = 6, 21; P < 0.05) (Table 4). Suppression of adults by spinosad was not significantly greater than by novaluron.  The mean numbers of adults in other treatments did not differ significantly from the nontreated control.   The mean numbers of 1st and 2nd instars were significantly fewer in chlorfenapyr treated plants than in the control (1st instar: F = 4.68; df = 6, 21; P < 0.05; 2nd instar: F = 3.11; df = 6, 21; P < 0.05). Suppression of 1st and 2nd instars by the other insecticides did not differ statistically from the control.  When impacts on adults and larvae were considered together, chlorfenapyr appeared to be the most effective and it significantly reduced the S. dorsalis population compared with the control (F = 5.61; df = 6, 21; P < 0.05).  Spinosad and imidacloprid were similarly effective and their effects were not statistically different from those of chlorfenapyr.  The effects of novaluron and azadirachtin did not differ from the control.  At 24 h after the second application of the insecticides, made 4 d after the first application, S. dorsalis adults (F = 2.25; df = 6, 21; P < 0.05) and larvae (F = 11.96; df = 6, 21; P < 0.05) were significantly lower in all treatments than in the control (F = 2.25; df = 6, 21; P < 0.05) (Table 5).  Thus all insecticides after two consecutive applications separated by 4 d effectively reduced S. dorsalis populations compared with the control (F = 9.67; df = 6, 21; P < 0.05). 


In the third study all insecticides in combination with NuFilm-7, except azadirachtin, significantly reduced S. dorsalis adults (F = 9.94; df = 6, 21; P < 0.05) and larvae (F = 18.78; df = 6, 21; P < 0.05) when compared with the control (Table 6).  The effect of the addition of NuFilm-17 on the effectiveness of the insecticides (Table 6) as compared to their effectiveness without the surfactant (Table 5) indicates that NuFilm-17 caused a marginal improvement in the effectiveness of spinosad, imidacloprid, and abamectin, but not in that of novaluron.  No rainfall occurred during this trial. Also it is likely that a nonionic surfactant would enhance insecticidal effectiveness to a greater effect on plants with trichomes.


In the fourth study (Table 7) conducted in March 2005 (rainy season), the mean numbers of S. dorsalis adults after the first application were significantly fewer in the chlorfenapyr (585 and 731 ml ha-1), spinosad, imidacloprid and abamectin treatments, but not in other treatments, than in the control (March 24: F = 3.63; df = 8, 18; P < 0.05).  After the second application in all treatments and in the control, the mean numbers of adults had increased from the number present after the 1st application.  This increase may have been caused by infiltration of adults from nearby nontreated pepper plants. In any case, the mean numbers of adults were significantly lower in the chlorfenapyr (731 ml ha-1), spinosad and imidacloprid treatments than in the control, but not so for abamectin, spiromesifen nor cyfluthrin (March 29: F = 3.35; df = 8, 18; P <0.05) (Table 7).  After the first application, mean numbers of larvae were significantly lower in the imidacloprid treatment than in the control (F = 1.63; df = 8, 18; P < 0.05) (Table 7).  The other treatments did not suppress the larvae significantly.  However, after the second application on March 29 (Table 8), chlorfenapyr at 438 and 731 ml ha-1, spinosad, imidacloprid, and abamectin significantly reduced larval populations when compared with the control (F = 2.89; df = 8, 18; P < 0.05).  Over all, the various insecticide treatments, except spiromesifen and cyfluthrin, significantly reduced S. dorsalis populations in ‘Scotch Bonnet’ pepper.  

In the fifth study (Table 8) conducted in March 2005 (rainy season), the mean numbers of S. dorsalis adults in the two sampling dates (March 26 and 30) were significantly lower for all rates of chlorfenapyr (Pylon®), chlorfenapyr (Alert), spinosad, imidacloprid and abamectin than in the control (March 26: F = 3.13; df = 10, 33; P < 0.05; March 30: F = 5, 41; df = 10, 33; P < 0.05;).  However spiromesifen, cyfluthrin, and methiocarb did not reduce S. dorsalis adults.  The effects of the insecticides on larval populations were similar to those on adult populations (March 26: F = 3.24; df = 10, 33; P < 0.05; March 30: F = 1.53; df = 10, 33; P < 0.05) (Table 8).


