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THESIS ABSTRACT

Investigations w ere carried  o u t to determ ine the base-line values for
susceptibility  of laboratory popu lation  of T. urticae to selected acaricides, to m onitor the 
level of resistance to acaricides in  T. urticae populations on tom ato  from  Bangalore and  
K olar d istricts and  field evaluation of n ew er acaricidal m olecules ag a in st this m ite pest 
o n  tom ato.

T he susceptibility of laborato ry  population  of T. urticae to w ettable su lphur, 
dicofol, abam ectin, diafenthiuron, fenazaquin  an d  p roparg ite  increased over successive 
generations (from  5th to 38"’ generation). The base line values for the susceptible 
laboratory  popu lation  a t die 38th generation  w ere 114 pp m  for w ettab le  su lphur, 0.1 ppm  
each for dicofol, abam ectin, fenazaquin  & diafen th iuron  and  0.3 p p m  for propargite.

The level of resistance to  w ettab le  su lp h u r in  T. urticae popu la tions from  tom ato 
crop  in  B angalore and  Kolar d istrict w as  low  to m oderate  as the resistance ratio  ranged 
from  3.2 to 38.1. For dicofol, resistance w as high in  bodi B angalore (767 to 3690 folds) 
an d  Kolar d istricts (500 to 6491 folds). For abam ectin  the resistance w as low  in Kolar 
d istrict (RR <10). For d iafen th iu ron  resistance level was m odera te  in both  Bangalore and 
Kolar d istricts (RR 14-37 and  18-47, respectively). H ow ever, die resistance level 
increased to h igher levels of 67 an d  79 folds du ring  D ecem ber 2007 and  February 2008. 
For fenazaquin , m ite  popu lations from  Bangalore and  Kolar d istricts show ed 
progressive resistance from  low  to m oderate  level (RR 5 to 32) as the tom ato cropping 
season  advanced, b u t resistance w as high (168 - 249 folds) in  V adagur of Kolar district 
beyond  Septem ber. Low levels of resistance (4-12 folds) to proparg ite  in  Bangalore and 
K olar d istricts du ring  kharif increased to a m oderate  level d u rin g  Decem ber 2007 and  
February  2008.

F ield evaluation  of n ew er acaricides against T. urticae in  V adagurof Kolar district 
revealed better effectiveness w itii m ilbem ectin (3.75 g a .i./h a ), fenazaquin (125 g 
a .i./h a ) , p roparg ite  (570 g a .i./h a ) , chlorfenapyr (75 g  a .i./h a ) an d  fenpyroxim ate (30 g 
a .i./h a ) , w h ich  accounted for 70% reduction  in  the egg popu lation  of sp ider mite. 
C hlorfenapyr, fenazaquin a n d  proparg ite w ere su p erio r in bring ing  dow n the 
p o p u la tio n  of active stages by  75 to 91%. H ow ever, aga inst m ixed stage population, 
m ilbem ectin  and  fenazaquin causing 82-83% reduction  w ere significandy m ore effective 
fo llow ed by propargite, ch lo rfenapyr and fenazaquin causing  70-76% reduction. The 
effect of d iafen th iuron  (450 g  a .i./h a ) , abam ectin (6 g  a .i ./h a )  an d  m ineral oil 1% w as 
m o d era te  record ing  61 - 66% reduction.

S ignature of the Major A dvisor
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I. IN T R O D U C T IO N

Tom ato (Lycopersicon esculeiitum  Mill.), a m em ber of the family Solanaceae 

is one of the  m ost im portan t and  w idely  grow n vegetable crops in both tropics 

an d  subtropics in  the w orld. It is said to be a native of tropical America 

(Thom pson an d  Kelly, 1957) from  w here, it sp read  to other parts of the w orld in 

the 16th century  and  becam e popu la r in  India du ring  die last six decades. 

Tom atoes are a good source of vitam ins such as v itam in 'A ', v itam in 'B' 

(Thiamin), v itam in Tfc' (Riboflavin) and vitam in 'C ' (Ascorbic acid) and other 

m inerals, w hich m akes them  a  nutritive and valuable vegetable. Tom ato is 

cultivated in an  area of 3.989 m illion hectares w ith  a  production  of 108.50 million 

tonnes in  the w orld w ith  a  productiv ity  of 27202 k g /h a  and  in India, it is 

cultivated in 5.2 lakh hectares w ith  production of 74.2 lakh tonnes w ith  a 

productiv ity  of 14269 k g /h a  (A nonym ous, 2004a). K arnataka is a major 

producer of tom ato in India, w here it occupies an  area of 29474 hectares w ith a 

production of 237365 tonnes, in  w hich sum m er crop accounts for an  area of 7595 

hectares w ith  a production of 53905 tonnes (A nonym ous, 2004b). Bangalore and  

Kolar districts contribute nearly  35 per cent of total tom ato production in 

K arnataka.

A w ide range of insect and  m ite pests attack tom ato and  form  the major 

lim iting factor for its successful cultivation. D ue to insect pests, up  to 50-80% 

losses have been recorded on tom ato in Bangalore (Tewari and  Krishna m oor thy, 

1984). Tom ato is attacked by several species of m ites, such as Tetramjcluis urticae 

Koch, T. cucurbitae etc. (A cari: Tetranychidae) (Butani, 1975) and  Aceria lycopersici 

(Acari: Eriophyidae) in India (Singh, 1970). Tw o-spotted sp id er m ite, T. urticae is 

one of the mite pests reported  as serious on m any vegetable crops like tomato, 

brinjal, okra, French bean etc. This species also dam ages pum pkin, alfalfa, 

cotton, Hibiscus, cucurbitaceous crops etc. (M eyer an d  Rodriguez, 1966). T.
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urticae recently has been observed to be causing appreciable dam age on tom ato 

fields in and  around  Bangalore a n d  reported  to m ultip ly  rap id ly  du ring  sum m er 

rnondis (A nonym ous, 2004c an d  Aji, 2005). It is also reported  to be serious in 

Africa and  o ther p arts  of die w orld  w here tom ato is cultivated as a major 

vegetable crop (Anonym ous, 2003a). The intervention of the farm ers by using 

acaricides has been a com m on strategy and  conventional acaricides like w ettable 

sulfur, dicofol and  new er m olecules like fenazaquin  are w idely  used for the 

control of this mite.

Conventional pesticides such as chlorinated  hydrocarbons; 

organophosphates, carbam ates and  pyrediriods w ere successful in controlling 

insect pests during  die past five decades, thereby m inim izing losses in 

agricultural yields. U nfortunately, m any of these chem icals are  harm ful to m an 

and the beneficial organism s and  cause ecological disturbances. A lthough 

considerable efforts have been m ade to m inim ize the adverse environm ental 

im pact of pesticides on the health  of hum an  popula tion  an d  dom estic anim als, 

still there is g reat dem and  for safer chem icals w hich selectively affect the 

harm ful pests, sparing  beneficial insects and  o ther non-target organism s.

Phytophagous m ites proliferate particularly in situations in w hich non

specific insecticides are applied in  concentrations tha t elim inate natural mite 

p redato rs  w id iou t harm ing  die p est m ites, and the ir sh o rt developm ent cycle 

tends to  favour rap id  developm ent of pesticide-resistant populations by 

rem oving unfavourable genes for their existence (Dekeyser and  D owner, 1994). 

The sp ider m ites are  one of the m ost serious arth ropod  pests in agriculture not 

only because they cause severe dam age on crops, b u t intensive use of synthetic 

pyrethro ids and  o ther broad-spectrum  non-selective pesticides have recently 

caused another problem , the resurgence of mites.



The m anagem ent of T. urticae has depended  prim arily  and  heavily  on the 

use of acaricides. Several acaricides such as dicofol, w ettable sulphur, 

fenazaquin, propargite, diafenthiuron, and  abam ectin have been reported  to be 

very effective in controlling tom ato m ites (Beers et a\., 1998 ; A ndrei, 2005). The 

reliance o n  this single approach has led to ever-increasing cost, decreased 

effectiveness an d  eventual breakdow n of control m ethods. In spite of heavy use 

of insecticides still it has not becom e possible to m anage the pest adequately 

because of the developm ent of resistance.

Resistance to pesticides is an  evolutionary phenom enon brought abou t by 

intensive "natu ra l selection" of the pest after continuous m assive application of 

chemicals. Spider m ites are  the m ost conspicuous group, to have no t only 

survived but also prospered  through their ability to acquire resistance to the 

chemicals em ployed for their control. The reports from different parts of the 

w orld  indicate tha t resistance to pesticides in m ites of the fam ily Tetranychidae is 

w ide spread and  covers alm ost all m ajor classes of insecticides or acaricides 

(Young e t al., 2004). Resistance developm ent by T. urticae to pesticidal chemicals 

nam ely dicofol, m onocrotophos, m ethom yl, profenophos, dichlorvos and 

dim etlioate, especially on vegetable crops has been reported  sporadically in India 

and  elsew here (Shaila, 1999). Tom ato is one such vegetable crop w hich requires 

application of acaricidal chemicals against T. urticae occasionally, bu t a t times 

applied  indiscrim inately.

The records of resistance developm ent to synthetic chem icals in T. urticae 

in India are either scanty or sporadic. T. urticae m ight have developed resistance 

to frequently used pesticidal chemicals because of its intrinsic abilities. To 

m inim ize this risk of resistance, alternative use of new er acaricidal m olecules like 

fenpyroxim ate, buprofezin, fenazaquin, abam ectin, diafenthiuron, propargite,

3
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m ilbem ectin, chlorfenapyr etc. is often suggested  as this w ould  slow  dow n die 

rate of developm ent of resistance.

K eeping this in view , the p resen t investigations on the acaricidal 

resistance in tw o spotted  sp ider mite, T. urticnc infesting tom ato w ere undertaken 

w ith  tire follow ing broad objectives.

1. Establishing base-line values for susceptibility of T. urticae infesting 

tom ato to  acaricides nam ely, w ettable su lphur, dicofol, abam ectin, 

diafenthiuron, fenazaquin and propargite.

2. A ssessm ent of resistance to acaricides in T. urticae populations from 

Bangalore an d  Kolar districts.

3. Evaluation of new er acaricidal m olecules against T. urlictte infesting 

tomato.
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II. R E V IE W  O F  L IT E R A T U R E

Investigations on pesticide resistance in Tetramjchus urticae Koch infesting 

tom ato w ere undertaken  during 2006-2008 at the D epartm ent of Agricultural 

Entomology, University of A gricultural Sciences, G.K.V.K, Bangalore. The literature 

pertaining to developm ent of resistance in Tctmnychus urticae to synthetic chemicals 

viz., dicofol, w ettable su lphur, propargite, fenazaquin, diafenthiuron and  abamectin, 

especially on  tom ato are very few. H ow ever, the available inform ation on 

developm ent of resistance to acaricides in m ites infesting various o ther crops is 

review ed hereunder.

Tw o-spotted sp ider mite, T. urticae is one of the mite pests reported  as serious 

on m any vegetable crops like tom ato, brinjal, okra, French bean etc. This species also 

dam ages pum pkin , alfalfa, cotton, Hibiscus, cucurbitaceous crops etc. (M eyer and  

Rodriguez, 1966).

2. Occurrence o f  p estic id e  resistance in  sp ider m ite  and a ssessm en t o f lev e l of 

resistance

2.1. R esistance to organochlorines

Iacob et al. (1980) m onitored the developm ent of resistance to dicofol in 

Tetranychus urticae for four years in a com mercial green house. It w as found that 

increase in resistance w as 100 to 1000 folds in  term s of LD and LT values.

D ennehy an d  G ranett (1984a) observed 573 folds resistance in T. urticae and 

160 folds resistance in T. pacificus to dicofol on  cotton. The LCso value for susceptible 

T. pacificus w as 38 ppm , w hile for resistan t stra in  it w as 6513 ppm . T. turkestani was 

m ore susceptible to dicofol w ith  a low er LC50 value of 11 ppm .
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Susceptibility in the populations of P. iilini an d  T. urticae from  N ew  York 

app le orchards to dicofol w as estim ated du ring  1985-86 w ith  a  w hole-p lan t residual 

bioassay by D ennehy et al. (1988). N ine of P. ulmi populations collected throughout 

the state in 1985 had  <80% m ortality  in 1000 m g /g  dicofol (discrim inating 

concentration) bioassays and w ere designated  as resistant. T. urticae populations 

evaluated in  1985 w ere generally m ore susceptible to dicofol than tha t of the P. ulmi 

populations. Seven of ten T. urticae popula tions tested had no surv ivors in any 1000- 

m g /g  bioassays. In 1986, 12 of 13 P. ulmi populations evaluated  from  the H udson 

Valley w ere susceptible to dicofol. P ressured w ith  dicofol, tw o isolated populations 

of T. urticae collected from orchards located m ore than 100 km  ap art illustrated the 

change in population  response that occurred as a  resu lt of dicofol treatm ents. After 

one year of dicofol selection, both cultures w ere equally  and  highly resistant to 

dicofol. Probit analysis of the response of the tw o pressured  cultures and  two 

susceptible cultures indicated  >1000-folds resistance to dicofol residues, whereas 

susceptible m ites w ere approxim ately affected by residual or topical exposure to 

dicofol, resistant m ites (possessing a >1000-folds resistance to residual exposure) 

w ere <15-folds resistant to topical contact w ith  dicofol. Field trials conducted at 

orchard locations w ith P. ulmi populations resistant or susceptible to dicofol 

illustrated tha t resistance resulted  in reduced  efficacy of dicofol treatm ents.

Pree an d  W agner (1987) observed the occurrence of 15 folds resistance to 

dicofol in a laboratory-selected population of European red mite, Panonychus ulmi.

The selective effect of dicofol application on  resistant or susceptible 

popula tion  of T. urticae on app le  in N ew  York w as studied  by D ennehy et al. (1991). 

It w as found  tha t dicofol resistance w as incom pletely dom inan t under field 

conditions, in contrast w ith  its recessive inheritance in laboratory bioassay. LC50 

values w ere 2 to 4 times higher on exposure to discontinuous residues of dicofol 

than on continuous residues.
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Cheng and  Pan (1994) recorded  a  higher LC50 value of 1791.43 p p m  for 

dicofol in a population of T. urticae, w hile low er LC50 values of 237.93, 830.98 and 

732.32 p p m  w ere observed in the population  of T. cinnnbnrinus from D anzhou, 

Y ueyang and  Sheyang, respectively.

Sam ples of the two spo tted  sp id er m ite T. urticae w ere collected from  tw o 

locations of Turkey and  reared in the laboratory on bean plants. The LC50 values 

obtained for the tw o populations w ere 18 an d  16 ppm  (Tamex et n i, 1996).

Cross-resistance of dicofol resistan t T. urticae to 21 pesticides w as studied by 

Fergusson -  Kolmes et al. (1991). Dicofol resistan t population show ed strong 

positive cross-resistance to am itraz, brom opropylate and  chlorobenzilate. M oderate 

negative cross-resistance w as observed for chlorpyrifos. Estrada-Cotero and 

Sanchez-Galvez (1990) s tud ied  the toxicity of acaricides, chlorobenzilate, 

endosulfan, dicofol and  phosalone to field collected populations, the LC50 values 

w ere 430.19, 13180.91, 2804.25 and  87582.87 ppm , respectively. Levels of resistance 

w ere calculated in com parison w ith  the know n susceptible population an d  the 

resistance w as highest for dicofol 46, 73,750ppm.

Laboratory and field studies w ere conducted to characterize the interface 

betw een citrus ru s t m ite Plnjllocoptruta oleivora (Ashmead) and  the acaricide dicofol. 

D irect and residual (continuous and  discontinuous residues) contacts of dicofol on 

susceptible (S) and  dicofol-resistant (R) strains of the mite w ere evaluated. The 

decay in biological activity of different form ulations o f dicofol w as also m easured in 

both the strains. Differences betw een S and R strains w ere less pronounced in direct 

contact than  in residual contact w ith  dicofol. W hen dicofol w as used a t high 

concentrations in residual bioassays (500-1280 pg a.i. /m l  of w ater [ppm]), the 

expression of resistance w as very  poor on fresh residues o f dicofol. H ow ever, as 

residues decayed substantially  greater m ortality of the S strain  than the R strain was 

observed. Field studies show ed  th a t dicofol on citrus fruits became biologically
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inactive to ru s t m ite relatively faster, both S and R strains surv ived  com pletely w hen 

transferred to a six day  residue. The form ulation of dicofol had  a significant effect on 

the rate of decay an d  biological activity. Differences in the rate of decay observed in 

bioassays w ere consistent w ith  the field perform ance of dicofol in controlling citrus 

ru s t m ite (D ennehy et nl., 1995).

Shaila (1999) observed high level of resistance to profenophos, 

m onocrotophos, dim ethoate, dichlorvos (14 to 33 folds) com pared to 4.3 folds 

resistance to dicofol in T. urticae populations from  open  field cultivated rose.

Resistance to dicofol in carm ine sp ider m ite, Tetrmiychus cinnnbnrinits was 

investigated by Fatih Dagli and Irfan Tunc (2001). H igher resistance levels were 

detected by leaf residual bioassays than by topical bioassays in alm ost all the 

populations of T. cinnribarinus exam ined from Antalya, Turkey. The resistance level 

a t LC95 w as 17.5-folds in topical bioassays, b u t it w as 58.9-folds in residual bioassays 

for the population collected from greenhouses in  the Topcular district. There were 

differences of resistance levels at LC95 ranging betw een 2.6- and 23.9-folds in topical 

bioassays and  betw een 5.0- and 58.9-folds in residual bioassays in populations 

collected from  greenhouses. Further they observed that resistance to dicofol as 

indicated  by topical and  residual bioassays increased to 19.7 and  100.7 folds, 

respectively in a colony from  the laboratory stra in  of T. cinnabarinus selected w ith  

dicofol alone for 16 cycles. H ow ever, dicofol resistance had  increased to 19.4 and 

52.0 folds in  ano ther colony selected in ro tation w ith  dicofol and tetradifon for six 

and  eigh t cycles, respectively. The changes in resistance to dicofol w as m onitored 5 

m onths after the selection w as ceased, in the colony selected for dicofol alone 

resistance decreased to 11.7-99.1 folds and  in the colony selected in rotation with 

dicofol and tetradifon, i t  decreased to 10.8-15.8-folds.

Samples of spider mite populations collected from ten rose houses were

tested for resistance to parathion, tetradifon and dicofol. Despite the fact that for a



period of 7 years tetradifon and  dicofol h ad  no t been used, resistance to these 

acaricides w as still p resent in m ost populations. Reversion to susceptibility in 

practice w as apparen tly  very  slow and  excluded the possibility of a rotational spray 

system  (O verm eer et al., 1975).