The mean numbers of Cryptolaemus sp. adults before the application of insecticides did not differ among treatments (Table 9).  After the first application of insecticides, the mean numbers of live Cryptolaemus adults decreased significantly in imidacloprid treated plants followed by cyhalothrin and spiromesifen treated plants.  Conversely the mean number of dead adults was significantly higher in imidacloprid treated plants followed by cyhalothrin and spiromesifen treated plants than in the nontreated plants.  Mean numbers of dead adults in other treatments did not differ significantly from those in the control.  In the laboratory bioassay (Table 10), imidacloprid and cyhalothrin caused 100% mortality of Cryptolaemus adults (Table 10), but abamectin spared 33%, chlorfenapyr spared 50% and spinosad spared 67%.  


In conclusion chlorfenapyr was the most effective in reducing the densities of S. dorsalis adults and larvae followed by spinosad and imidacloprid.  The performance of other insecticides in controlling S. dorsalis populations was somewhat inconsistent.  Nevertheless all of the above insecticides when applied repeatedly were effective in suppressing of S. dorsalis populations.  Addition of a surfactant improved the performance of the insecticides marginally.  Chlorfenapyr and spinosad were fairly benign to Cryptolaemus sp.  These studies suggest that a tentative management program for S. dorsalis in pepper may be as follows. At the beginning of an infestation of S. dorsalis,  chlorfenapyr at 438 to 731 ml ha-1 should be applied followed in 4 days to 7 days by an application of spinosad (511 ml ha-1), or imidacloprid (274 ml ha-1), or abamectin (731 ml ha-1). Additional applications of these insecticides may be needed at approximately 7 d intervals.  A non-ionic surfactant should be added to ensure good performance by the insecticides. Unlike Thrips palmi Karny, which is a pest only in the dry season (Seal 2001; Seal and Stansly 2000), S. dorsalis is an economic pests also during the rainy season.  Clearly a management system needs to be developed for S. dorsalis that will take of advantage of natural enemies and retard the development of insecticide resistance.
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Table 1

Mean numbers of S. dorsalis on pepper treated once with various insecticides in Field 1 of Williams Farms at 24 h after application in October, 2004.

	
	
	Mean numbers of S. dorsalis

	Treatments
	Rate ml ha-1
	Adults
	Small larvae
	Large larvae

	Spinosad
	511
	0.50bc
	0.00b
	0.50b

	Imidacloprid
	274
	1.50bc
	0.25b
	0.25b

	Chlorfenapyr (Alert)
	731
	0.00c
	0.25b
	0.50b

	Novaluron
	731
	2.50b
	0.00b
	1.00b

	Abamectin
	731
	1.50bc
	0.00b
	0.25b

	Azadirachtin
	511
	2.50b
	0.50b
	1.75b

	Control
	
	6.25a
	3.75a
	6.00a


Means within a column followed by the same letter do not differ significantly (P > 0.05; DMRT).

Table 2  

Mean numbers of S. dorsalis on pepper treated once with various insecticides in Field 1 of Williams Farms at 96 h after application in October, 2004.

	
	
	Mean numbers of S. dorsalis

	Treatments
	Rate ml ha-1
	Adults
	Small larvae
	Large larvae

	Spinosad
	511
	3.75ab
	8.50b
	2.00b

	Imidacloprid
	274
	0.50c
	16.00ab
	1.50b

	Chlorfenapyr (Alert)
	731
	0.25c
	0.00c
	0.00b

	Novaluron
	731
	1.50a-c
	27.50ab
	3.75b

	Abamectin
	731
	1.25bc
	25.50ab
	2.25b

	Azadirachtin
	511
	5.25a
	43.75a
	10.75b

	Control
	
	4.50a
	22.75ab
	21.00a


Means within a column followed by the same letter do not differ significantly (P > 0.05; DMRT).

Table 3

Mean numbers of S. dorsalis on pepper before application of insecticides in Field 2 of Williams Farms in October, 2004.

	
	
	Mean numbers of S. dorsalis

	Treatments
	Rate ml ha-1
	Adults
	Larvae
	Total

	Spinosad
	511
	2.00
	13.00
	15.00

	Imidacloprid
	274
	4.50
	10.25
	14.75

	Chlorfenapyr (Alert)
	731
	2.50
	8.50
	11.00

	Novaluron
	731
	3.75
	8.00
	11.75

	Abamectin
	731
	5.50
	10.75
	16.25

	Azadirachtin
	511
	2.75
	10.00
	12.75

	Control
	
	4.76
	9.75
	14.50


Means within a column followed by the same or no letter do not differ significantly (P > 0.05; DMRT).

Table 4

Mean numbers of S. dorsalis on pepper treated with various insecticides in Field 2 of Williams Farms at 24 h after the 1st application in October, 2004.

	
	
	
	Mean numbers of S. dorsalis larvae

	Treatments
	Rate ml ha-1
	Adults
	Small larvae
	Large larvae
	Total larvae

	Spinosad
	511
	2.00ab
	5.00c-e
	0.50bc
	5.50bc

	Imidacloprid
	274
	4.50a
	0.50de
	2.50bc
	3.00bc

	Chlorfenapyr (Alert)
	731
	0.25b
	0.00e
	0.00c
	0.00c

	Novaluron
	731
	1.50ab
	27.50ab
	3.75a-c
	31.25a-c

	Abamectin
	731
	1.25b
	25.50a-c
	2.25bc
	27.75bc

	Azadirachtin
	511
	5.25a
	43.75a
	10.75a
	54.50a

	Control
	
	4.50a
	7.75b-d
	5.00ab
	12.75ab


Means within a column followed by the same letter do not differ significantly (P > 0.05; DMRT).

Table 5

Mean numbers of S. dorsalis on pepper treated with various insecticides (no NuFilm) in Field 2 of Williams Farms 24 h after the 2nd application, which had been made 4 d after the first application in October, 2004.

	
	
	Mean numbers of S. dorsalis

	Treatments
	Rate ml ha-1
	Adults
	Larvae
	Total

	Spinosad
	511
	0.75b
	0.50c
	1.25bc

	Imidacloprid
	274
	0.33b
	0.00c
	0.33c

	Chlorfenapyr (Alert)
	731
	0.00b
	0.00c
	0.00c

	Novaluron
	731
	1.50b
	1.50bc
	3.00bc

	Abamectin
	731
	0.25b
	0.50c
	0.75bc

	Azadirachtin
	511
	0.75b
	5.00b
	5.75b

	Control
	
	4.75a
	16.75a
	21.50a


Means within a column followed by the same letter do not differ significantly (P > 0.05; DMRT).

Table 6

Mean numbers of S. dorsalis on pepper treated with various insecticides + NuFilm in Field 2 of Williams Farms at 24 h after the second application in October, 2004.

	
	
	Mean numbers of S. dorsalis

	Treatments
	Rate ml ha-1
	Adults
	Larvae
	Total

	Spinosad
	511
	0.00b
	0.00c
	0.00c

	Imidacloprid
	274
	0.25b
	0.00c
	0.25c

	Chlorfenapyr (Alert)
	731
	0.00b
	0.00c
	0.00c

	Novaluron
	731
	0.75b
	4.75b
	5.50b

	Abamectin
	731
	0.00b
	0.00c
	0.00c

	Azadirachtin
	511
	2.25a
	11.50a
	13.75a

	Control
	
	2.00a
	18.00a
	20.00a


Means within a column followed by the same letter do not differ significantly (P > 0.05; DMRT).

Table 7

Mean numbers of S. dorsalis adults and larvae on pepper treated with various insecticides on Williams Farms in March 2005 at 24 h after each of two applications separated by 4 d.