S ridhar and  Jhansi Rani (2007) recorded 2-3 folds resistance to dicofol and  2 to 

12 folds resistance to w ettable su lp h u r in T. urticne populations from  polyhouse 

roses in Delhi, Pune, Bangalore and H osu r (Tamil Nadu).

2.2. R esistance to organophosphates and carbamates

D ittrich (1969) reported  resistance developm ent in T. urticne to parathion and 

oxydem eton m ethyl w ith  LCso values of 4600 and 640 ppm , respectively, w hile die 

LCso values for the susceptible popula tion  w ere, 87.40 an d  10.56 ppm , respectively. 

M orse an d  Croft (1981a & b) observed com parable level of resistance developm ent 

to azinphosm ethyl in a susceptible popula tion  of T. urticne after 22 generations. 

W hen lim ited num ber of resistant m ites w as hybrid ized w ith susceptible 

population, they incorporated the resistance rapidly  a t  com parable rates when 

selected for 5 - 8 generations. The LC50 of the initial susceptible population w as 

0.03029% and that after selection w as 0.61808%. The initial LC50 of the resistant 

strain  used  in  this experim ent w as 0.03029% and the sam e after hybridization w ith 

susceptible stra in  had  the LC50 of 0.45876%.

Susceptibility levels to four acaricides om ethoate, oxydem eton m ethyl, ethion 

an d  p roparg ite  in field collected ad u lt females w as determ ined by LC50. The values 

w ere 3109.72, 11552.66, 5830.94 and  1464.18 ppm , respectively. Levels of resistance 

w ere calculated by com parison w ith the know n susceptible population. The 

resistance values w ere h igh for om ethoate (586739 ppm ) and  propargite (73209.00 

ppm ) (Estrada-Cotero and Sanchez-Galvez, 1990).

Hurkova et al. (1983) reported resistance to thiometon in populations of T.

urticae from commercial green houses during 1974-76, which ranged from 1.6 to 19.6
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folds, die resistance to th iom eton  and  fenitio thion in P. ulini from  app le  in Bohemia 

ranged  from 8.5 to 68.0 an d  10.5 to 102.8 folds, respectively.

LC50 values for m alathion resistan t laboratory  strain , susceptible laboratory 

stra in  an d  T. urticae m ites from fields of app le  and  peach orchards w ere 206 ppm , 

284 ppm , 166 ppm  and  33 ppm , respectively (El-Din, 1992).

Susceptibility in  T. urticae from a rose crop to acaricides w as com pared w ith 

m ites from  a forest ecosystem. Resistance to d im ethoate, propargite, naled and  

m evinphos in  m ites from  roses ranged from  1.8 - 5.2 tim es the value in m ites from 

forests. The m ites w ere relatively to lerant to d im ethoate and  naled (Souza - Filho et 

ah, 1994). In another study  conducted by Takem atsu el al. (1994), T. urticae from  rose 

show ed 4.08 folds resistance to dim ethoate, propargite, naled and  mevinphos. 

H erron et al. (1995) observed increase in resistance to acaricides over a period of 

time. T. urticae show ed m ore stable resistance of 15 folds in 1978-87 and increased to 

54 folds in 1990. In a  study  w here acaricide resistan t strains of T. urticae were 

m onitored from 1976-1995, the mite w as resistant to all organophosphates tested, 

dem eton-S-m ethyl, dim ethoate, parathion, profenophos an d  m onocrotophos w ith 

m axim um  resistance factor of 650x, 750x, 78x, 15x and  40x, respectively. Resistance 

peaked  in 1995 a t levels >100 folds for profenophos and >400 folds for 

m onocrotophos (Herron et al., 1998).

W ith regard to resistance to carbam ate pesticides, EI-Din (1992) reported  that 

LC50 values for four strains of T. urticae to Lannate (methomyl) in resistant and 

susceptible populations collected from peach and app le trees w ere 7.4 ppm , 2990 

ppm , 2330 ppm  and 604 ppm , respectively.

2.3. R esistance to other groups o f pesticides

Keena and G ranett (1990) collected the populations of T. urticae and T. 

pacificus from  two sites of San Soaquin Valley. The m ost susceptible population of T. 

urticae to propargite w as collected from site Ugarov and tha t of T. pacificus was from
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site Nikolski, w hich had  LC50 value 8 tim es higher than  tha t for the T. urticae colony, 

indicating that T. pncificus m ight have a natu ra l tolerance to propargite. The 

estim ated LC9.S, LC99, an d  LC99.99 values of p roparg ite  for the susceptible field- 

collected European red  mite, P. ulmi w ere 0.036, 0.045, and  0.869% a.i. respectively. 

How ever, the observed m ortalities (x% ± SE) for the greenhouse colony a t  the LC98 

(96.9 + 0.78) and  LC99 (97.6 ± 0.70) w ere slightly low er than  predicted. Based on these 

results, the LC99 of propargite, 0.045% a.i. w as selected as the discrim inating 

concentration. Any test stra in  giving m ortality  below  98% w as suspected of having 

som e resistan t ind iv iduals (Kabir et al., 1993).

Souza-Filho et al. (1994) carried ou t an  experim ent to s tudy  the susceptibility 

of T. urticae collected from  grapes in Polardo Sul, Brazil to som e acaricides in 

com parison w ith  T. urticae from a  natural forest. The m ites collected from grapes 

w ere up to  1.24 times m ore resistant to propargite. C heng and  Pan (1994) conducted 

laboratory tests (using glass slide dip m ethod) on T. urticae to determ ine the LC50 

values for four populations. The H onan population h ad  the  values of 8104.01 ppm  

for propargite. The LC50 values of propargite for D anzhou, Yueyang and  Sheyang 

populations w ere 804.64,112.03 and 732.32pp, respectively. Sato et al. (1994) studied 

the resistance of tw o spotted sp ider m ite to various acaricides on straw berry and 

from  forests. The LC50 values of propargite and  o ther pesticides for mite populations 

from  straw berry  w ere 0 to 54 tim es more than  tha t of the m ites from the forests.

Laboratory selections for resistance an d  susceptibility to fenpyroxim ate were 

perform ed in a popula tion  of tw o-spotted sp ider mite, T. urticae (green-form), 

collected from a com mercial straw berry field in  the State of Sao Paulo, Brazil by Sato 

et al. (2004). After five selections for resistance and  three selections for susceptibility, 

the resistance ratios (R /S) a t the LC50 and LC95 reached 2,910 and 2,280, respectively. 

Studies on field popula tions of T. urticae from  apple orchards in Akita showed 

resistance to fenpyroxim ate and  pyridaben. A population  selected seven tim es for



res is tan ce  to  fen p y ro x im a te  sh o w e d  h ig h  res is tan ce  to p y rid a b e n  (LC50 > 533 p p m ) 

(F unayam a a n d  T ak ah ash i, 1995).

T he in fluence  o f fen b u ta tin  o x id e  o n  o rg a n o tin  re s is ta n t tw o  sp o tte d  m ite , T. 

urticae w as d e te rm in e d  by  H e rro n  et al. (1994) a n d  a h ig h  level o f res is tan ce  of >1500 

fo ld s  w as co n firm ed  in  the  fie ld  s tra in . B u t the  level o f cy h ex a tin  resis tance  w as  on ly

9.8 folds.

E dge  a n d  Jam es (1982) re p o rte d  the  d e v e lo p m e n t of res is tan ce  by T. urticae to 

cy h ex a tin  in  a p p le  o rc h a rd . T he res is tance  w a s  co m p a re d  w ith  a su scep tib le  

re fe ren ce  s tra in  u s in g  P o tte r 's  sp ra y  to w er tech n iq u e . I t w a s  observ ed  th a t the  field 

p o p u la tio n  sh o w e d  7 .5-folds resistance . F o u r y e a rs  la te r, E dge a n d  Jam m es (1986) 

o b se rv ed  th a t in  a p o p u la tio n  fro m  a p p le  a n d  p e a r  o rc h a rd s  the  resis tance  d id  n o t 

exceed  15 folds. K eena a n d  G ra n e tt (1987) te s ted  20 p o p u la tio n s  o f T. urticae from  

o rc h a rd s  for cy h ex a tin  resis tance . N o  m u c h  d ifferen ce  w a s  o b se rv ed  in  the  LC50 

v a lu es  for these  p o p u la tio n s . Souza-F ilho  e t al. (1994) re p o rte d  th a t the  m ites  from  

g ra p e s  w ere  1.24 fo ld s  re s is ta n t to cyhexa tin  th a n  th e  m ites  from  the forests. LC50 

v a lu es  to a d u l t  fem ales o f tw o  p o p u la tio n s  o f P. ultiii w e re  0.03 - 0.126, 0.03-0.18 an d  

0.19 p p m  of p y rid a b e n , fen p y ro x im ate  a n d  fe n b u ta tin  ox ide , respectively . T. urticae 

sam p led  from  p e a r  o rc h a rd s  w ere  te s ted  fo r su scep tib ility  to cyhexatin  a n d  

fen b u ta tin  o x id e  by  T o n g y an tian  et al. (1992). M ax im u m  d ifference in  suscep tib ility  

(LC50) to  cyhexa tin  b e tw e e n  co lon ies w as  38 fo ld s  a n d  to fenbu ta tin -ox ide  the  

m a x im u m  d ifference w a s  478 folds. T he su scep tib ility  of T. urticae to cyhexa tin  w as  

s tu d ie d  u s in g  m ites  co llected  from  s traw b erries . T h e  m ite s  from  s traw b e rrie s  w ere  0 

to  5.4 tim es m o re  re s is ta n t to  cy h ex a tin  th a n  m ite s  from  th e  fo rest (Sato et al., 1994). 

Souza-F ilho  e t al. (1994) s tu d ie d  the  su scep tib ility  o f T. urticae co llected  from  a  rose 

c ro p  to  cy h ex a tin  in  co m p ariso n  w ith  m ite s  from  a fo rest. T he m ites  from  roses w ere  

1.8-5.2 fo ld s  m o re  res is tance  th a n  the  m ite s  from  th e  fo rest. W ash ing ton  S tate 

U n iv ers ity  e s tab lish ed  a  T ree F ru it R esearch  & E x tension  C en te r to m itig a te  the 

p ro b lem  of res is tan ce  a n d  d e m o n stra te d  th a t  p o p u la tio n s  of sp id e r  m ite s  in  tree



fru its  in  W ash in g to n  h a d  th e n  re g a in e d  su scep tib ility  to cy h ex a tin  (Y oung  et al., 

2006).

K im u ra  a n d  K u sh ita  (1994) re p o r te d  th a t LC50 v a lu es  to  a d u l t  fem ales o f tw o 

p o p u la tio n s  o f P. u lm i w ere  0.03-0 .126ppm , 0.03-0 .18ppm  a n d  0 .19ppm  o f  p y rid ab e n , 

fen p y ro x im ate  a n d  te b u fe n p y ra d  resp ec tiv e ly , w h ile  for T. urticne, th e  LC50 v a lues  

w ere  24.65, 203.03, 2.69,15.61 a n d  7 .01ppm , respectively .

C h e n g  a n d  P an  (1994) co n d u c te d  la b o ra to ry  te sts  o n  T. urticne co llected  from  

a p p le  trees  a n d  the  LC 50 of a m itra z  w as 4139.04 p p m .

A  fie ld  co lony  o f T. urticne w a s  se lec ted  successively  for 20 g en era tio n s  w ith  

p y rid a b e n  to  p ro d u c e  the  PR-20 stra in . R esistance a n d  m u ltip le  res is tance  levels of 

the  PR-20 s tra in  to  15 acaric ides w ere  d e te rm in e d  u s in g  a  sp ra y  b ioassay . T he PR-20 

s tra in  w a s  ex trem ely  re s is ta n t to  p y rid a b e n  (resis tance  ra tio  [RR] = 240], T h e  s tra in  

exh ib ited  ex trem ely  s tro n g  res is tan ce  to  fen p y ro x im ate  (RR = 373) a n d  ac in a th rin  

(RR = 329) a n d  a s tro n g  resis tance to b en zo x im ate  (RR = 84). A  re s is ta n t ra tio  o f 10- 

40 w a s  o b se rv e d  w ith  abam ectin , fen azaq u in , fe n b u ta tin  oxide, fen p ro p a th rin , an d  

te b u fe n p y rad . T he PR-20 s tra in  sh o w e d  lo w  levels of res is tan ce  (RR < 10) to 

azocyclo tin , b ro m o p ro p y la te , ch lo rfen ap y r, dicofol, m ilbem ectin , a n d  p ro p arg ite . 

S y n erg is t ex p e rim en ts  w ith  d iffe re n t m e tab o lic  in h ib ito rs  rev ea led  th a t p ip e ro n y l 

b u to x id e  (PBO), a  m ix ed  function  o x id ase  (M FO) in h ib ito r, h a d  th e  g re a te s t effect on 

p y rid a b e n  resistance . PBO sign ifican tly  cau sed  p y rid a b e n  res is tan ce  in  th e  PR-20 

s tra in  to  d ro p  to  the  fu ll su scep tib ility  level o f th e  su scep tib le  strain(S ). H ow ever, 

th e re  w a s  n o  s ig n ifican t d ifference in  M FO  ac tiv ities  m e a su re d  b e tw een  the 

su scep tib le  a n d  th e  PR-20 s tra in s. I t w a s  su g g es ted  to  u se  aca ric id es  w ith  low  

m u ltip le  res is tan ce  o r PBO in  th e  m a n a g e m e n t o f p y rid a b e n  res is tan ce  in  the  field 

(Y oung  e ta l., 2006).

H e rro n  e t al. (1993) co n firm ed  res is tan ce  in  T. urticae to  an  IGR (clofentezine). 

T he res is tan ce  in  p o p u la tio n  from  Q u e e n s la n d  g lass h o u se  ro ses w a s  ex trem ely  h ig h
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(>2500X), w hich also conferred high level of cross-resistance to  unrelated com pound 

hexythiazox.

The resistance ratios of T. urticae popula tions ranged  from  19.8 to 28.8 and

16.8 to 39.8 for fenazaquin and  tebufenpyrad , respectively w hen  com pared to the 

m ore susceptible reference populations from  apple o rchards in  the Southern France. 

The resistance w as h igh for tebufenpyrad than for fenazaquin (Romain et al, 2003).

Studies w ith  T. urticae populations in Turkey revealed the relative toxicity of 

abam ectin to dicofol resistant and  susceptible s tra ins as 0.12 and 0.60 ppm , 

respectively, w hen  all the ad u lt females of these strains w ere killed. The lower 

concentrations of 0.06 and  0.012 ppm  killed m ore than 77 per cent of ad u lt females of 

these strains (Francisca C am pos et nl., 1995).

The level of susceptibility in  ad u lt females of European red mite, P. tilnii 

populations from apple orchards in Bursa region of Turkey to acaricides, dicofol, 

brom opropylate, fenpyroxim ate and am itraz (acaricide-insecticide) was determ ined 

by a Petri leaf d isk  - Potter's spray tow er method. W hen com pared w ith the 

susceptible population, resistance ratios, as indicated by LC50 values, ranged from

2.2 to 11.9, 0.8 to 3.6 ,1 .0  to 22.5 and 0.9 to 7.9, w hile LC90 values varied from 1.6 to 

9.8, 1.0 to 5.4, 1.0 to 47.4 and  1.4 to 36.6, for am itraz, dicofol, brom opropylate and 

fenpyroxim ate, respectively. Susceptibility w as low for fenpyroxim ate and 

brom opropylate than for the other two com pounds, am itraz and  dicofol. This 

suggested d ia t tine susceptibility of P. ulmi to these com pounds varied w idely w ith 

location in the Turkey region (Bahattin et nl., 2007).

2 .4 . R esistance m anagem ent in  m ites

Y oung et al. (2006) suggested  the following for m anagem ent of pesticide 

resistant m ite population:
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a) M ite dam age is a function of tim e in crops like grapes, early popula tions of m ites 

before b ud  d ifferentiation could be m ore dam aging  than  the sam e num ber of 

m ites occurring later, during  the m id season. H igh populations of m ites a t  m id or 

late season resulted in egg deposition  in the calyx ends of fruit, w hich could not 

be rem oved. Keeping m ite populations below  the optim um  num bers for 

reproduction is an im portan t factor in m ite control. M easures that m aintain low 

m ite populations a n d  prevent the dam age are m ore effective than eradicative 

m easures that m ight be ineffective and be late to prevent the dam age.

b) M iticides w ith  different m odes of action should  be ro tated  w ith in  a season or 

from  season to season to delay the developm ent of resistance. Once resistance to 

a m iticide has developed through selection p ressure and  the m iticide is no  longer 

used, the m ite popula tion  will regress from  hom ozygous resistance to 

heterozygous resistance. Therefore, a m iticide to w hich  resistance w as developed 

som e years ago can often be effective again, if em ployed only once in a season. It 

generally requires a  few  generations for the m ites to regain the resistance. Such 

m iticides could be effectively used in ro tation  w ith  m iticides having different 

m ode of action.

c) Use pre-blossom  applications of superior oil or organic m iticides and  sum m er 

applications of m iticides as needed. If possible, use m iticides that are selective 

against mites. To pro tect predators, avoid the use of pesticides such as 

carbam ates, pyrethroids and  other classes of com pounds tha t are know n to be 

detrim ental to beneficial predators.

d) Solutions containing petroleum -based horticultural oils, vegetable oils or 

agricultural soaps can  be applied on crops like grape vines. A dult m ites 

including eggs are killed by suffocation w hen the oil or soap solution sm oothed 

them. Extreme care should  be taken w ith  the use o f these products to lim it the 

chances for phytotoxicity.
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e) Dicofol is an  organochlorine m iticide still available for use against m ites and is 

relatively less persisten t in the environm ent. Dicofol offers better m ite control 

activities a t w arm er tem peratures against sp id er mites, bu t it is recom m ended 

tha t this p roduct should  no t be used m ore than once w ith in  a single grow ing 

season.

f) The efficacy of organotin com pounds can be im proved, if they are used during  

periods of w arm er weather.

2.4.1. Control o f  sp ider m ites on  tomato and other crops u sin g  new er acaricidal 

m olecu les

In a laboratory assay by Aji (2005) m ilbem ectin w as found more ovicidal on 

T. urticae (LC50 value of 3.77 ppm ) followed by fenpyroxim ate (24.79 ppm), 

abam ectin (38.06 ppm ) an d  fenazaquin (86.08 ppm ) and  in a field study, he reported  

tin a t w ithin 3 days, fenpyroxim ate (® 30 g a .i./h a ) treated plots which recorded the 

low est num ber of m ites (eggs and  active stages) i.e. 10.1/leaflet w as m ost effective 

resulting in 76.8% reduction over control. Fenazaquin causing 71.8% reduction w as 

nex t in  the o rder of efficacy. Ten days after application still fenpyroxim ate 

treatm ents (15-30 g a .i./ha) show ed significant reduction in the mite population (65 - 

79%). After Fourteen days, new er acaricides like bifenthrin, clofentezine and 

fenpyroxim ate w ere found relatively more effective.