	
	
	Mean numbers of S. dorsalis

	
	
	Adults
	Larvae

	Treatments
	Rate ml ha-1
	March 24
	March 29
	March 24
	March 29

	Chlorfenapyr (Pylon® 2F)
	731
	1.00bc
	1.33b
	4.33a
	0.00b

	Chlorfenapyr (Pylon® 2F)
	585
	0.67bc
	4.33ab
	1.67ab
	6.00ab

	Chlorfenapyr (Pylon® 2F)
	438
	1.67ab
	2.00ab
	2.00ab
	0.00b

	Spinosad
	511
	0.00c
	0.33b
	0.67ab
	0.33b

	Imidacloprid
	274
	0.00c
	1.33b
	0.00b
	0.00b

	Abamectin
	731
	0.67bc
	2.00ab
	0.67ab
	0.67b

	Spiromesifen
	621
	1.67ab
	8.33a
	3.00ab
	10.33a

	Cyfluthrin
	205
	1.67ab
	7.33a
	1.67ab
	6.00ab

	Control
	
	3.00a
	7.67a
	3.33ab
	6.00ab


Means within a column followed by the same letter do not differ significantly (P > 0.05; DMRT).

Table 8

Mean numbers of S. dorsalis on pepper treated with various insecticides on Baptiste Farms in March 2005at 24 h after each of two applications separated by 4 d.

	
	
	Mean numbers of S. dorsalis

	
	
	Adults
	Larvae

	Treatments
	Rate ml ha-1
	March 26
	March 30
	March 26
	March 30

	Chlorfenapyr (Pylon® 2F)
	731
	2.00bc
	0.25bc
	1.00e
	0.50d

	Chlorfenapyr (Pylon® 2F)
	585
	2.75bc
	0.25bc
	11.25b-d
	4.50cd

	Chlorfenapyr (Pylon® 2F)
	438
	3.75b
	0.75bc
	7.00d
	10.00bc

	Chlorfenapyr (Alert)
	731
	0.00d
	0.00c
	0.00e
	0.50d

	Spinosad
	511
	0.75cd
	0.75bc
	1.00e
	0.50d

	Imidacloprid
	274
	0.50cd
	0.50bc
	0.25e
	0.75d

	Abamectin
	731
	2.25bc
	2.00b
	8.00cd
	0.75d

	Spiromesifen
	621
	10.00a
	10.75a
	30.50a
	17.25ab

	Cyfluthrin
	205
	11.75a
	11.75a
	19.00b
	20.00a

	Methiocarb
	1169
	12.00a
	8.75a
	11.25bc
	14.25ab

	Control
	
	10.50a
	8.50a
	17.75b
	13.00ab


Means within a column followed by the same letter do not differ significantly (P > 0.05; DMRT).

Table 9

Mean numbers of Cryptolaimus sp. on pepper before and after treatment with various insecticides on Williams Farms in March 2005.

	
	
	Mean numbers of Cryptolaimus sp.

	
	
	Before spraying
	After spraying

	Treatments
	Rate ml ha-1
	Live
	Live
	Dead

	Chlorfenapyr (Pylon® 2F)
	731
	0.87
	0.37 c-e
	0.10c

	Chlorfenapyr (Pylon® 2F)
	585
	0.77
	0.50b-d
	0.03c

	Chlorfenapyr (Pylon® 2F)
	438
	0.57
	0.67a-c
	0.07c

	Spinosad
	511
	0.63
	0.77ab
	0.07c

	Imidacloprid
	274
	0.90
	0.03e
	4.73a

	Abamectin
	731
	0.57
	0.57a-c
	0.20c

	Spiromesifen
	621
	0.83
	0.13de
	0.33c

	Cyfluthrin
	205
	0.73
	0.10e
	0.90b

	Control
	
	1.00
	1.00a
	0.03c


Means within a column followed by the same letter do not differ significantly (P > 0.05; DMRT).

Table 10  

Percentage mortality of Cryptolaimus sp. adults treated with various insecticides in a laboratory bioassay.

	Treatments
	Rate ml ha-1
	% mortality

	Chlorfenapyr (Pylon 2F)
	731
	50.00

	Spinosad
	511
	33.33

	Imidacloprid
	274
	100.00

	Abamectin
	731
	66.67

	Cyfluthrin
	205
	100.00

	Control
	
	0.00


Means within a column followed by the same letter do not differ significantly (P > 0.05; DMRT).
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