W hen T. urticae and  T. cinmbarinus infested tom ato and cucum ber crops in 

green houses w ere sprayed  w ith  range of acaricides, m ortalities of m ites over 90% 

w ere obtained in m ost of the cases. But d iafenthiuron an d  abam ectin w ere singled 

ou t as m ost effective (Szwejda, 1993). U nder high infestation pressure, acaricides 

such as abam ectin, diafenthiuron and fenpropathrin  gave excellent control of T. 

cinmbarinus on green house tom ato and cucum ber in Poland. After 14 days m ore 

than  98% m ortality of the m obile stages w as observed (Szwejda, 1994). According to 

U ndurraga and  Dybas (1998), abam ectin a t 13.5-27 g. a. i . /h a  plus 0.25% mineral oil
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controlled Tetranychus spp. on  tom atoes in USA, Mexico and Argentina an d  in South 

Africa, it w as effective © 10 - 22 g a. i./h a .

Judicious application of p roparg ite  (Omite 57EC) or fenpyroxim ate (Ortus 

5EC) or dicofol (M itigan 18.5 EC) or d iafenthiuron (Pegasus 25 EC) and  timely 

release of P. persimilis offered m axim um  protection of tom atoes from  sp ider m ites in 

green houses and  open fields in Bulgaria (A tanasov et al., 1995).

Legrand et al. (1999) carried ou t field trials in Belgium for the control T. urticae 

on sugarbeet using  new er products, nam ely  bifenthrin, fenazaquin, thiom eton + 

fluvalinate, hexythiazox and  a m ixture of hexythiazox and pyridaben. Except for the 

form ulation th iom eton + fluvalinate, all o ther p roducts p rovided  good control of 

m ites u p to  one m onth.

A guiar et al. (1993) evaluated different doses of diafenthiuron against T. 

urticae on green house roses at28°C and  70% RH. D iafenthiuron w as highly efficient 

a t 30 and  40g a. i./lOO litres of w ater. M ortalities obtained w ere com parable w ith 

those obtained w ith  abam ectin a t 20 ml a. i./lOO litres of w ater. Different 

concentrations of clofentezine and  abam ectin w ere tested against T. urticae on roses 

in green houses, clofentezine a t 25g and  abam ectin a t  3.6 g a. i. in 100 litres of w ater 

w ere effective against the mite (Aguiar et al., 1995).

Acute lethality of fenazaquin against T. urticae adults infesting glass house 

rose w as assessed by Sekulicef al. (1998). A dults w ere 10 times less susceptible than 

o ther developm ental stages, bu t a glasshouse trial on cucum ber and tom ato showed 

tha t fenazaquin a t 80 and 120 m g /litre  had  good efficacy seven days after 

application, the efficacy declined after 14 days. O nkarappa (1999) found that 

abam ectin (4.5ppm) and dicofol (0.044%) w ere effective in suppressing  the two 

spotted  sp ider m ite population on green house rose. A kashe (2002a) noticed the 

low est LC50 value of 0.000041% for abam ectin 1.9 EC followed by clofentezine 50 SC 

(0.00095%) indicating higher toxicity com pared to diafenthiuron and  dicofol. In 

another study  A kashe (2002b) com pared the  efficiency of different new er acaricides
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during  sum m er season. The highest m ortalities of 87.43% and  86.35% w ere recorded 

w ith  abam ectin (0.00045%) and  clofentezine (0.006%), respectively. Dicofol (0.05%) 

caused a m ortality  of 82.63% and  d iafenth iuron  (0.075%) caused 72.94% m ortality.

G reen and  Dybas (1984) found th a t abam ectin w as effective against T. urticae 

on ornam entals w hen  applied  a t the rate  of 1.5 litres /ha . Similarly, Lasota and 

Dybas (1990) and  M asis and A guilar (1990) reported  tha t abam ectin ® 5-27 g a .i./h a  

w as effective on phytophagous m ites infesting straw berry, citrus, cotton, pear and 

vegetables.

W hen chemical control of the tw o spo tted  sp id e r mite, T. urticae w as carried 

o u t in Sw itzerland, acaricides like, clofentezine (Apollo), fenpyroxim ate (Kiron), 

fenazaquin (M agister) and  abam ectin (Vertimec) w ere found m ore effective on 

straw berry  du ring  sum m er m onths (A ntonin et al., 1997). G reater efficacy of 

clofentezine (Apollo), dicofol + tetradifon (KT22) and  fenazaquin (M agister) against 

T. urticae on straw berry  crops in green houses in Italy w as observed by Nicotina and 

Ernesto (1998). M ixtures of fenazaquin w ith  an  ovicide (clofentezine of unstated 

concentration) gave good control. Fenazaquin a t  50 g a.i./'lOO litres alone was 

insufficient to contain the infestation, although fenazaquin used alone a t  75g a.i./lOO 

litres show ed  good efficacy, dicofol + tetradifon w as less effective. Allen et al. (1997) 

reported  tha t T. urticae populations w ere significantly suppressed by abam ectin and 

clofentezine on apple and pear crops.

C urkovicef al. (1999) evaluated fenazaquin and fenpyroxim ate against P. ulmi 

on apple  and  pear in com parison w ith  pyridaben. Fenazaquin and  fenpyroxim ate 

show ed faster control of mobile individuals of P. ulmi under field conditions in Chile 

controlling 90% of the population in 3-9 days after application. Efficacy w as directly 

proportional to fenazaquin concentration. Control w ith fenazaquin (>0.005% a.i.) 

and fenpyroxim ate (>0.025% a.i.) w as statistically on  par. Control of eggs w as more 

than 77% w ith  0.005-0.010% fenazaquin, w hich w as sim ilar to the control by
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fenpyroxim ate a t 0.025% a.i. Fenazaquin sp rayed  a t 0.02% a.i. resulted in 97% 

control of eggs in both the fruit o rchards and  w as superior to fenpyroxim ate.

El-Banhawy an d  A nderson (1985) conducted field experim ents in cotton for 

the control of T. urticae and  found that residual toxicity of averm ectin B1 for ten days 

and  the toxicity increased w ith  the increase in tem perature. Abam ectin @ 10.8 g

a .i./h a  w as found to be effective on T. urticne infesting cotton (Ram alho cl al., 1986 ; 

C lark el al., 1995).

Vostrel (1996) investigated on  the control of T. urticne on H um ilus lupulus 

using O rtus (5% Fenpyroxim ate) and M agus 200 SC (20% fenazaquin). Fenazaquin 

gave com plete m ortality a t 0.12% concentration and  m ore than 95 per cent a t 0.06% 

concentration. Fenpyroxim ate show ed 84.5 and  100 per cent m ortality  a t 0.1 and 

0.05% concentrations, respectively.

An experim ent w ith  11 insecticides w ith  know n or expected acaricidal 

activity w as carried out against T. urlicae on Hedera helix. The plants were 

thoroughly treated  once using a knapsack sprayer and  m ortality w as assessed after 

one week. Bifenthrin, dicofol and  abam ectin treatm ents gave p roper control of T. 

urticae rang ing  from  85.7 to 98.5%. A bam ectin a t 0.5 ml form ulated com pound per 

litre of w ate r resulted  in 96 to 98% m ortality  of motile stages. Dicofol and  bifenthrin 

could give a sim ilar result, providing an  adjustm ent of the dose or a second 

treatm ent (H eungens and  Tirry, 2001).

Aucejo et al. (2003) conducted field experim ent on the efficacy of ten 

acaricides against T. urticae. Of w hich M agister (fenazaquin), Bermectin and  Crater 

(avermectin) w ere found to be very effective, Kendo (fenpyroxim ate) w as not as 

effective as o ther acaricides.

Choi et al. (1997) a ttem pted  the control of T. viennenis on cherry, peach and 

apple in Korean Republic using  different acaricides. Azocyclotin, pyridaben, 

propargite, tebufenpyrad and  fenpyroxim ate w ere highly effective against females,
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w hile hexythiazox and  clofentezine w ere least effective and  all those acaricides were 

found highly effective against eggs.

Use o f ov icides, antim etabolites etc.

Clofentezine an d  hexythiazox are selective ovicidal products an d  sp id er mite 

eggs exposed to these com pounds failed to hatch. Both these chem icals are selective 

and  aid in the conservation of beneficial arthropods. These p roducts are typically 

used on crops relatively early in the production season before the m ite populations 

reach the epidem ic conditions. The use of new er m olecules like abam ectin, 

fenpropathrin , bifenthrin, pyridaben and chlorfenapyr w ith  extended effectiveness 

against sp ider m ites has been suggested (Young et nl., 2006).

U se of pestic id e tolerant natural enem ies

M arkwick (1986) reported tha t the tw o species of phytoseiid  miles, 

Typhlodromus pyri and Phytoseilus persimilis developed resistance to cyperm ethrin  

and fenvelarate respectively, after six selections. Cross-resistance of T. pyri to 

deltam ethrin  w as observed, bu t P. persimilis d id  not show  any significant difference 

in the survival ra te  even after repeated  selections. Yan et al. (1996) noticed 

fenvalerate resistance in a strain of Aviblyseius pseudobngispinosus, w hich show ed 

LCoo value 65 times higher than that of the w ild strain after 18 selection cycles, but 

w as unstable in the absence of selection pressure.

H oy and  O uyang (1989) detected resistance to abam ectin and fenbutatin 

oxide in phytoseiid  predators. The predatory  mite, Metaseiulus occidentalis, after 

selection over 20 generations show ed 3.8-folds increase in LCso of abam ectin and the 

increased rate  of survival w as attributed  to increased fecundity of ad u lt females.

H orn  et nl. (1994) show ed developm ent of fenbutatin  oxide resistance in the 

laboratory strain  of P. persimilis after 108 selections, the selected P. persiy/iilis 

d isplayed 50-folds increase in  LCso as com pared w ith  the paren t strain. The



co n cen tra tio n  of fen b u ta tin  ox id e  u se d  to  m a in ta in  se lec tion  exceeded  the 

reco m m en d ed  ra te  of app lica tion .

Species o f p h y to se iid  m ite  p re d a to r  Neoseiilus loitgispinosus h as  been  fo u n d  

p ro m is in g  a g a in s t sp id e r  m ite  in fes ta tio n  in co n tro lled  co n d itio n s  (M allik  e t al., 

2003). S u g ee th a  (2004) sh o w e d  tiia t p h y to se iid  p re d a to r  Am blyseius longispinosus 

a tta in e d  24 fo ld s  resis tance  to d icofo l a fte r  40 selections. B ut s tab ility  o f resis tance  

w as  n o t  o b se rv ed , w ith in  5 g en era tio n s  to lerance  d ec lin ed  by  15%. D icofol re s is tan t 

p re d a to r  p o p u la tio n  sh o w e d  m u ltip le  res is tan ces  to  d im e th o a te , p ro fen o p h o s, 

m o n o c ro to p h o s  a n d  en d o su lfan  a n d  zero  res is tan ce  to  ab am ectin , m ilbem ectin  a n d  

triazo p h o s .
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III. M A T E R IA L  A N D  M E T H O D S

The present investigations on Tetranychus urticne Koch infesting tom ato 

included establishing base-line values for its susceptibility to w ettable sulphur, 

dicofol, abam ectin, diafenthiuron, fenazaquin an d  proparg ite , m onitoring the level 

of resistance to these com pounds in T. urticne populations from Bangalore and  Kolar 

districts an d  field evaluation of new er acaricidal molecules. All the laboratory 

experim ents w ere carried out in the Acarology section of the D epartm ent of 

A gricultural Entomology, University of A gricultural Sciences, G.K.V.K, Bangalore 

and  the field investigations w ere carried ou t in farm er's fields in V adagur and 

C hintam ani in  Kolar d istric t and in R ajanukunte and  H oskote in Bangalore district 

during  2006-08. The details of the material used and  m ethodology adopted during 

the course of these investigations are presented hereunder.

3.1.E stab lish ing  base lin e  values fo r suscep tib ility  of Tetranychus urticne Koch to 
selected acaricides

3.1.1. D evelopm ent of suscep tib le  cu lture in  the  laboratory

Tw o spotted  sp ider mite, T. urticne w as collected from naturally  infested 

tom ato crop in the field at GKVK C am pus and reared for two generations on tom ato 

leaves k ep t on w e t cotton w ad  in Petri plates. Subsequently the m ite cu lture was 

m aintained on m ulberry  leaves k ep t on m oist cotton w ad in large plastic or 

alum inum  trays. This m ite culture w as m aintained in the laboratory for thirty  eight 

generations as a susceptible laboratory population w ithou t exposing it  to any 

acaricide and  used for determ ining base-line values for susceptibility to acaricides 

nam ely, w ettable su lphur, dicofol, abam ectin, diafenthiuron, fenazaquin and 

propargite.
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The biology of the  m ite  w as  s tu d ie d  to record  the duration  of different 

developm ental stages and  a lso  tine d u r a t io n  from  egg to egg. This w as considered as 

die time taken for co m p le tio n  of one g e n e ra tio n  of the mite.

3.1.2 D eterm ination  o f b a s e - lin e  v a lu e s  f o r  suscep tib ility  o f T. urticae to acaricides

Base-line values a re  the  m e d ia n  le th a l  concentration (LCso) values determ ined 

for the susceptible lab o ra to ry  cu ltu re  of T . urticae du ring  different generations. LCso 

values w ere determ ined  fo llow ing  L e a f  D ip Bioassay m ethod. Before fixing die 

testing concentrations for b ioassay , p re lim in a ry  studies w ere carried ou t w itii two 

w ide concentrations and  fo r  each b io a ssa y  6-8 testing concentrations that w ould  give 

m ortalities ranging from 20-90% w e re  used  to prepare concentration-m ortality  

regression lines. Stock so lu tio n  o f th e  h ig h e s t concentration w as p repared  initially 

and  then serially d ilu ted  to g e t th e  re q u ire d  lower concentrations. Fresh tomato 

leaflets w ere d ipped  in d e s ire d  co n ce n tra tio n  of acaricides for 5 - 10 seconds and  air 

d ried  under a ceiling fan. Such trea ted  leafle ts  w ere kept on w et cotton w ads in a 

Petri plate and  on these leafle ts  th irty  ac tiv e  ad u lt females w ere released as one 

replication, and  three su c h  rep lica tions w e re  m aintained along w ith  a w ater treated 

control.

O bservations on th e  m ite  m o rta li ty  w ere recorded up  to 4 days at 24 h 

interval. D uring  each o b se rv a tio n  t h e  m ites which w ere found drow ned  or 

entangled to cotton fibers w ere  p laced  b a c k  carefully on die corresponding leaflet- 

using a fine cam el hair b ru s h  a n d  th e  observations w ere continued. Mites which 

w ere live, b u t w ere not a b le  to  m o v e  w h e n  gently p rodded  witii a soft hair brush 

w ere considered as m o rib u n d  o r d ead .

The m ortality  d a ta  reco rd ed  w e r e  corrected using A bbott's form ula (1925) 

depending  on die m o rta lity  observ ed  in  th e  control. The corrected m ortalities were 

subjected to Probit A na ly sis  (F inney, 1971) for determ ining concentration - m ortality 

responses an d  the M e d ia n  L ethal C o n cen tra tio n  (LCso) values. LCso values were
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determ ined for t h e  su scep tib le  la b o ra to ry  cu lture du ring  5"', 15"', 25"' and  38"' 

generations for d i f f e r e n t  aca ric id a l c h e m ic n is LC50 value in the 38"' generation was 

considered as the  b a se -lin e  v a lu e  o f th e  lab o ra to ry  susceptible popula tion  and also 

this population  w a s  co n s id e re d  as  th e  re fe ren ce  strain  for calculating the extent of 

resistance as R e s is ta n c e  Ratio. LC50 v a lu e s  determ ined for different generations of 

the susceptible la b o ra to ry  c u ltu re  w e r e  used to understand  the progressive 

susceptibility in  th e  lab o ra to ry  p o p u la tio n  over generations. The commercial 

form ulations of a c a r ic id e s  w ere  u sed  in  a l l  the laboratory assays and  the details of 

acaricides used  i n  th e  p re se n t in v e s tig a tio n s  on acaricide resistance in two spotted 

sp ider m ite, T. u r tic n e  in festing  tom ato  w ere :

T a b l e  1. D e ta ils  o f a c a r ic id e s  used  in  resistance stud ies

SI
No.

C h e m ic a ls T ra d e  nam e M anufacturer

1 W e tta b le  s u lp h u r S u lta f 80WP M /s  Rallis India Ltd., 
M umbai

2 D icofol C olonel-S  18.5 EC M /s  Jndofil Chem icals Co. 
M umbai

3 A b a m e c tin V e rd m e c  1.9 EC

M /s  Syngenta com pany Ltd., 
M um bai ;

W illwood Agro-Chem. Pvt.Ltd., 
Chennai

4 D ia fe n th iu ro n P e g a su s  50 WP
M /s  Syngenta C om pany Ltd., 

M umbai

5 F e n a z a q u in M a g is te r  10EC M /s  E.I. D uPont India Pvt. Ltd., 
G urgaon, H aryana

6 P ro p a rg ite O m ite  57E .C
M /s  N orthern  M inerals Ltd., 

G urgaon, H aryana

3.2.1. M o n ito r in g  th e  lev e l o f re s is ta n c e  in  d iffe ren t popu la tions o f T. urticae

To assess th e  level o f re s is tan c e , T. urticne populations on tom ato were 

sam pled from  t w o  loca tio n s  each  from  districts, Bangalore (Rajanukunte and 

Hoskote) and  K o la r  (C h in tam an i an d  V adagu r). M ite populations on tom ato were 

collected from f a r m e r 's  fie ld  a t  tw o  d iffe re n t intervals (m onthly or bimonthly)
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during  the cropping  se a so n  b e tw e e n  J u ly  2007 and  January  2008. W hen mite 

populations collected w ere s u f f i c i e n t  in  n u m b e r  they w ere d irectly  used  for bioassay 

studies w ith  different a c a r ic id e s  n a m e ly , w ettable su lphur, dicofol, abamectin, 

diafenthiuron, fenazaquin a n d  p r o p a r g u e. W hen the m ite population w as not 

sufficient, popula tion  from F i  p ro g e n y  W as used  for the bioassay studies. Leaf dip 

bioassay metliod w ith  a t l e a s t  6  co n c e n tra tio n s  for each of the acaricides w ere used 

to determ ine the LCso v a lu e s  a n d  to c o n s tru c t concentration-m ortality lines (Log 

concentration - P robit r e s p o n s e  lines) fo llo w in g  Probit A nalysis (Finney, 1971).

The LCso values d e te r m in e d  for f ie ld  populations a t different intervals were 

com pared w ith  the LC50 v a l u e  o f th e  suscep tib le  laboratory cu lture in the 38th 

generation and used for d e te c t in g  a n d  quantifying the level of resistance as 

Resistance Ratio.

LC50 o f  ch em ical to the field population at a particular interval
Resistance Ratio = ------------------------------------------------------------------------------------------------

LC50 of c h e m ic a l to the suscep tib le  laboratory population  in the 38th 
g e n e ra tio n  (reference strain)

3.2.2. Evaluation o f n ew er a c a r ic id e s  a g a in s t  tw o spo tted  sp id e r m ite T. urticae 
in fes tin g  tom ato

In an effort to e x e rc ise  sa tis fa c to ry  control of pesticide resistant sp ider mite 

population, the m ite in fe s te d  to m a to  c r o p  in a farm er's field in V adagur village of 

Kolar d istrict w as se lec ted  to  e v a lu a te  a few new er acaricidal molecules in 

com parison w ith  the c o n v e n t io n a l  a c a ric id e , dicofol. The details of acaricides used in 

the field experim ent were:
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T a b le  2. A caric ides  u s e d  in  to m a to  f ie ld  e x p e rim e n t a t V a d a g u r  in  K o la r

A caric ides
D o s e /
Cone.

T ra d e  n am e M a n u fa c tu re r

A bam ectin 6 g a . i . /h a V ertim ec  1.9 EC

S y n g en ta  Ind ia  Ltd., 
M u m b a i; 

W illw ood  A gro-C hem . 
Pvt.L td ., C h en n a i

C h lo rfen a p y r
75 g a . i . /h a

In tre p id  10 SC
BASF In d ia  Ltd., 

M um bai

D iafen th iu ro n 450 g a . i . /h a P egasus 50 W P
S yng en ta  In d ia  Ltd., 

M um bai

F en azaq u in 125 g a . i . /h a M ag iste r 10 EC
El D u P o n t Ind ia  Pvt. Ltd., 

G u rg ao n  (H aryana)

F enpyrox im ate
30 g  a . i . /h a

Sedna 5 SC
R allis Ind ia  L td ., 

M um bai

M ilbem ectin
4 g  a . i . /h a

M ilbeknock 1EC
N ag arju n a  A g rich em  L td ., 

H y d erab ad

P ro p arg ite 570 g  a . i . /h a O m ite  57 EC
N o rth e rn  M in era ls  L td ., 

G u rg ao n  (H ary an a)

M ineral oil 10 m l/ l i t . M A K  All S eason  H M O
B hara t P e tro leu m  C o rp . Ltd., 

M um bai.

F ish  oil ro s in  soap 5 g /l it . FOSCO
C ro p s  C are  (Ind ia) P ro d u c ts , 

M an g a lo re

D icofol 2 .5 m l/lit . C olonel-S  18.5 EC
Indofil C hem icals  Co., 

M um bai

W ettab le  su lp h u r 2 .5 g /li t S u lta f 80 W P
Rallis Ind ia  L td ., 

M um bai

T he ex p erim en t w a s  la id  o u t in  R an d o m ized  C o m p le te  Block D esign  w ith  12 

trea tm e n ts  a n d  3 rep lica tio n s  d u r in g  su m m e r 2008 (F eb ru ary  - M ay). T he p lo t size 

w as  5 m  x 5m  w ith  a ro w  sp a c in g  of l m  a n d  p la n t to  p la n t  sp ac in g  of 30 cm s. W hen  

the  to m ato  crop  (v arie ty  A bh inava) w as  100-110 d a y s  o ld  w ith  h ig h  m ite  in festa tion  

d iffe ren t acaric ides w ere  sp ra y e d  u n ifo rm ly  u s in g  a  h ig h  v o lu m e  k n ap sack  s p ra y e r  

a t  the  ra te  o f 300 litres  of sp ra y  flu id  p e r  acre.

For reco rd in g  o b se rv a tio n s , from  each p lo t f iv e  p la n ts  from  th e  in n e r  ro w s 

w ere  se lec ted  a t  ra n d o m  a n d  from  each  p la n t six  leafle ts  tw o  each  from  to p , m id d le
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an d  b o tto m  can o p ies  w ere  sa m p le d  a n d  b ro u g h t to  th e  la b o ra to ry  in  p o ly e th y len e  

covers. T h e  n u m b e r o f eggs a n d  ac tiv e  s tag es  (larvae , n y m p h s  a n d  a d u lts )  o f sp id e r  

m ite s  on  b o th  the  su rfaces o f leafle ts  w a s  reco rd ed  u s in g  a  s te reo b in o cu la r 

m icroscope a n d  the  m ite  p o p u la tio n  w a s  c o m p u te d  as  th e  m e a n  n u m b e r  (eggs o r 

active s ta g e s  o r eg g s  a n d  ac tive  stages) p e r  leaflet. T he p re tre a tm e n t c o u n ts  w ere  

m a d e  o n e  d a y  befo re  sp ra y  a n d  p o s t tre a tm e n t o b se rv a tio n s  w e re  reco rd ed  on  the  

3 rd, 7lh, 10th a n d  14th d ay  a fte r each  app lica tio n .

T he p o p u la tio n  d a ta  reco rd ed  w e re  sub jec ted  to s ta tis tica l an a ly sis  a fte r  

Vx+0.5 tran sfo rm a tio n s  a n d  an a ly sed  sta tis tica lly  fo llow ing  A N O V A  tech n iq u e  for 

R an d o m ised  C o m p le te  Block D esign  a n d  th e  re su lts  w ere  in te rp re te d  a t  5% level of 

s ignificance. T he effectiveness o f d iffe re n t aca ric id es  w as  c o m p a re d  b o th  in  te rm s of 

m ite  p o p u la tio n  as w ell as  p e r  c e n t red u c tio n  in m ite  p o p u la tio n  o b se rv ed  o v er 

u n tre a te d  co n tro l u s in g  the  fo llow ing  H e n d e rso n  a n d  T ilto n 's  fo rm u la  (1955).

P er cen t red u c tio n  o v er co n tro l = 1— ^ (T a /T b )  x (C b /C a ) J  x 100

W here , T a = p o p u la tio n  in  trea ted  p lo t a fte r  s p ra y / t re a tm e n t  
Tb = p o p u la tio n  in  trea ted  p lo t befo re  s p ra y / t re a tm e n t  
C a = p o p u la tio n  in  con tro l p lo t a fte r  s p r a y /  trea tm en t 
C b  = p o p u la tio n  in con tro l p lo t befo re  s p ra y / t re a tm e n t
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IV . E X PE R IM E N T A L  RESU LTS

The results of the present investigations carried o u t d u rin g  2006-08 on the 

establishm ent of base-line values for susceptibility of laboratory popula tion  of 

Tetranychus urticae to selected acaricides, assessm ent of resistance in  different 

populations of T. urticae to w ettable su lphur, dicofol, abam ectin, diafenthiuron, 

fenazaquin, propargite and  evaluation of new er molecules against tiiis m ite in a 

farm er's field in Kolar d istrict are presented in diis chapter.

4.1. B ase-line values for suscep tib ility  of laboratory  p o p u la tio n  of T. urticae  to 
selected  acaricides

Susceptibility of successive generations of T. urticae to different pesticides 

are presented in Table 1 and depicted in Fig. 1 -6 .

The LCso values of w ettable su lp h u r for the 15,h an d  38"' generation of T. 

urticae laboratory population w ere 0.02110% and  0.01135%a.i, respectively. The 

susceptibility of die laboratory popula tion  to w ettable su lp h u r increased over 

generations as the LC50 values decreased from 0.02110% to 0.01135% a.i. (Table 1)

(Fig-1)-

The LC50 values of dicofol for the 5lh, 25,h an d  38th generations w ere 0.01832,

0.00005 and  0.00001% a.i, respectively. The susceptibility of laboratory population 

to  dicofol w as found to increase over generations as the LC50 values decreased 

from  0.01832% to 0.00001% a.i. (Fig. 2)

The LC50 values for abam ectin in the laboratory populations of T. urticae in 

25th and  38di generations w ere 0.00005% and  0.00001% a.i., respectively. As 

observed witii o tiier acaricides susceptibility increased over generations (Fig. 3).

The susceptibility of T. urticae to diafenthiuron in its 15th, 25lh and  38"' 

generations are depicted in Fig. 4 and  the corresponding LC50 values of 

diafenthiuron w ere 0.00027%, 0.00014% and 0.00001% a.i, respectively, which



Table 1. D evelopm ent o f susceptible population o f Tetranychus urticae in the laboratory

Generation in 
the laboratory

LC50 (% a.i.)

Wettable sulphur Dicofol Abamectin Diafenthiuron Fenazaquin Propargite

5,h ND 0.01832 ND ND ND ND

15th 0 .0 2 1 1 0 ND ND 0.00027 0.00051 0.00030

25th ND 0.00005 0.00005 0.00014 0.00005 0.00024

38th 0.01135 0 .0 0 0 0 1 0 .0 0 0 0 1 0 .0 0 0 0 1 0 .0 0 0 0 1 0.00003

*  N D :  N o t  D e te r m in e d

r o
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Fig. 1. D osage-m ortality response o f  laboratory population o f  Tetranychus urticae 
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in d ic a te d  inc rease  in  th e  su scep tib ility  of th e  la b o ra to ry  p o p u la tio n  in  the 

successive  genera tions . T h e  LC 50 v a lu e  w h ich  w as  0.00027% a.i. in  th e  15th 

g en era tio n  w a s  fou n d  d ec re a se d  to  0.00001% a.i. by  38th g e n e ra tio n  (Fig. 4).

Increased  su scep tib ility  o f th e  la b o ra to ry  p o p u la tio n  o f T. urticne w as  

e v id e n t w ith  fenazaqu in , w h ic h  is in d ic a te d  by  re d u c e d  LC50 v a lu e s  from  15th to 

38lh g en e ra tio n  (Fig. 5).

T he LC50 v a lu es  o f p ro p a rg ite  fo r the  15th, 25 th  a n d  38 th  g en e ra tio n  of 

la b o ra to ry  p o p u la tio n  of T. urticne w ere  0.00030%, 0.00024% a n d  0.00003% a.i, 

respective ly . The suscep tib ility  in c reased  o v er successive  g e n e ra tio n s  as  observed  

w ith  o th e r acaric ides (Fig. 6).

4.2. A caric id e  re s is ta n c e  in  B an g a lo re  a n d  K o la r  p o p u la t io n s  o f  T. urticne

4.2.1. R es is ta n ce  to  w e tta b le  s u lp h u r

C o n sid e rin g  the  LC50 v a lu e s  d u r in g  the  38l1' g en e ra tio n  o f th e  lab o ra to ry  

p o p u la tio n  resistance p a tte rn  o b se rv ed  in  T. urticne p o p u la tio n s  from  B angalore 

a n d  K olar d is tr ic ts  for w e ttab le  s u lp h u r  is g iven  in  T ab le 2 a n d  d ep ic ted  in Fig. 7. 

In  R a jan u k u n te  v illage o f B angalore d is tr ic t res is tance  w h ich  w a s  o b se rv ed  to be

6.73 fo ld s  d u r in g  th ird  w eek  o f  Ju ly  w a s  fo u n d  in c reased  to  17.46 fo lds by th ird  

w eek  o f A u gust. T h u s b u ild  u p  o f res is tan ce  to  w e ttab le  s u lp h u r  w ith in  the  

c ro p p in g  season  w as  ev iden t. T he c o rre sp o n d in g  LC50 v a lu es  d u r in g  Ju ly  an d  

A u g u s t m o n th s  w ere  0.07638% a n d  0.19820% a.i. (Fig. 7B). In  H o sk o te  area , 

resis tance to  w ettab le  s u lp h u r  w a s  fa irly  low  (26.10 fo lds) d u r in g  A u g u st, b u t 

in c reased  to  30.33 fo lds by  O ctober. T he c o rre sp o n d in g  LC50 v a lu e s  d u r in g  A u g u st 

a n d  O ctober w ere  0.2963% a n d  0.34422% a.i. (Fig. 7 A).

T. urticne p o p u la tio n s  from  C h in tam a n i in  K olar d is tr ic t w ere  s tu d ie d  for 

th e ir  res is tance  to  w e ttab le  s u lp h u r  (Fig. 7C). T h e  level of res is tan ce  d u r in g  the  

m o n th  o f S ep tem b er 2007 w h ich  w a s  17.24 fo ld s  in c reased  to  38.07 fo ld s  by  th e  en d
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Table 2. R esistance to w ettable sulphur in Tetranychus urticae populations from
B angalore and K olar districts

Location Date
L C 50 

(%  a.i.)
R esistance Ratio 

(RR)

Hoskote
21-08-2007 0.34420 30.33

Bangalore
09-10-2007 0.29629 26.10

Rajanukunte
21-07-2007 0.07638 6.73

19-08-2007 0.19820 17.46

Chintamani
18-09-2007 0.19564 17.24

23-10-2007 0.43209 38.07

Kolar
26-06-2007 0.03639 3.21

Vadagur
08-09-2007 0.20565 18.12

11-12-2007 0.22967 20.24

02-02-2008 0.07715 6.80

*LCSo o f  wettable su lp h u r  f o r  susceptib le T. urticae population (reference strain) was 0.01135%  a.i.



LO
o 

va
lu

es
 

L
O

o 
va

lu
es

 
LC

50
 

va
lu

es
 

L
O

o 
va

lu
es

0.4

0.35

0 .3

0.25

0 .2

0 .15

O.i

0 .05

0

0.25

0.2

0.15

0.1

0.05

0

0.3

0.25

0.2

0.15

0.1

0.05

0

0 .34420%

0 .29629%

Aug.07 O ct.07

A. H osko te  (B an g a lo re)

0 .19820%

0 .07638%

July.07 Aug.07

B. R a ja n u k u n tc  (B an g a lo re)

C . C h in tam an i (K olar)

0 .20565%
0 .22967%

0 .03639%

M 0 .07715%

__________ H _
June.07 Sept.07 Dcc.07

D. V ad ag u r (K olar)

i'el>.08

Fig. 7. R esistance to w ettable sulphur in Tetranychus urticae populations from
Bangalore and K olar districts



of O ctober w ith in  the  c ro p p in g  seaso n . T he LC50 v a lu e s  w e re  0.19564% a.i. d u r in g  

S ep tem ber a n d  0.43209% a.i. d u r in g  O ctober. R esistance level in  T. urticne 

p o p u la tio n s  from  V ad ag u r, a n o th e r  location  in  K olar d is tr ic t w as  low  (3.21 folds) 

in  June  b u t in c reased  to  18/12 fo lds in S ep te m b er as  the  a g e  of the  c ro p  ad v an c ed  

a n d  s im ila r tre n d  w as  observ ed  b e tw ee n  D ecem ber 2007 a n d  F eb ru a ry  2008. T he 

level of res is tan ce  w as s im ila r in  p o p u la tio n  from  rab i c ro p  (Fig. 7 D). LC50 v a lu es  

of w e ttab le  s u lp h u r  d e te rm in e d  d u r in g  June , S ep te m b er, D ecem ber 2007 an d  

F eb ru ary  2008 w e re  0.03639%, 0.20565%, 0.22967% a n d  0.07715% a.i, respectively .

4.2.2. R esis tan ce  to  d ico fo l

P a tte rn  o f res is tan ce  to  d icofo l in  T. urticne p o p u la tio n s  from  B angalore a n d  

K olar d is tric ts  a re  sh o w n  in  T ab le 3 a n d  d e p ic te d  in  Fig. 8. C o n s id e rin g  th e  LC50 

v alues  of dicofol fo r the  su scep tib le  la b o ra to ry  s tra in  in  the  38th g en era tio n  the 

level of resis tance  in  R a jan u k u n te  v illage  o f B angalo re  d is tr ic t w as  observ ed  to be 

767 folds d u r in g  la s t w eek  o f Ju ly  w h ich  in c reased  to  2923 fo lds a fte r th ree  w eek s

i.e., d u r in g  3rd w eek  o f A ugust. T he c o rre sp o n d in g  LC50 v a lu es  d u rin g  the  p e rio d  

w ere  0.00767 % a.i. a n d  0.02923 % a.i, respectively . S im ilarly  in  H osko te , a n o th e r  

location  in  B angalore d is tr ic t the  level of res is tan ce  w a s  1146 fo lds d u r in g  la st 

w eek  o f A u g u st, i t  in c reased  to 3690 fo ld s  by  O ctober. T he c o rre sp o n d in g  LC50 

v a lu es  w ere  0.01146% a.i. a n d  0.03690% a.i. T h u s  th e  b u ild  u p  of res is tan ce  to 

d icofol w ith in  th e  c ro p p in g  season  w a s  e v id e n t a t  b o th  th e  locations in B angalore 

d is tr ic t a n d  th e  res is tance  level w as  h ig h e s t in  H o sk o te  (3690 fo lds) (Table 3 an d  

Fig. 8 A &B).

In K olar d is tr ic t T. urticne p o p u la tio n s  from  C h in tam an i a n d  V ad ag u r 

v illages w ere  s tu d ie d  for th e ir  to lerance to  d icofo l. T he level o f res is tan ce  d u r in g  

th e  ea rly  p a r t  o f th e  seaso n  a t  these  tw o  loca tio n s  w as  com p arab le  (532 fo lds 

d u r in g  3rd w eek  o f S ep te m b er 2007 a t C h in tam a n i a n d  500 fo lds d u r in g  th ird  w eek  

of June 2007 a t  V adagu r). H o w ev er, res is tan ce  levels increased  in  V a d a g u r (3655 

folds) in  4 m o n th s  p e rio d  co m p ared  to  th a t  o b se rv ed  a t C h in tam an i (3266 fo lds)
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Table 3. R esistance to dicofol in Tetranychus urticae populations from  Bangalore
and K olar districts

Location Date
LCso 

(% a.i.)
R esistance Ratio 

(RR)

Hoskote
26-08-2007 0.01146 1146

Bagalore
05-10-2007 0.03690 3690

Rajanukunte
22-07-2007 0.00767 767

15-08-2007 0.02923 2923

Chintamani
18-09-2007 0.00532 532

20-10-2007 0.03266 3266

Kolar
21-06-2007 0.00500 500

Vadagur
07-09-2007 0.03655 3655

08-12-2007 0.06491 6491

31-01-2008 0.06046 6046

*LCS0 o f  d icofol fo r  susceptible T. urticae population  (reference strain)  was 0.00001%  u.i.
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w ith in  o n e  m o n th . T. urticae p o p u la tio n  in  V a d a g u r w as  h ig h ly  re s is ta n t (6491 

folds) in  D ecem ber 2007 co m p a re d  to  th e  res is tan ce  level of 6046 fo ld s  n o ticed  in  

the  fo llow ing  m o n th  o f Jan u a ry  2008 (Table 3).

T he LC50 v a lu es  of dicofol d e te rm in e d  for V a d a g u r p o p u la tio n s  d u r in g  

June, S ep te m b er a n d  D ecem ber 2007 a n d  J a n u a ry  2008 w ere  0.0050%, 0.03655%, 

0.06491% a n d  0.06046% a.i, respective ly  (Fig. 8D).

4.2.3. R es is ta n ce  to  ab am ec tin

T he p a tte rn  o f resistance to  ab am ec tin  w as  s tu d ie d  in  T. urticae p o p u la tio n s  

from  V a d a g u r  v illage  on ly  (Table 4). T he level o f res is tan ce  w h ich  w a s  o b se rv ed  to 

be 4 fo ld s  d u r in g  D ecem ber 2007 in c reased  to  8 fo lds in  F e b ru a ry  2008 w ith  the  

c o rre sp o n d in g  LC50 va lues o f 0.00004% a n d  0.00008% a.i. (Fig. 9). T hus, the  

tend en cy  o f resis tance  levels in c reasin g  w ith in  a  g ro w in g  seaso n  w a s  no ticed  w ith  

ab am ectin  also.

4.2.4. R es is ta n ce  to  d ia fe n th iu ro n

R esistance to d ia fe n th iu ro n  in  T. urticae p o p u la tio n s  from  B angalo re  an d  

K olar d is tric ts  a re  sh o w n  in  T ab le 5 a n d  d ep ic ted  in  Fig. 10. T h e  level of resis tance  

in T. urticae p o p u la tio n  from  B angalore d is tr ic t w a s  es tim ated  to  b e  14 - 21 folds, 

w h ile  i t  w as  18-26 fo lds in  K olar d istric t. In  the  fo llow ing  m on th (s), the  res is tance  

w as fo u n d  en h an ced  sign ifican tly  in  b o th  the  d is tric ts  (30 to  37 fo ld s  in  B angalore 

an d  34 to  47  fo lds in K olar) (Table 5).

In te restin g ly  a t  V ad ag u r of K o la r d is tr ic t m ore  g ra d u a l in c rease  in 

resistance to  d ia fe n th iu ro n  w as  a p p a re n t  from  Ju n e  to  D ecem ber (2007). This 

in d ica te d  p ro g ress iv e  d ia fe n th iu ro n  res is tance  in  T. urticae p o p u la tio n s  from  kharif 

season  to rab i season  (18 to  79 fo lds). T h o u g h  the  ex ten t o f res is tan ce  dec lin ed  by 

the  e n d  o f rab i crop , the  resis tance level w a s  still fa irly  h ig h  i.e., 67 fo lds (Table 5 

a n d  Fig. 10D). T he LC50 v a lu es  d e te rm in e d  for V a d a g u r p o p u la tio n s  d u r in g  June,
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Table 4. Resistance to abam ectin  in Tetranychus urticae  popula tions from
B angalore and  K olar d istricts

Location Date LCso 
(%  a.i.)

R esistance Ratio 
(RR)

Kolar Vadagur
11-12-2007 0.00004 4

02-02-2008 0.00008 8

*LCS» o f  abam ectin f o r  susceptible T. urticae population (reference strain) was 0.00001%  a.i.
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T able 5. Resistance to d iafen th iu ron  in Tetranychus urticae  populations from
B angalore an d  K o lar d istricts

Location Date LCso 
(%  a.i.)

R esistance R atio  
(RR)

Hoskote
22-08-2007 0.00021 21

Bangalore
10-10-2007 0.00030 30

Rajanukunte
21-07-2007 0.00014 14

20-08-2007 0.00037 37

Chintamani
19-09-2007 0.00026 26

23-10-2007 0.00047 47

Kolar
28-06-2007 0.00018 18

Vadagur
08-09-2007 0.00034 34

11-12-2007 0.00079 79

02-02-2008 0.00067 67

*LC50 o f  diafenthiuron fo r  susceptible T. urticae population (reference strain) was 0.00001% a .i
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S ep tem ber, D ecem b er 2007 a n d  F eb ru ary  2008 w e re  0.00018%, 0.00034%, 0.00079% 

an d  0.00067% a.i, respectively .

4.2.5. R es is ta n ce  to fe n a z a q u in

In  B angalore d is tric t, T. urticae p o p u la tio n s  from  R a jan u k u n te  a n d  H osko te  

sh o w ed  v a rie d  level of resis tance  to  fen az aq u in  (Table 6 a n d  Fig. 11). P o p u la tio n s  

from  H osko te  w e re  fo u n d  m o re  to le ra n t to  fe n a z a q u in  th a n  th a t o f R a jan u k u n te  

(Fig. 11 A&B). T h e  e x te n t of resis tance  w a s  h ig h  in  C h in ta m a n i p o p u la tio n s  (25 

folds) co m p ared  to  p o p u la tio n s  from  V a d a g u r (19 folds) d u r in g  the  k h a rif  season . 

T he c o rre sp o n d in g  LC 50 v a lues  w ere  0.00009% to  0.00032% a.i, 0.00005% to 

0.00016% a.i, 0.00013% to  0.00025% a.i a n d  0.00008% to  0.00019% a.i.

The expression  o f resis tance to  fen az aq u in  in  V a d a g u r  p o p u la tio n s  w as  

m ore  in tense  b ey o n d  S ep te m b er as the res is tan ce  ra tio  in c reased  to 249 fo lds by 

D ecem ber 2007 (Fig. 11D). But by  F eb ru ary  2008 aca ric id e  to le ran ce  d ec lin ed  to 

168 folds. The LC50 v a lu es  o f fen azaq u in  fo r re s is tan c e  p o p u la tio n s  in D ecem ber 

(2007) a n d  F eb ru ary  2008 w ere  0.00249% a n d  0.00168% a.i, respectively .

4.2.6. R esis tan ce  to  p ro p a rg ite

The p ro g ress iv e  res is tan ce  o b se rv ed  w ith  p ro p a rg ite  in  s p id e r  m ite  

p o p u la tio n s  from  B angalore an d  K olar d is tr ic ts  a re  p re se n te d  in  T ab le  7 a n d  

illu s tra ted  in  Fig. 12. A t th e  b eg in n in g  o f k h a rif  seaso n , the  e x te n t o f res is tan ce  to 

p ro p a rg ite  a t  b o th  th e  locations o f K olar d is tr ic t w as s im ila r  (6 a n d  6.67 folds, 

respectively ) (Table 7), w h ile  i t  ra n g e d  from  4-10 fo lds in  B angalore d is tr ic t. A t all 

the  locations the  b u ild  u p  of res is tan ce  in  the  su b se q u e n t p e rio d  w a s  a lm o s t to  the  

sam e level i.e., 10.33 to  11.33 fo lds in  K olar a n d  10.33 to 11.67 fo ld s  in  B angalo re  

w ith  a lm o st s im ilar LC50 v a lu e s  (0.00031% to  0.00035% a.i.) (Fig. 12).

In  V ad ag u r o f K o lar d is tr ic t th o u g h  th e  res is tan ce  ra tio  in c reased  from  10.33 

fo ld s  to 27.67 fo ld s  b e tw ee n  S ep tem ber a n d  D ecem ber in  2007, successive 

p o p u la tio n s  sh o w e d  a  m o re  stab le  resis tance  in  the  fo llow ing  m o n th  o f Jan u a ry
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Table 6. Resistance to fenazaquin in Tetranychus urticae popula tions from
B angalore and  K o lar d istricts

Location Date L C 5o 
(%  a.i.)

R esistance Ratio 
(R R )

Hoskote
26-08-2007 0.00009 9

Bangalore
06-10-2007 0.00032 32

Rajanukunte
20-07-2007 0.00005 5

16-08-2007 0.00016 16

Chintamani
19-09-2007 0.00013 13

21-10-2007 0.00025 25

Kolar
25-06-2007 0.00008 8

Vadagur
09-09-2007 0.00019 19

09-12-2007 0.00249 249

01-02-2008 0.00168 168

*LC50 o f  fenazaquin fo r  susceptible T. urticae population (reference strain) was 0.00001% a.i.
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Table 7. R esistance to  p ro p a rg ite  in Tetranychus urticae populations from
B angalo re  and  K olar districts

Location

Bangalore

H oskote

Date

21-08-2007

09-10-2007

Rajanukunte
20-07-2007

17-08-2007

LC 50 

(%  a.i.)

0.00030

0.00035

0.00012

0.00031

Resistance Ratio 
(RR)

10

11.67

10.33

Kolar

Chintamani
24-07-2007 0.00020

21-09-2007 0.00034

27-06-2007

V adagur
07-09-2007

09-12-2007

01-02-2008

0.00018

0.00031

0.00083

0.00080

6.67

11.33

10.33

27.67

26.67

*LCS0 Of propargite fo r  susceptible T. urticae population (reference strain) was 0.00003% a.i.
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20 0 8  (26.67 fo ld s). H ie  c o rre sp o n d in g  LC50 v a lu es  d u rin g  D ecem ber (2007) and 

January 2008 w e re  0.00083%  a n d  0.00080% a.i.

4.3. B ioefficacy  o f  n e w e r  a c a ric id e s  a g a in s t tw o  sp o tted  sp id e r m ite  T. urticae 
in fe s t in g  to m a to

T om ato  c ro p  in fe s te d  by  sp id e r  m ite s  in  a fa rm er's  field in V adagur village 

of Kolar d is tr ic t  w a s  s p ra y e d  w itii v a rio u s  n ew er acaricidal m olecules along w ith 

dicofol, w e tta b le  s u lp h u r ,  m in e ra l oil a n d  fish  oil rosin  soap. Population of both 

eggs an d  ac tiv e  s ta g e s  w a s  re c o rd e d  one d a y  before application  (pre-treatm ent) 

and 3, 7, 10 a n d  14 d a y s  a fte r the  ap p lica tio n . D ata on the efficacy of these 

com pounds a re  p re s e n te d  in  T ab le  8 to 13 a n d  dep icted  in  Fig (13 to 15).

4.3.1. A b u n d a n c e  o f  eg g s

W ith  r e g a rd  to  th e  ab u n d an c e  o f eggs, acaricidal treatm ents differed 

significantly a m o n g  th e m se lv e s  a t  all th e  in te rva ls  after the first application. 

Fenazaquin  (125 g  a . i /h a )  tre a te d  p lo ts  reco rded  least num ber of eggs 

(17.92/leaflet) a f te r  3 d a y s  a n d  it  w a s  o n  p a r  w ith  the plots treated  w ith 

ch lorfenapyr @ 75 g  a . i / h a  (26 .18 /leaflet), fenpyroxim ate @ 30 g a .i/h a  

(26.61/leaflet). In  u n tr e a te d  co n tro l as h ig h  as  109.28 eggs w ere recorded  per 

leaflet a n d  62.44 e g g s / le a f le t  w e re  reco rd ed  in  dicofol treated plots. Per cent 

reduction in  e g g  p o p u la tio n  in  these  trea tm e n ts  (over the  un trea ted  control) w as 

83,68 an d  67%, re sp ec tiv e ly .

A fter s e v e n  d a y s  fen p y ro x im ate  tre a te d  p lo ts  harbouring  <1 eg g /lea fle t w as 

statistically o n  p a r  w ith  d ia fe n th iu ro n  @ 450 g  a . i /h a  trea tm en t (Table 8). These 

treatm ents w e re  fo llo w e d  by  ch lo rfen ap y r, fenazaquin , m ilbem ectin (@ 3.75 g 

a .i/ha ) a n d  a b a m e c tin  @6 g  a . i . /h a  a n d  reco rd ed  5.5 to 10.50 egg /leaflet. 

A pplication o f th e se  a ca ric id e s  acco u n ted  fo r  86 to  99% reduction  in the n u m b er of 

eggs c o m p a re d  to  u n tr e a te d  contro l.

‘1U
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T en  d a y s  a f te r  s p ra y , th o u g h  m ilbem ectin  trea ted  p lo ts  recorded  fewest 

num ber o f e g g s  (1 9 .1 6 /lea fle t), i t  w a s  o n  p a r  w ith  m o s t o f th e  trea tm en ts  except 

fish oil ro s in  s o a p  a n d  w e tta b le  s u lp h u r  (Table 8). C orrespondingly  per cent 

reduction in  th e  p o p u la t io n  o f  e g g s  o v e r  trea ted  con tro l ran g ed  from  68 to  84%. 

U ntreated c o n tro l r e c o rd e d  th e  h ig h e s t n u m b e r of 101.69 e g g s /le a f le t

A fter fo u r te e n  d a y s  a l l  th e  n e w e r  m olecu les, fenpyrox im ate (@30 g  

m ilbem ectin, fe n a z a q u in , c h lo rfe n a p y r , p ro p a rg ite  (® 570 g a .i/h a ) , abam ectin and  

d ia fen th iu ron  w e r e  s ta tis tic a lly  o n  p a r  a n d  h a rb o u re d  21.06 to  36.49 eggs/leafle t 

com pared to  u n tr e a te d  c o n tro l w ith  84 .8! e g g s /le a f le t  Dicofol, w ettab le  sulphur, 

m ineral o il a n d  f is h  o il  r o s in  s o a p  tre a tm e n ts  reco rd ed  relatively m o re  um ber of 

eggs an d  w e re  o b s e rv e d  to  b e  le ss  effective (Table 8).

W ith  se c o n d  s p r a y  s u p e r io r ity  o f n e w e r m olecu les especially fenpyroximate;- 

m ilbem ectin, ch lo rfen ap y r*  d ia fe n th iu ro n  a n d  fenazaqu in  w as ev id en t in  bringing

After 3 d a y s  th o u g h  fe n a z a q u in  tre a te d  p lo t recorded  least num ber of e g p - 

5 .14/leaflet, i t  w a s  o n  p a r  w ith  d ia fe n th iu ro n , chlorfenapyr, m ilbem ectin and 

propargite. P e r  c e n t  r e d u c t io n  o b se rv ed  in  th e  n u m b er of eggs w as a m axim um  of 

86% w ith  fe n a z a q u in  fo llo w e d  b y  m ilb em ectin  causing  71% reduction. These 

treatm ents re c o rd e d  2.95 to  9.87, 2.53 to  6.74 a n d  0.35 to  2.35 eg g s/leafle t after 7 ,10 

and 14 d ays, re sp e c tiv e ly  a n d  acc o u n ted  for 80 to  90% reduction  in egg population. 

In u n trea ted  c o n tro l p lo ts , 16.19 to  32.98 e g g s /le a f le t w ere  recorded  betw een 7 and 

14 days.

A fter tw o  a p p lic a tio n s  am o n g  th e  n e w e r molecules, m ilbem ectin, 

fenazaquin a n d  p ro p a rg ite  w e re  fo u n d  sign ifican tly  m ore  effective resu lting  in 76 

to 84 p e r c e n t re d u c t io n  in  th e  n u m b e r  o f eggs co m p ared  to  un trea ted  control (Fig. 

13).
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Table 8. B ioeff.cacy o f  new er acaricides against two spotted spider mite, Tetranychus urticae
infesting tomato at Vadagur near Kolar

Treatments
Dosage

or
concentration

Mean number o f eggs per lenflpf

First spray
Before

treatment 3 DAT 7 DAT 10 DAT 14 DAT

Abamectin 1.9 EC 6 g a.i./ha. 60.02
(7-75)

43.55
(6.61)bcd

10.50 
(3.31 )bc

26.17 
(5.1 l)ab

35.69
(5.98)abc

Milbemectin 1 EC 3.75 g a.i./ha. 87.25
(9.32)

34.79
(5.92)abcd

8.95 
(2.98)bc

19.16
(4.42)a

22.67 
(4.77f

Chlorfenapyr 10 EC 75 g a.i./ha. 53.52
(7.34)

26.18 
(5.12)ab

7.14 
(2.69)bc

22.57 
(4.7 l)a

26.69
(5.09)ab

Diafenthiuron 50 WP 450 g a.i./ha. 67.10 
(8. IS)

43.46
(6.56)bcd

6.34
(2.37)ab

21.41
(4.64)a

36.49
(6.05)abc

Fenazaquin 10 EC 125 g  a.i./ha. 69.45
(8.31)

17.92 
(4.16)a

11.73 
(2.97)bc

28.73
(5.24)ab

22.69 
(4.7 l)a

Fenpyroximate 5 SC 30 g a.i./ha.
52.99
(7.17)

26.61
(5.02)ab

0.88 
(1.17)a

20.63
(4.48)a

21.06
(4.60)a

Propargite 57 EC 570 g a.i./ha.
80.57
(8.96)

39.62 
(6.31 )bcd

19.56
(4.36)bcd

24.21
(4.95)a

33.74
(5.81)abc

Mineral oil 1%
87.22
(9.32)

61.80 
( 7.87)cd

19.88
(4.38)bcd

34.45
(5.87)ab

52.45
(7.25)cd

Fish oil Rosin soap 0.5%
62.40
(7.88)

34.55 
(5.91 )abc

44.83
(6.60)c

41.84
(6.49)b

61.29
(7.83)dr

Wettable sulphur 80 WP 2.5 g/lit.
49.74
(7.03)

53.45
(7.34)cd

30.41
(5.50)de

42.56
(6.53)b

50.06
(7.09)cd

Dicofol 18.5 EC 2.5 ml/lit.
75.43
(8.70)

62.44
(7.93)d

22.41
(4.66)cdc

34.18
(5.86)ab

42.20
(6.50)bcd

Control W ater spray
72.53
(8.49)

109.28
(10.42)c

88.20 
(9.41 )r

101.69
(10.09)c

84.81 
(9.2 l)r

--------  ‘F ’ test
___ _________

NS * * * *

-----  SEM  ± (0.46) (0.68) (0.51)
n

(0.68)
n o n

(0.49)
(1.46)

— j*  rtjn r  treatm ent; significant;  /Vo- nonsignificant; r i g u m
raiments with same alphabetical superscript within each column are statistically

parentheses are 
on par

'Ix+O.S transformed values;
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Table 9. B ioefficacy o f  n ew er  acaricides against two spotted spider mite, Tetranychus urticae
infesting tomato at Vadagur near Kolar

Treatments
Dosage

or
concentration

Mean number ol eggs per leaflet

3 DAT
Seconc 

7 DAT
spray 
1 0 HAT i a nAT

Abamectin 1.9 EC 6 g a.i./ha. 24.87
(5.03)bcd

/ J—'/V 1
7.05

(2.71)ab

1U Ur\ I
6.33

(2.58)bc

14 UA1
1.76

(1.50)abc

Milbemectin 1 EC 3.75 g a.i./ha. 14.74
(3.71)ab

2.95
(1.81)a

6.74
(2.68)c

----------------
0.35

(1.00)a

Chlorfenapyr 10 EC 75 g a.i./ha. 13.78
(3.69)ab

3.76
(2.02)ab

2.99
(1.80)ab

2.35
(1.68)bcdc

Diafenthiuron 50 WP 450 g a.i./ha. 11.51
(3.45)ab

15.37
(3.75)bcd

6.18
(2.53)abc

4.04
(2.05)cdo

Fenazaquin 10 EC 125 g a.i./ha.
5.41

(2.38)a
3.05

(1.83)a
8.35

(2.92)cd
0.74 

(1.10)ab

Fenpyroximate 5 SC 30 g a.i./ha.
21.50

(4.54)bc
9.87

(3.03)abc
2.53

(1.72)a
0.69

(1.09)ab

Propargite 57 EC 570 g  a.i./ha.
15.78

(4.03)abc
5.15

(2.34)ab
6.36 

(2.61 )hc
2.05

(1.58)abcd

Mineral oil 1%
21.32

(4.59)bc
21.50

(4.64)cd
10.30

(3.26)cd
4.47 

(2.21 )duf

Fish oil Rosin soap 0.5%
47.55
(6.88)°

25.84
(4.95)d

18.09
(4.29)c

4.18 
(2.15)B

Wettable sulphur 80 WP 2.5 g/lit.
31.94

(5.62)cdc
22.82

(4.57)cd
16.77 

(4-12)c
4.86 

(2.27 )cf

Dicofol 18.5 EC 2.5 ml/lit.
30.72

(5.48)cde
12.48

(3.53)abcd
12.85

(3.64)dc
7.05 

(2.7 l)r

Control W ater spray
41.59

(6.47)dc
3ic

26.82
(5.19)d

*

32.98
(5.78)r

*

16.19
(4.05)g

*
t  test

-  SEM  ± (0.57) (0.61) (0.28) (0.22)

___  CD at P=0.05 (1.67) (1.78) (0.82) (0.65)
DAT-Days After Treatment; *: sign ifican t; Figures in parentheses are 'Jx+O.S transformed values ;
treatments will, same alphabetical superscript within each column are statistically on par
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4.3.2. B ioe fficacy  a g a in s t  ac tiv e  s tag es

W ith in  th r e e  d a y s  o f firs t app lication , chlorfenapyr, fenazaquin, 

diafenthiuron, fe n p y ro x im a te  a n d  p ro p a rg ite  resu lted  in significant reduction (73 

to 98%) in  th e  n u m b e r  o f ac tive  s tag es  (0.09 to 1 .13 /leaflet), w hen  untreated 

control h a d  6.68 a c tiv e  s ta g e s /le a f le t.  A fter 7 a n d  10 days new er molecules 

including d ico fo l c a u s e d  s ig n if ican t su p p ress io n  of active stages (80 to 90 %) and 

however, a f te r  14 d a y s  effec tiv en ess  of m ilbem ectin , chlorfenapyr an d  fenazaquin 

was m ore  e v id e n t  (T ab le  10). B etw een  7 an d  14 days, the num ber of active stages 

in plots tre a te d  w ith  n e w e r  m o lecu les  ran g ed  from  0.07 to 2 .56/lealet com pared 

4.90 to 6 .8 1 /le a fle t o b s e rv e d  in  co n tro l (w a te r spray).

The n u m b e r  o f  a c tiv e  s ta g e s  w as  fa irly  low  a t the  tim e of second application 

and m ost o f th e  n e w e r  m o lecu le s  tre a te d  p lo ts  recorded  few er num ber of m ites (0 

to 0 .82 /leafle t) u p  to  14 d a y s  c o m p a re d  to  control w ith  1.21 to  1.64/leaflet (Table 

11).

A fter tw o  a p p lic a tio n s  effectiveness o f ch lorfenapyr and  fenazaquin  was 

more e v id e n t r e s u l t in g  in  90 to  91% red u c tio n  in  the popula tion  of active stages 

followed by  p ro p a rg ite  ca u s in g  78% reduction . Population reduction in plots 

treated w ith  o th e r  n e w e r  aca ric id a l m o lecu le s  ran g ed  from  53to 64% (Fig. 14).

4.3.3. B io e fficacy  a g a in s t  to ta l m ite  p o p u la t io n  (eggs + active stages)

W ith  r e g a rd  to  th e  e ffec t o f d iffe re n t acaricides on the total population  of 

the m ite in c lu d in g  e g g s  as  w ell as  ac tive  stages, fenazaquin  treated plots recorded 

least n u m b e r o f m ite s , 1 8 .1 0 /lea fle t (w ith  84% reduction) 3 days after first 

application a n d  i t  w a s  s ta tis tic a lly  o n  p a r  w ith  ch lorofenapyr and  fenpyroxim ate 

treated p lo ts. A fte r  7 a n d  14 d a y s  fen p y ro x im ate  trea tm en t recorded  less num ber 

of m ites (1.56 &  2 2 .9 6 / leafle t, respectively ), w h ile  m ilbem ectin  trea tm en t recorded 

less n u m b e r o f m ite s  (2 0 .2 0 /lea f let) a fte r  10 days and  the corresponding 

reductions in  m ite  p o p u la t io n  w e re  68%, 98% a n d  78 to 85%. H ow ever, betw een 7 

and  14 d a y s  a f te r  f ir s t  ap p lica tio n  a ll th e  syn thetic  new er m olecules
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Table 10. B ioefficacy o f  new er acaricides against two spotted spider mite, Tetranvchm urticae
infesting tomato a t V adagur near Kolar

Treatments

Abamectin 1.9 EC

Milbemectin 1 EC

Chlorfenapyr 10 EC

Diafenthiuron 50 WP

Fenazaquin 10 EC

Fenpyroximate 5 SC

Propargite 57 EC

Mineral oil

Fish oil Rosin soap

Wettable sulphur 80 WP

Dicofol 18.5 EC

Control

Dosage
or

concentration

6 g  a.i.,/ha.

3.75 g a.i./ha.

75 g  a.i./ha.

450 g a.i./ha.

125 g  a.i./ha.

30  g a.i./ha.

570 g a.i./ha.

1%

Mean number o f active- stages per leaflet 

First spray
Before

treatment
2.68

(1-78)
2.63

(1-76)
2.17

d-62 )
2.51

d-72)
2.66

d-76)
1.94

(1-55)
3.35

d-95)

0.5%

2.5 g/lit.

2.5 ml/lit.

W ater spray

‘F ’ test

SEM  ±
CD at P=0.05

2.68
d-78)
2.56

d -7 1 )
2.16

0 -61)
3.68

(2 .02)
3.23

(1-91)
NS

H i

3 DAT

2.45

I L Z i i
bed

7 DAT

2.62
d-73)',bcd

0.09
(0.76)3

0.40
(0.94)3

0.18
(0.82)3

1.07
(1.22?ab

1.13
(1.27) abc

3.87
(2.03)d

1.77
(1.49)bc

2.74
(1.77)cd

1.74
(1.49) be

6.68 
(2-66 )c

(0-18)
(0-52)

1.75
n M .bed

1.39 
(136)*

0.18
(Q-82)a
0.39 

(0.93)* 
0.47 

(0.95);.ab

0.07
(1.07)'be

2.02
(1.57)cd

1.72
d-48) bed

4.06
(2.05)d

1.99
(1-55)'cd

1.55
(1-36)

be

6.81
(2-66)e

(0-19)
(0-58)

10 DAT

1.13 
(1.26 V1

1.04
(1.23)3

1.08
(1.24)a

1.31
(1.34)ab

1.25
(1-28)

0.96
(1.20)a

0.93
(1.19)"

1.95
(1.55):abc

2.26
d-66) bd

3.06
(1.87)c
2.04

(1-57)abc

7.53 
(2.8l)d

(0-13)
(0.38)

14 DAT

2.56
(l-74)c

1.04
iL 2 3 |

0.29
(0.89)*
2.15

0-62)c
1.10

(1.24)3"
1.1

be

1.65
(1.46)bc

2.49
(1.72)c
2.67 

(1.77 )c
1.50

d-41)
be

1.78
(1.49)hc

4.90
(2.32)d

(0 -12)
(0.37)

D ATjfys AJIer Treatment; *: significant; NS- Nonsignificant; Figures in parentheses are Vx+ftJ transformed values, 
eaIntents with snnto _______ __________ etntictimllv mi nar' mciits with same alphabetical superscript within each column are statistically on par
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Table 11. B ioefficacy o f  new er acaricides against two spotted spider mite, Tetranychus urticae
infesting tom ato at V adagur near Kolar

Dosage Mean number o f active stages per leaflet
Treatments or Second spray

concentration 3 DAT 7 DAT 10 DAT 14 DAT

Abamectin 1.9 EC 6 g a.i./ha. 0.38
(0.93)abc

1.09
(1.24)bc

0.33
(0.90)ab

0.82 
(1.14)cdc

Milbemectin 1 EC 3.75 g a.i./ha. 0.26
(0.86)3b

0.67
(1..08)ab

0.38
(0.94)ab

0.63 
(1,05)bcd

Chlorfenapyr 10 EC 75 g a.i./ha.
0.00

(0.70)a
0.03

(0.72)a
0.34 

(0.91 )ab
0.01 

(0.7 l)a

Diafenthiuron 50 WP 450 g a.i./ha. 0.08
(0.76)a

0.76 
(1.1 l)ab

0.28
(0.88)ab

2.71
(1.77)r

Fenazaquin 10 EC 125 g a.i./ha.
0.00

(0.70)a
0.00

(0.70)a
0.29

(0.89)ab
0.02

(0.72)ab

Fenpyroximate 5 SC 30 g a.i./ha.
0.33

(0.90)ab
0.69

(1.07)ab
0.14

(0.79)a
0.39

(0.94)abc

Propargite 57 EC 570 g a.i./ha.
0.11

(0.77)a
0.58

(1.03)ab
0.31

(0.90)ab
0.27

(0.87)ab

Mineral oil 1%
0.26

(0.87)ab
2.15

(1.58)cd
0.47

(0.98)abt
1.52

(1 .40 /

Fish oil Rosin soap 0.5%
0.96

(1.20)d
3.05

(1.82)d
0.90

(1-18)°
1.02

(1.22)cdc

Wettable sulphur 80 WP 2.5 g/lit.
0.89 

(1.17)cd
1.42

(1.37)bc
0.55

(1.02)bc
1.22

(1.28)dc

Dicofol 18.5 EC 2.5 ml/lit.
0.70

(1.09)bcd
1.06

(1.22)bc
0.62 

(1.05)bc
0.88 

(1.16)cdc

Control Water spray
1.21

(1.26)d
1.27

(1.32)bc
1.56

(1.40)d
1.64

(1.45)cr

‘F ’ test * * * ♦

SEM ± (0.09) (0.15) (0.07) (0.11)

CD at P=0.05 (0.26)
'/in/- FinnrPK in nar

(0.44)

en theses are 'Ix+O.S

(0.20) 

transformed val

(0.33)

ues;
is s u -u a y s  A jte r  trea tm ent; sigm jicani; iv z -  non*igny".un i, r
Treatments with same alphabetical superscript within each column are statistically on par
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Fig. 14. E ffect o f  newer m olecules on active stages o f two spotted spider mite, 
Tetranychus urticae on tomato ((Var. Abhinava)
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com parable in  th e ir  efficacy  a n d  re su lted  in  70 to 80% reduction  in  total m ite 

popula tion  c o m p a re d  to  w a te r  sp ra y e d  control (Table 12). D uring  this period the 

num ber o f m ite s  in  co n tro l a n d  p lo ts  trea ted  w ith  new er m olecules ranged  from 

89.73 to  9 5 .0 2 /le a f le t a n d  1.56 to  38.65 m ite /lea fle t, respectively. The effect of 

m ineral o il 1% w a s  o n ly  m o d e ra te  w itii 21. 61 to 54.95 nu m b er of m ites (Table 12).

W ith  seco n d  ap p lic a tio n  also  n e w e r m olecules show ed their superiority  

over c o n v e n tio n a l aca ric ides, dicofol, w e ttab le  su lp h u r and  un trea ted  control in 

su p p ress in g  th e  m ite  p o p u la tio n  u p  to  14 days. A t different intervals after the 

app lication , th o u g h  a ll th e  n e w e r m olecu les w ere either com parable or on par in 

their effect, fe n a z a q u in , fenpy rox im ate , m ilbem ectin  an d  chlorfenapyr treated 

plots h a rb o u re d  re la tiv e ly  few er n u m b e r of m ites (0.76 to 8.65,1.09 to 21.84,1.18 to 

15.00 a n d  2.36 to  13.78, respectively ). The n u m b e r of m ites is un trea ted  control 

ranged  fro m  17.84 to  4 2 .8 0 /leaflet d u r in g  th is period.

T h e  o v e ra ll effect of tw o  app lica tions of new er synthetic molecules, 

m ilbem ectin , fe n a z a q u in , p ro p arg ite , ch lo rfen ap y r and  fenpyroxim ate in bringing 

d o w n  d ie  to ta l p o p u la tio n  o f m ite s  (including  eggs an d  active stages) w as 

sign ifican t c o m p a re d  to  conven tional chem icals like dicofol, w ettable su lphur (Fig. 

15). T h ese  n e w e r  m olecu les caused  70 to 83% reduction in the total m ite 

p o p u la tio n  c o m p a re d  to  56 to 61% red u c tio n  observed  w ith  dicofol and  m ineral oil 

trea tm en ts .
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Table 12. B ioefficacy o f newer acaricides against two spotted spider mite, Tetranychus urticae
infesting tomato at V adagur near Kolar

Treatments

Abamectin 1.9 EC

Milbemectin 1 EC

Chlorfenapyr 10 EC

Diafenthiuron 50 WP

Fenazaquin 10 EC

Fenpyroximate 5 SC

Propargite 57 EC

Mineral oil

Fish oil Rosin soap

Dosage
or

concentration

6 g a.i./ha.

3.75 g a.i./ha.

75 g a.i./ha.

450 g a.i./ha.

125 g a.i./ha.

Wettable sulphur 80 WP

Dicofol 18.5 EC

Control

30 g a.i./ha.

570 g a.i./ha.

1%

0.5%

2.5 g/lit.

2.5 ml/lit.

W ater spray

‘F’ test
SEM ±

Treatments with same alphabetical superscript within each column are statistica > p

Mean number o f mites (eggs + active stages) per leaflet

First spray

Before
treatment

62.70
(7-92)
89.86
(9-33)
55.72
(7-48)
69.75
(8-34)
72.12
(8-47)
54.94
(7.30)
83.93
(9-14)
89.92

64.97
(8.04)
51.90
(7-19)_
79.12
(8.89)
75.76
(8.70)

NS
(0.46)

3 DAT

46.01 
(6.80)cdc

37.43 
(6.13)bcd

26.28
(5-13),ab

43.86
(6.59)cd

18.10
(4.28)a
27.70

(5.12)ab
40.76

(6.40)bcd
64.88

(8.06)c
36.32

(6.06)bc
56.01

(7.52)dc

7 DAT

12.26 
(3.56)hcd

64.18
(8.04)c
115.9

(10.73)r

(0.49)
d-44)

10.35 
(3.21)abcd

7.33
(2.73)abc

6.74
(2.45)ab

12.18 
(3.03)abcd

1.56
d-43)a
21.58 

(4.58)cdc
21.61

(4.57)cdc
48.89
(6.88)f
32.39

(5-67)c
,c-r

23.96 
(4.81 )dc
95.02
(9.76)s

(0.70)
(2-06)

10 DAT

27.31
(5.22)abcd

20.20
(4.54)a
20.36
(4-53/
22.74 

(4.78)abc
29.98 

(5.35)ahcdc
21.59

(4-59),ab

25.14
(5.04)abc

36.71
(6.06)cdc

44.11
(6.67)dc
45.63

J 6 /7 5 /

109.22
(10.46)f

(0.49)

14 DAT

38.26
(6.20)abc

23.75
(4.87)a
27.27 
(5.15)a 
38.65 

(6.23)ahc
23.80
(4.83)“
22.96 
(4.8 l)a

36.23 
(6.03)bcdl!

35.39
(5-95),ab

54.95
(7.42)cd
63.97

(7.99)d
51.57

(7.19)bcd
43.99

( 6 .6 4 ) ^
89.73

(948)1

(0.49)
T1.45) (1 -45) —J
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Table 13. B ioefficacy  o f new er acaricides against two spotted spider mite, Tetranychus urticae
infesting tom ato at Vadagur near Kolar

Treatments
Dosage

or
concentration

Mean number o f mites (eggs + active stages) per 
leaflet

Second spray
3 DAT 7 DAT 10 DAT 14 DAT

Abamectin 1.9 EC 6 g a.i./ha.
25.26

(5.07)bcdc
8.15

(2.90)abc
6.66

(2.64)bc
2.58

(1.74)ab

Milbemectin 1 EC 3.75 g a.i./ha.
15.00

(3.74)ab
3.63

(2.00)ab
7.13

(2.70)bc
1.18

(1.29)“

Chlorfenapyr 10 EC 75 g a.i./ha.
13.78

(3.69)ab
3.79

(2.03)ab
3.34

(1.90)ab
2.36

(1.69)“

Diafenthiuron 50 WP 450 g a.i./ha.
11.59

(3.46)ab
16.14

(3.85)cdc
6.47

(2.59)abc
6.75

(2.63)c

Fenazaquin 10 EC 125 g a.i./ha.
5.41

(2.38)a
3.05

(1.83)*
8.65

(2.96)cd
0.76

( i . n r

Fenpyroximate 5 SC 30 g a.i./ha.
21.84

(4.57)bcd
10.57 

(3.13)abcd
2.67

(1 .76 /
1.09

(1.26)“

Propargite 57 EC 570 g a.i./ha.
15.89

(4.04)abe
5.74

(2.47)abc
6.68

(2.67)bc
2.33

(1.67)a

Mineral oil 1%
21.57

(4.62)bcd
23.66

(4.86)dc
10.78

(3.33)cd
5.99

(2.54)c

Fish oil Rosin soap 0. 5%
48.52
(6.95)r

28.89
(5.28)°

19.01
(4.40)c

5.22
(2.37)bc

Wettable sulphur 80 WP 2.5 g/lit.
32.84

(5.70)def
24.25

(4.73)dc
17.33

(4.19)°
6.08

(2-54)c

Dicofol 18.5 EC 2.5 ml/lit.
30.76

(5.50)cdef
13.55

(3.66)bcdc
13.45

(3.72)du
7.94 

(2.86)c 
1 *7 9/1

Control Water spray
42.80

(6.36)cf
28.09
(5.32)c

34.55 
(5.91 )r (4.24)d

‘F ’ test
* * * *

tr\ o 1 \

SEM ±
(0.57) (0.62) (0.28)

(r\

CD at P=0.05
(1.67)

___< tmnsftir

(1.81) 

m'll values;

(0.83)

DAT-Days After Treatment; *; significant; Figures in parentheses are « . «' '
Treatments with same alphabetical superscript within each column ares



Pe
r 

ce
nt

 
re

du
ct

io
n 

ov
er

 
co

nt
ro

I & II spray



(DISCUSSION



V. DISCUSSION

In v es tig a tio n s  w ere  carried  ou t, i) To establish base-line v a lues  f o r  the 

su scep tib ility  o f lab o ra to ry  p o p u la tio n  of T. urticae to conventional acaricides like 

dicofol, w e tta b le  su lp h u r  an d  new er acaricides like abam ectin , d ia fe n th iu ro n , 

fen az aq u in  a n d  p ro p arg ite , ii) To assess the  frequency and  in tensity  of res is tan ce  

to th e se  acaric ides in  T. urticne popu la tio n s  on  tom ato  from  B angalore a n d  K o lar 

d istric ts , a n d  iii)  T o  ascertain  d ie  field  efficacy o f new er acaricidal m o lecu les  

a g a in s t T. urticne on  tom ato.

T he re su lts  of these investigations are  d iscussed  in this chapter.

W h en  la b o ra to ry  popu la tion  o f T. urticne w as exposed to d iffe re n t 

acaric ides in  successive genera tions (from  5th to 38"’ generation), the 

su scep tib ility  level increased  w ith  all the  acaricides tested. The decline in LC50 

v a lu es  o v e r d iffe re n t genera tions ind ica ted  progressive susceptibility  o f  the 

la b o ra to ry  p o p u la tio n  to acaricides.

F o r w e tta b le  su lp h u r  the  LC50 v a lu e  of 211 ppm  in the 15l1' g en era tio n  

d ec re a se d  to  114 p p m  by  tine 38th generation . W ith  dicofol LC50 got reduced from  

183 p p m  to  0.1 p p m  betw een  5th a n d  38th.

T h e  su scep tib ility  of labora to ry  rea red  T. urticne to abam ectin  increased  

w ith  th e  c o rre sp o n d in g  decrease in th e  LC50 values from  0.5 ppm  to 0.1 p p irl as 

the  g en e ra tio n  cycle p ro g ressed  from  25th to  38th generation.

S im ilarly , LC50 v alues  of d ia fen th iu ro n , fenazaquin  and  p roparg ite  w h ich  

w ere  2.7  p p m , 5.1 p p m  an d  3 p p m , respectively  in 15th generation for labora to ry  

rea red  T. urticne p o p u la tio n , an d  co rrespond ing ly  reduced  to 0.1 ppm , 0.1 p p m 

an d  0.3 p p m  in  th e  38th generation .

T he  su s c e p tib le  lab o ra to ry  c u ltu re  o f  T. urticne w as su c ce ss fu lly

e s ta b lis h e d  i n  the  la b o ra to ry  in  o n e  y e a r  p e r io d  fro m  F eb ru ary  2007 to  F e b ru a ry
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2008 a n d  th is m ite  cu ltu re  w as u sed  a susceptib le reference cu ltu re . T h e  LC50 

v a lu es  d e te rm in e d  for the 38* genera tion  of T. urticae laboratory  p o p u la tio n  w as 

c o n s id e re d  a n d  used  as the  base-line values for quan tify ing  acaricide re s is tan c e  

in  th e  fie ld  p o p u la tio n s  o f T. urticae on tom ato  from  d ifferen t lo ca tio n s  in 

B angalo re  a n d  K olar districts.

C o n cen tra tio n  - m orta lity  responses in laboratory  popu la tions of T. urticae 

to  d iffe re n t acaric ides w ere  construc ted  d u rin g  5"', 15"', 25th an d  38th g en e ra tio n  

a n d  illu s tra te d  (Fig. 1 to  6).

W itii acaric ides dicofol, fenazaqu in  an d  p roparg ite , p rogressive in c rease  

in  s lo p e  v a lu e s  in  dose-m orta lity  reg ression  lines betw een 15th and  25th 

g e n e ra tio n  w a s  e v id e n t (Fig. 2, 5 & 6).

5.1. A s s e s s m e n t  o f  acaricide resistance in  T. urticae  p o p u la tio n s from  to m a to

T he asse ssm en t of level of acaricide resistance in a m ite pest p o p u la tio n  is 

re g a rd e d  as  a p re req u is ite  for successful resistance m anagem ent.

Y o u n g  et al. (2004) g ro u p ed  the  in tensity  of resistance to d iffe re n t 

aca ric id es  o b se rv ed  in  T. urticae as : i) <10 Resistance Ratio - Low level, ii) 11-40 

RR - M o d e ra te  level a n d  iii) >40 RR - F iigh level of resistance. In the p re sen t 

s tu d y  th e  lev e ls  o f resistance are  categorized  as ; RR : < 10 -  Low, RR : 10 to 50 -  

M o d e ra te  level, RR : >50 -  H ig h  level of resistance.

5.1.1. R e s ista n c e  to  w e tta b le  su lp h u r

In  B angalo re  d istric t, T. urticae popu la tio n s  from  tom ato  show ed  low  level 

o f re s is tan c e  to  w e ttab le  su lp h u r  (7 to 26 folds) com pared  to the p o p u la tio n s  

from  K o lar d is tr ic t (w ith  3 to 38 folds). T he in tensity  of resistance to w ettab le  

s u lp h u r  in c re a sed  w ith in  the  c ropp ing  season  a t  d ifferen t locations in B angalore 

d is tr ic t. T h o u g h  th e  u sag e  of w ettab le  su lp h u r  ag a in st sp id e r m ites on to m ato  

c ro p  in  th is  re g io n  is  rare, still the  selection p ressu re  exerted d u e  to  the 

ap p lic a tio n  o f o th e r  acaricidal m olecules m ig h t have induced these m ites to sh o w



low  to  m o d e ra te  level o f resis tance  to w ettab le  s u lp h u r  o r th e  resis tance m igh t 

h a v e  re m a in e d  stab le  a t  low  to m o d e ra te  levels. B u t in  K olar d is tric t the  lev e l of 

re s is ta n c e  n o ticed  d u r in g  the  ea rly  p a r t  of the g row ing  season  g o t in c reased  

s lig h tly  a n d  d ec lin ed  fu r th e r  (Table 2).

S r id h a r  a n d  Jhansi Rani (2007) reco rd ed  2 t o  12 folds resistance to w e ttab le  

s u lp h u r  in  T. urticne p o p u la tio n s  from  po lyhouse  ro ses in Delhi, P une, B angalore 

a n d  H o su r  (T am il N adu).

5.1.2. R e s is ta n c e  to  d ico fo l

T. urticne p o p u la tio n  sam p led  from  V a d a g u r  v illage of K olar d is tr ic t 

d u r in g  D ecem ber 2007 expressed  the  h ighest le v e l of resistance to d icofo l i.e., 

6491 fo lds. In  a ll the  locations the level of d icofo l resistance fo llo w ed  a 

in c re a s in g  tre n d  as  the  c ro p p in g  season  a d v a n c e d . This clearly ind icated  tha t 

e n h a n c e m e n t in  the  resistance to dicofol w as th e  re su lt o f selection p re s su re  

■mgx?S5S£ due to  a anSmfeS aggifcalfesgSsj; aiSossaaBOTu



(1984 a& b) (573 fo lds o n  co tton), C heng  an d  Pan, 1994 (1791 folds on  a p p le ) ,  

S haila  (1999) (4 fo ld s  o n  o p en  cu ltiv a ted  rose) an d  S rid h ar an d  Jhansi Rani (2 0 0 7 ) 

(2-3 fo ld s  o n  p o ly h o u se  rose). This varia tion  in the resistance levels is a t t r ib u te d  

to th e  d iffe ren ces  in  the b ioassay  techn iques ad ap ted , susceptib ility  of th e  

re fe ren ce  p o p u la tio n  (laboratory) a n d  the  h o st crop of the field sam pled 

p o p u la tio n , th e  ty p e  of crop  cu ltivation  etc.

M artin so n  e t al. (1991) reco rded  2-3 fo lds h igher LC5o values o f dicofol f o r  

T. uticae w h e n  exposed  to d iscon tinuous dicofol residues com pared  to  

c o n tin u o u s  re s id u e s  o n  leaves in  labo ra to ry  bioassays. T hus they op ined  t h a t  

d icofo l res is tan ce  w a s  com plete ly  d o m in an t u n d er field conditions in c o n t r a s t  

w ith  its  recessive  in h eritan ce  in the  labora to ry  assays.

T h e  exp ress ion  of v a rie d  levels of resistance in T. urticae noticed in t h e  

p re se n t s tu d y  m ig h t be d u e  to the fact the dicofol is still being used  against t h i s  

p h y to p h a g o u s  m ite  p e s t o n  one o r the  crop. This is because the resistance t o  

d icofo l in  T. urticae h as  b een  considered  as unstab le  in  the absence of se lec tio n  

p re s su re  (F erg u sso n  -  K olm es et al., 1991). But O verm eer et nl. (1975) opined t h a t  

in sp ite  o f d isc o n tin u e d  u se  of dicofol for several years (>7 years), resistance to  

d icofo l w a s  s till p re se n t in  p o p u la tio n s  from  rose grow n in glass houses. I h e y  

s ta ted , th o u g h  th e  p rocess o f resistance break do w n  w hich occur due to  

im m ig ra tio n  o f su scep tib le  m ites from  o ther areas and  by p o ss ib le  

in c o m p e titiv e n ess  of resis tance ind iv iduals, is a very' slow  process. A lso  

rev e rs io n  to  su scep tib ility  in  p ractice is apparen tly  very  low , so  the possibility o f  

u s in g  d ico fo l in  ro ta tio n a l sp ra y  system  m ay  be ru led  out.

5.1.3. R e s is ta n c e  to  a b am ec tin

R esis tance  to  abam ectin  w as s tu d ie d  in  T. urticae popu lations on to m a to  

c ro p  fro m  V a d a g u r  v illag e  of Kolar d istric t. W hen com pared w ith  the LCso o f  

a b am ec tin  fo r su scep tib le  labo ra to ry  popu la tion  (0.00001% a.i.), the  ex ten t o f  

res is tan ce  in  th e  fie ld  p o p u la tio n  w as fairly  low  U ,  4  -  8 folds d u rin g  D ecem ber



(2007) - F eb ru a ry  (2008). T he rep o rte d  instances of resistance in T. urticae to 

a b am ec tin  a re  sparse . H o w ev er, the  possib ility  of cross resistance to  A v e rm e c tin  

(M K 936 EC 18) in  dicofol re s is tan t T. urticae p o p u la tio n  from  ap p le  w as r u l e d  

o u t by  L in d a  et al. (1991). S ato  et nl. (2004) rep o rted  insign ifican t cross re s is ta n c e  

to  A v erm ec tin s  (abam ectin  a n d  m ilbem ectin) in fenpyroxim ate res is tan t T. urticae  

p o p u la tio n s  sam p led  from  com m ercial s traw berry  fields in Brazil. T he u s a g e  o f 

su ch  a ca ric id e s  for w h ich  no  cross resistance has been observed  w as su g g e s te d  as  

o n e  o f th e  s tra teg ies  to p ro lo n g  the  efficacy of an  acaricide in  the field. Y o u n g  et 

al. (2004) re p o rte d  th a t the  T. urticae p opu la tion  extrem ely resistan t to 

fen p y ro x im a te  w ith  a R esistance Ratio of 252 folds selected  in  the laboratory fo r  

20 g e n e ra tio n s  exh ib ited  low  level of resistance to m ilbem ectin (Resistance R a t io  

<10) a n d  m o d e ra te  level of resistance to abam ectin  (Resistance Ratio 11-40).

5.1.4. R e s is ta n c e  to  d ia fe n th iu ro n

A s w ith  abam ectin , n o  repo rts  are available on  the evidences o f  

d ia fe n th iu ro n  resis tance  in  T. urticae. M oderate level of resistance to  

d ia fe n th iu ro n  w a s  observ ed  bo th  in  Bangalore (14-37 folds) and  Kolar d is tr ic ts  

(18-47  fo ld s) especia lly  d u r in g  th e  k h a rif season  (June to O ctober 2007). B ut in  

V a d a g u r  o f K olar d is tric t, w h en  the  m ite  sam p ling  on tom ato  w as continued  a n d  

assessed  fo r  d ia fe n th iu ro n  resistance , i t  w as found to increase to 79 folds and 6 7  

fo ld s  d u r in g  D ecem ber 2007 a n d  F ebruary  2008, respectively. This c le a r ly  

in d ic a te d  th e  p ro g ress iv e  accum ula tion  of d iafen th iuron  resistan t m ites o n  

to m ato  c ro p  in  V a d a g u r a re a  o f K olar district.

5.1.5. R e s is ta n c e  to  fe n a z a q u in

T. urticae p o p u la tio n  from  tom ato  exhibited  low  to h igh level of res is tan ce  

(5 to  168 fo lds) to  fenazaqu in . W hen the m ite popu la tions from  tom ato c ro p  

c u ltiv a te d  b e tw e e n  June  an d  D ecem ber m onths w ere sam pled a t d i f f e r e n t  

in te rv a ls , th e  ex ten t of resistance w hich  w as a t  the low er level (8-13 folds) g o t  

sh ifted  to  th e  m o d e ra te  level (16-32 folds). As observed  w ith  d iafenth iuron , m ite



p o p u la tio n  from  V a d a g u r expressed  h igh  level of resistance w h en  sam pled  in  the 

fo llow ing  m o n th s  of D ecem ber (2007) an d  February  (2008). This e v id en tly  

sh o w e d  in c rease  in  th e  p ro p o rtio n  of fenazaqu in  res is tan t in d iv id u a ls  on 

su ccee d in g  to m ato  c rops, w h ich  w ere  able to to lerate the  h ighe r doses. A s  a 

re su lt th e  LCso v a lu es  w ere  h ig h , 0.00168 to 0.00249% a.i. com pared  to p rev io u s ly  

d e te rm in e d  v a lu es  o f 0.00008 to 0.00019% a.i.

T he level o f acaricide resistance likely to vary  g reatly  w ith  the host c ro p  

h a rb o u r in g  th e  m ite  p o p u la tio n  (probably  d u e  to selection p ressu re  re su ltin g  

fro m  aca ric id e  app lica tio n  o n  the crop) a n d  the  referral susceptible p o p u la tio n . 

T h is is  e v id e n t from  the  find ings of earlier w orkers.

D ev ine  e t al. (2001) observed  th a t a s tra in  o f T. urticae from hops exh ib ited  

v a ry in g  lev e ls  o f resis tance  to METI (m itochondrial electron transport inh ib ito r) 

acaric ides, like teb u fe n p y rad , p y ridaben , fenazaqu in  an d  fenpyroxim ate, of 

w h ich  leve l o f res is tan ce  to fenazaqu in  w as h igh  i.e, 168 folds.

In  T. urticae p o p u la tio n  from  app le  in Southern  France, 

R om ain  e t al. (2003) reco rd ed  m od era te  level of resistance to fenazaquin, as 

R esistance R atios ra n g e d  from  20 to 29.

W h en  Y oung  a n d  co-w orkers (2004 an d  2006) s tu d ied  fenpyroxim ate a n d  

p y rid a b e n  re s is ta n t p o p u la tio n s  of T. urticae (selected over 20 generations in th e  

lab o ra to ry ) fo r th e ir  cross resistance to an o th e r acaricide of sim ilar m ode of 

ac tio n  i.e., fen azaq u in , the  levels of resistance noticed w ere low  (RR<10) a n d  

m e d iu m  (RR 10-40), respectively.

A s o b se rv ed  in  th e  p re sen t s tu d y  w ith  T. urticae popula tion  on t o m a t o ,  

res is tan ce  to  M E T I-acaricides has been repo rted  from  Belgium (Bylemanns a n d  

M e u rre n s , 1997) a n d  A ustra lia  (H erron a n d  Rophail, 1998) on crops Ilk c  

s tra w b e rry  a n d  app le.

55
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5.1.6. R es is ta n ce  to  p ro p a rg ite

W h en  sa m p le d  b e tw ee n  June an d  O ctober m onths, die ability of T  lirticm, 

p o p u la tio n s  on  to m ato  to  res is t the toxic doses of p ro p arg ite  ranged  fr0 m  4  to  - |2  

fo ld s  a n d  the  c o rre sp o n d in g  LCso values w ere  1 .2  ppm  to 8 .3  ppm . The level of 

res is tan ce  reco rd ed  o n  the  kharif season  crop in  Bangalore and  Kolar d is tr ic ts  

w a s  a lm o s t to  the  sam e  extent. H ow ever, in V adagur of K olar district, the level of 

to le ran ce  th o u g h  increased  to  28 fo lds d u rin g  D ecem ber, it rem a in ed  stab le 

fu r  ther.

C o m p a re d  to  m e d ian  le thal concentration  values of 1.2 ppm  to 8 .3  p p m  

d e te rm in e d  fo r T. urticne popu la tion  on tom ato  in  the p resen t study , v a ry in g  

lev e ls  o f res is tan ce  to p ro p arg ite  in  T. urticae popu la tio n s  from  cotton (635 p p m  -  

8104 p p m ), ca rn a tio n  (1464 ppm ) an d  a lm onds (316 ppm ) have been reco rd ed  by 

D en n eh y  et nl. (1987), C heng  and  Pan (1994), E strada-C otero  an d  Sanchez-G alvez 

(1990) a n d  K eena a n d  G ran e tt (1990). T hese differences in to lerance to 

p ro p a rg ite  m ay  b e  a ttr ib u ted  the  ex ten t of selection p ressure (or u sa g e  of 

p ro p a rg ite  a g a in s t T. urticne), h o s t crop as  well as the bioassay techn iques 

a d a p te d .

5. 2. B ioe fficacy  o f  n e w e r m o lecu le s  again st T. urticae  on  tom ato

A fte r th e  f irs t app lica tion , m ilbem ectin  (3.75 g a .i./h a ) , fenazaquin  (125 g 

a .i . /h a ) ,  fen p y ro x im ate  (30 g a .i./h a ) , p ro p arg ite  (570 g a .i./h a ), ch lo rfen ap y r 

(75g a . i . /h a )  a n d  d ia fe n th iu ro n  (450 g a .i./h a )  w ere  significantly m ore effective 

in  b r in g in g  d o w n  the  p o p u la tio n  of sp ider m ite  eggs by 70 -  82% co m p ared  to 

o th e r  tre a tm e n ts  like, abam ectin  (64% reduction ), dicofol (60% reduction ), 

w e ttab le  s u lp h u r  (33% reduction ), m ineral oil (64% reduction) and  fish o il rosin 

so ap  (43% red u c tio n ). W ith  second app lication  also sim ilar trend w as observ ed  

a n d  th e  e x te n t o f red u c tio n  in the p opu la tion  o f eggs in plots treated w ith new er 

m o lecu le s  ra n g e d  fro m  6 6  to 87%, w hile in dicofol trea tm en t reduction w a s  only 

51% . O v e r  tw o  ap p lica tio n s , m ilbem ectin, fenazaquin , p roparg ite , ch lo rfen ap y r
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a n d  fen p y ro x im ate  w ere  fou n d  su p e rio r  in reducing  the  egg p o p u la tio n  m o re  

th a n  70% c o m p a re d  to 57% red u c tio n  no ticed  w ith  dicofol app lication  (Fig. 1 3 )

W ith  re g a rd  to  the  effectiveness in  field ag a in st active stages, the  o r d e r  of 

efficacy w a s  ch lo rfen ap y r, fenazaquin , p roparg ite , d ia fen th iuron , fenpy rox im ate  

a n d  m ilb em ec tin  cau sin g  91%, 85%, 78%, 77%, 72% a n d  71% red u c tio n , 

resp ec tiv e ly  in  th e  f irs t app lication . B ut w ith  second app lication  the efficacy of 

on ly  f irs t th ree  m olecu les w as significant. W ith tw o applications, ch lo rfen ap y r, 

fe n a z a q u in  a n d  p ro p a rg ite  p roved  the ir superio rity  in bringing dow n the  

n u m b e r  o f ac tive  s tag es  causing  78 to 91% reduction  over u n trea ted  control. W ith  

d icofo l ap p lica tio n s , red u c tio n  in the p o p u la tio n  of active stages w as only 62%  

(Fig. 14).

W h en  the  field  efficacy of new er m olecules against total p o p u la tio n  

in c lu d in g  eggs a n d  active stages w as  analysed  after the first application, th e  

ex ten t o f re d u c tio n  ran g ed  betw een  73% and  81% in m ilbem ectin, fenazaquin , 

fen p y ro x im ate , p ro p a rg ite , ch lo rfenapy r an d  d iafen th iuron  treated  plots. B u t 

w ith  seco n d  ap p lica tio n  su p erio rity  in  red u c in g  the  popula tion  w as a p p a re n t 

w ith  o n ly  fen az aq u in  (w ith  86% reduction), m ilbem ectin  (w ith 84% reduction ) 

a n d  p ro p a rg ite  (w ith  80% reduction). In dicofol trea tm en t 61% and 5 l/o  

red u c tio n  in  m ite  p o p u la tio n  w as observed  w ith  first and  second applications, 

resp ec tiv e ly . H o w ev er, the  overall efficacy of tw o applications on the total m ite  

p o p u la tio n  rev ea led  the  su p erio rity  of m ilbem ectin  and  fenazaquin  trea tm en ts , 

w h ic h  re su lte d  in  82-83%  red u c tio n  over th e  un trea ted  control. P roparg ite , 

c h lo rfe n a p y r a n d  fenpy rox im ate  w ere  n ex t in  the o rd er of efficacy causing 7 0 -  

76% re d u c tio n  in  m ite  p o p u la tio n  com pared  to  56% reduction noticed w ith  

dicofol. D ia fen th iu ro n , abam ectin  and  m ineral oil 1% w ere able to bring  d o w n  

th e  p o p u la tio n  b y  61-66%.

T h o u g h  a m p le  lite ra tu re  o n  con tro l o r m anagem ent of sp id er m ites w ith  

n e w e r  sy n th e tic  acaricides in  varied  crop situations is available, p e r tin e n t



references o n  th e  co n tro l tw o  sp o tted  sp id e r m ite  on  tom ato  are  few. Acaricides 

like d icofo l, abam ectin , fen azaq u in , fenpyroxim ate , d iafen th iuron , p ro p a rg ite  etc. 

h a v e  b een  e v a lu a te d  ag a in st T. urticne on  crops like tom ato  an d  cucum ber (A ji 

2005 ; S zw ejda , 1993 & 1994 ; U n d u rrag a  a n d  Dybas, 1998 ; A tanasov et n l, 1 9 9 5 ), 

p o ly h o u se  rose  (A gu iar et a l, 1993 & 1995 ; Sekulic et n l, 1998 ; O nkarappa , 1999), 

su g a rb e e t (L eg ran d  e t n l, 1999), o rnam en ta ls  (G reen & Dybas, 1984), s traw b e rry  

(A n to n in  e t a l ,  1997 ; N ico tina  & Ernesto, 1998), cotton (El-Banhawy & A nderson , 

1985 ; V ostrel, 1996 ), ap p le -p ee r-p each  (A llen et n l, 1997 ; C urkovic et n l, 1999 ; 

C ho i et n l ,  1997) a n d  vegetab les (M asis a n d  A guilar, 1990) in India, P o lan d , 

U n ite d  S ta te s  of A m erica, M exico, A rgen tina , South Africa, B ulgaria , 

S w itze rlan d , Ita ly  a n d  K orean Republic.

S ign ifican t red u c tio n  in the p o p u la tio n  of eggs i.e., 84% (over tw o  

ap p lica tio n s) in  m ilb em ectin  trea ted  p lo ts  (Fig. 13) observed  in the p resen t s tu d y  

is s u p p o r te d  by th e  find ings of Aji (2005), w ho  reco rd ed  in the laboratory th e  

lo w e s t LCso v a lu e  of m ilbem ectin  again st T. urticne eggs (3.77ppm) com pared  to 

fen p y ro x im ate , abam ectin  a n d  fenazaquin . In the p resen t study  effect of 

fe n a z a q u in  @125g a . i . /h a  w as m ore sign ifican t as it  resu lted  in 82% reduction  in 

m ix ed  s ta g e  p o p u la tio n  of T. urticne on tom ato  (Fig. 15). As indicated in the  

ea rlie r  re p o r ts  effective perio d  of fenazaqu in  varied  w ith  die crop, g ro w in g  

co n d itio n s  a n d  th e  d o se /co n c en tra tio n  used . Sekulic et al. (1998) noticed b e tte r  

efficacy o f  fen az aq u in  a t  80-120m g/litre  ag a in st T. urticne on cucum ber a n d  

to m ato  fo r 7  d a y s  on ly  u n d e r  g lasshouse conditions. Legrand et nl. (1999) co u ld  

reco rd  th e  effectiveness of fenazaquin  u p  to one m onth  on sugarbeet. 

A p p lica tio n  o f  fen az aq u in  a t 75 a.i./lOO litres of w ate r offered good control o f T. 

urticne o n  g reen  h o u se  s traw b erry  (N icotina an d  Ernesto, 1998), w hile, a t 0.06% 

c o n ce n tra tio n  i t  w a s  m o re  effective on  H um ulus lupulus (Vostrel, 1996). T. urticae 

in fes ted  s tra w b e rry  in  o p en  cu ltivated  a n d  covered fields as well as fie ld
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c u ltiv a te d  C le m en tin es  w ere  b e tte r  p ro tec ted  by the application of fena2 a q u in  

(A n to n in  e t al., 1997; A ucejo e t al., 2003).

A p p lica tio n  of p ro p arg ite  @ 570 g a .i . /h a  or fenpyroxim ate ® 30 g a . i . /h a  

o r fen p y ro x im a te  @ 30 g a . i . /h a  o r ch lorfenapyr @ 75 g a .i ./h a  tw ice a t  tw o 

w eek s  in te rv a ls  a g a in s t T. urticae on  tom ato  in the p resen t s tu d y  w hich w o u ld  

re su lt in  70-76%  red u c tio n  in the  m ixed  stage popula tion  of the m ite is in  line 

w ith  th e  fin d in g s  of A tanasov et al. (1995), w ho also observed m a x im u m  

p ro te c tio n  o f tw o  sp o tte d  sp id e r  m ite  in fested  green  house tom atoes w hen  n e w e r  

c o m p o u n d s  like  p ro p arg ite , fenpyrox im ate  an d  d iafen th iuron  w ere u se d  

ju d ic io u s ly  a lo n g  w ith  phy toseiid  m ite  p redato r, Phytoseiulus persimilis in 

B ulgaria . C h o i et al. (1997) also  reco rded  g reater efficacy of p roparg ite  an d  

fen p y ro x im a te  ag a in s t eggs an d  active fem ales of T. viennensis on cherry, p eac h  

a n d  a p p le  o rc h a rd s  in K orean republic.

P ro m is in g  fea tu re  of fenpyrox im ate  again st tw o spotted  sp ider m ite  on 

to m a to  n o ticed  in  th e  p re sen t s tu d y  is in  line w ith  reports of Vostrel (1996) on 

H um ulus lupu lus  an d  th a t  of C urkovic et al. (1999) on  E uropean  red  mite in fes ted  

a p p le  a n d  p e a r  crops.

F en g y in g  G u o  et al. (1998) suggested  the  follow ing for the successful 

m a n a g e m e n t o f m ite  p ests  in  the  ev en t of acaricide resistance ; i) use of h igh ly  

effective aca ric id e  a t  in itia l s tag es  of m ite  infestation, ii) u se  of only selective 

aca ric id es  to  co n serv e  n a tu ra l enem ies an d  to  su p p o rt their role in natural p e s t  

co n tro l a n d  iii) ro ta tio n a l use  o f acaricides w ith  d ifferen t m ode of action o v e r  a 

lo n g  p e r io d  o f tim e to  im prove  susceptib ility  in  the resistan t p o p u la tio n  as 

c o m p a re d  to  re p e a te d  use  o f the  sam e acaricide. This also helps to ex tend  the 

p e rfo rm a n ce  o f an  acaricide in the  field.

It is  rev ea led  from  the  p resen t s tu d y  tha t T. urticae popula tions on to m a to  

fro m  V a d a g u r  h a s  v ery  h ig h  level of resistance to dicofol (Table 3 ; Fig. 8D ) a n d
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it is e v id e n c e d  b y  th e  red u ced  level of control obta ined  w itii dicofol application 

(Table 12 -13). D icofol app lica tio n  cou ld  reduce the m ite popu la tion  by only 56% 

(Fig. 15). In  th is  con tex t, the  eva lua tion  of new er com pounds like milbemectin, 

fen az aq u in , fenp y ro x im ate , p ro p arg ite  and  ch lorfenapyr undertaken  in the 

p re se n t s tu d y  to  m an ag e  th e  d icofol res is tan t tw o spotted  sp id er m ite population 

in  V a d a g u r  is  m o re  re lev an t an d  these  acaricides m ight be recom m ended for use 

a s  th e y  w e re  fo u n d  prom ising .

A m o n g  th e  o th e r  acaricides for w h ich  the extent of resistance in T. urticne 

p o p u la tio n s  fro m  V ad ag u r w as  s tu d ie d , abam ectin  an d  proparg ite  recorded 

re la tiv e ly  lo w  level of resistance. T hus m ilbem ectin  an d  proparg ite , w hich w ere 

fo u n d  m o re  effective in  the  p re se n t field  trial m igh t be used  m ore conveniently 

as  L in d a  e t nl. (1991) rep o rte d  no  significant differences in the responses of 

d icofo l r e s is ta n t an d  suscep tib le  popu la tio n s  of T. urticne to propargite and 

a v e rm e c tin  co m p o u n d s. S upporting ly , Y oung et nl. (2004) an d  Sato cl nl. (2004) 

h a v e  d e te c te d  neglig ib le  o r v ery  low  level of cross resistance in T. urticne 

p o p u la tio n s  fo r acaric ides like, p roparg ite , m ilbem ectin  an d  fenpyroxim ate.
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V I. S U M M A R Y

In v es tig a tio n s  w e re  carried  o u t d u rin g  2006-08 on the  d e te rm in a tio n  o f  

base-lin e  v a lu e s  for suscep tib ility  of laboratory  p o p u la tio n  of T. urticne to  

se lec ted  aca ric id e s  nam ely , w ettab le  su lp h u r, d ico fo l, abam ectin , d ia fe n th iu ro n , 

fe n a z a q u in  a n d  p ro p arg ite , to assess the freq u en cy  an d  level of resistance to  

th e se  aca ric id es  in  T. urticne p o p u la tio n s  on to m ato  from  Bangalore and  K o la r  

d is tric ts , a n d  to  eva lua te  n ew er acaricidal m o lecu les  ag a in st this m ite p es t in  

fa rm e r s fie ld  in  V ad ag u r of K olar d istric t. The re s u lts  o f the laboratory s tu d ie s  

c o n d u c te d  in  the  A carology U n it of Dept, of A gricu ltural E n to m o lo g y , 

U n iv e rs ity  o f A gril. Sciences, GKVK, Bangalore a n d  the field investigations i n  

fa rm e r 's  fie ld s  in  B angalore a n d  K olar d istricts a r e  briefly sum m arized  h e r e  

u n d e r.

P o p u la tio n  of T. urticne w as  m ain ta ined  co n tin u o u sly  in the laboratory f o r  

o v er a p e r io d  o f o n e  y ea r from  F ebruary  2007 to F e b ru a ry  2008 w ith o u t e x p o s in g  

i t  to  a n y  acaric ides. T he suscep tib ility  of this la b o ra to ry  popula tion  in c reased  

o v e r  su ccessiv e  g en era tio n s  (from  5th to  38lh gen era tio n ) to all the aca ric id e s  

te sted , w e ttab le  su lp h u r, dicofol, abam ectin , d ia fe n th iu ro n , fenazaquin a n d  

p ro p a rg ite . T  h is  labo ra to ry  p o p u la tio n  w as u sed  a s  the  reference su scep tib le  

p o p u la tio n  a n d  th e  m e d ian  le thal concentration v a lu e s  (LCso) of acaricides f o r  

th is  la b o ra to ry  p o p u la tio n  a t the 38th generation w ere  d e te rm in ed  as the base-line 

values. T h e  LC50 values d e te rm in ed  for this su sc ep tib le  laboratory p o p u la tio n  

(reference p o p u la tio n ) w ere  114 p p m  for w ettab le su lp h u r , 0.1 ppm  each f o r  

d icofo l, ab am ectin , fenazaqu in  & d iafen th iuron  an d  0 .3  p p m  for propargite.

T h e  level of resistance to  w ettab le  su lphur in  T . urticae populations fro m  

to m a to  c ro p  ra n g e d  from  7 to 30 folds (Resistance R atio  6.7 to 30.3) in Bangalore 

d is tr ic t a n d  3 to  38 fo ld s  (Resistance Ratio 3.2 to 38.1) t o  K olar district. The lev e l 

o f re s is tan c e  ra n g e d  from  low  to  m oderate.



F or d icofo l the in ten sity  o f resistance w as  h igh  in  b o th  Bangalore (767 to  

3690 fo ld s) a n d  K olar d is tric ts  (500 to  6491 folds). T he resistance ra tio  W as 

m a x im u m  o f  6491 d u r in g  D ecem ber 2007 for sp id e r  m ite  popu la tion  fro m  

V a d a g u r  in  K olar distinct, w h e re  the  tom ato crop is g ro w n  co n tin u o u s ly  

th ro u g h o u t  th e  y ea r u n d e r  irr ig a ted  cond itions an d  the  farm ers also re so rt to  

in te n s iv e  p la n t  p ro tec tio n  m easu re s  against pests an d  d iseases o f tom ato.

F o r a b am ec tin  d ie  ex ten t of resistance exhibited  by  7'. urticae p o p u la tio n  

from  K o lar d is tr ic t w a s  low  as the  resis tance ra tio  w as less th a n  10 (RR 4 to  8).

F o r d ia fe n th iu ro n  a m o d e ra te  level of resistance w a s  noticed in b o th  

B an g a lo re  a n d  K olar d is tr ic ts  (RR of 14-37 an d  18-47, respectively). H ow ever, th e  

re s is tan c e  in c reased  to  h ig h e r levels of 67 an d  79 folds, in m ite p o p u la tio n  

s a m p le d  d u r in g  the rab i season  m on ths, D ecem ber (2007) an d  February  (2008).

T w o  sp o tte d  sp id e r  m ite  popu la tion  from  Bangalore an d  Kolar d is tr ic ts  

s h o w e d  a  p ro g ress iv e  d ev e lo p m en t of resistance to fenazaquin  from a low  to  

m o d e ra te  leve l (RR 5 to  32 in  B angalore d istrict and  8 to 25 in Kolar district) a s  

th e  to m a to  c ro p p in g  season  advanced . But the level of resistance w as high (168 - 

249 fo lds) in  V ad ag u r of K olar d is tric t beyond  Septem ber.

D u rin g  k h arif season  sp id e r m ites show ed  low  levels of resistance to  

p ro p a rg ite  in  b o th  B angalore (4-12 folds) and  K olar d istric ts  (6 to 11 folds). B u t 

th e  re s is ta n c e  increased  fu r th e r  to m o d era te  levels in the  follow ing m onths o f  

D ecem b er (2007) a n d  F eb ru ary  (2008).

A t all the  locations T. urticae popu la tions from  tom ato  exhibited th e ir  

ab ility  to  to le ra te  the  recom m ended  toxic doses of all the  acaricides tested  

e sp ec ia lly  in  th e  la te r p a r t  of the  c ropp ing  season.



63

Field  ev a lu a tio n  w ith  n ew er acaricidal m olecules ag a in st dicofol-resistant 

T. urticne p o p u la tio n  in  V ad ag u r of K olar d istric t revealed  better effectiveness 

w ith  m ilb em ectin  (3.75 g a .i . /h a ) , fenazaquin  (125 g a .i./h a ), p roparg ite  (570 g 

a .i . /h a ) ,  ch lo rfen ap y r (75 g a .i . /h a )  and  fenpyroxim ate (30 g a .i./h a ), w h ic h  

acc o u n te d  fo r 70% red u c tio n  in  the  egg popula tion  o f sp id e r m ite. C h lo rfenapy r, 

fe n a z a q u in  a n d  p ro p a rg ite  w ere  su p erio r in bringing dow n the popula tion  of 

ac tive  s tag es  by 75 to  91%. H ow ever, against m ixed stage p o p u la tio n , 

m ilb em ec tin  a n d  fen azaq u in  causing  82 - 83% reduction  w ere significantly m o re  

effective fo llow ed  by  p ro p arg ite , ch lorfenapyr and  fenazaquin  causing 70 - 76 % 

red u c tio n . T h e  effect o f d ia fen th iu ro n  (450 g a .i./h a ) , abam ectin  (6 g a .i./h a )  a n d  

m in e ra l o il 1% w as  m o d e ra te  record ing  61 - 66% reduction.

F ro m  th e  overa ll find ings it is ev iden t th a t the T. urticne population  o n  

to m a to  h a s  h ig h  level of resistance to dicofol an d  low  to m oderate level o f

resistance to* new er acaricides. Application of newer BsdeadteB fifeej. mrl&anedao:

(125

g- a j. . (30; g  a;.i,/ha)- to  rotation-, a*

Mweefelr intervals wouM  be a p g s e ra te  fear rraore e f f e c t  ©anted- of the
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