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Evaluation of Infestation of Phyllocnistis citrella
Stainton (Lepidoptera: Gracillariidae) and its Parasitism After the

Application of Betacyhalothrin and Thiamethoxam on Quadrates of Citrus Trees

Ibrahim Latif, Sohail Ahmad, Muhammad Asif Qayyoum and Bilal Saeed Khan
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Abstract: Citrus is the major fruit crop in Pakistan which has now become number one export commodity after
mango. A number of insect pests damage this fruit crop, Citrus leaf miner, Phyllocnistis citrella Stainton
(Lepidoptera:  Gracillariidae),  is  the  most  important  insect  pest  due  to its involvement in citrus canker.
Present studies were carried out to evaluate the infestation of citrus leaf miner and its parasitism after the
application of betacyhalothrin and thiamethoxam on quadratic sides of citrus trees. For this purpose 8 trees with
four directions (south, east, north and west) were selected randomly and tagged. Infestation and parasitism was
counted on spring and monsoon flush on every four sides of the tagged citrus trees. Each insecticide was
applied to three trees in three replications. After 1  application, 2  application was done only when fresh leafst nd

miner attack appears on selected plants. The pest’s population and parasitism was recorded in citrus research
area at Post-Graduate Agriculture Research Station (PARS), Faisalabad. Larval mortality data was analyzed
statistically by means of M.Stat. Both chemicals gave significant result against Phyllocnistis citrella Stainton
but the best result was given by the Betacyhalothrin 2.5% EC rather than Thiamethoxam 25% WG. In orchard,
highest larval mortality(54.20%) was recorded on north side in spring season while lowest larval
mortality(44.90%) was recorded in Autumn season on east side. Parasitism was significantly highest in spring
season and north side (17.17%) and lowest (11.19%) in autumn season and west side of trees in the orchards.
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INTRODUCTION spins  a  cocoon  that  is mostly protected by the folding

The 21 percent GDP (Gross Domestic product) share place [5].
of 21 Agriculture sector has been playing prominent role The level of damage is dedicated according to mine
in  the  economy  of Pakistan and also contributed about length (12.8 cm) per leaf, area of leaf infestation (60 %) and
45 percent labor force. The rural areas of Pakistan percentage of leaf infestation (80%) in month of April and
comprises 62 percent of the total population [1]. Citrus 10.4 cm mine length per leaf, 50.06% and 64.9% in
leaf miner is considered to be a serious pest inhabitant to September, respectively [6]. Several insecticides are used
South Asia that spread nearly all citrus growing areas of against CLM, but it may involve detrimental effects on the
the world [2]. Citrus fruit is an important fruit crop in the environment [7].
world. Carbohydrates are the main component of that Spinosad having low environmental persistence as it
fruit, which consist of mostly sucrose, fructose and contained reduced risk material and causing less toxicity
glucose [3]. Flushing is restricted by reducing fertilization to the vertebrates [8].
rate and irrigation level in orchards to the minimum value
required for normal plant growth [4]. There are four larval MATERIALS AND METHODS
instars of CLM (Citrus Leaf Minor) but the last larval
instar does not feed so mostly maximum larval size is The experiment was carried out in Citrus Research
attained in the third larval instar. The fourth larval instar Area at Post-graduate Agricultural Research Station

of the edge of citrus leaf, where finally pupation takes
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(PARS), Faisalabad. The quantity of insecticides was Emergence of Parasitism: Population of parasitism was
applied according to field dose of each chemical. Dose determined by the emergence of parasites from randomly
rate of insecticides are as Betacyhalothrin 20% EC and selected sprayed branches of citrus trees that were placed
Thiamethoxam 20% SL. in different cages in the laboratory. Emergence of

Spring and Monsoon seasons were selected for the parasites might be occurring through the larvae of citrus
application of insecticides that retains maximum leaf miner or from the pupae of their own. Parasites were
population of leaf miner in these times of the year. Spring collected simply by counting total numbers of adult
season includes months from April to June whereas parasite present at that time in the cage. Data of parasitism
monsoon season includes months from August to was recorded in laboratory by cutting randomly selected
October. Knapsack sprayer was used for the insecticides branch on weekly basis in both seasons of the year.
application on the selected citrus trees. Experiment was
laid out in Randomized Complete Block Design with three RESULTS
replications.

In  citrus  orchard, 9 trees in a row were selected for Betacyhalothrin and Thiamethoxam were selected to
treatments. Each insecticide was applied in three evaluate their efficacy upon randomly selected 5 branches
replications. After 1st application, 2nd application was on each quadrant of 4 citrus trees for 3 replications for
done  only  when  fresh leaf  miner  attack  was appeared each insecticide while 3 citrus trees remains untreated as
on the selected trees. One tree was represented a control in  spring  season  as well as in autumn season.
replication  for  an  insecticide.   Finally   data  was The results indicate that analysis of variance of the
analyzed statistically through appropriate procedure. percent larval mortalities of citrus leaf miner between
Larval  mortality  was  counted  along with parasitism in insecticides, seasons, direction of insecticide application
the four directions (south, east, north and west) of the (sides) and their interaction showed high significant
citrus trees. difference in infestation level except insecticides and

Larval Mortality: Spring and autumn seasons are mostly Interaction of insecticide x side (direction of
influenced by the attack of citrus leaf miner. Insecticides insecticide application) showed that larval mortalities of
were applied when there was maximum pest emergence citrus leaf miner after insecticide application in both
and occurrence. Betacyhalothrin and Thiamethoxam were seasons was lowest in I2 x east (44.91%) and highest
the insecticides that was selected to evaluate their reduction in infestation was in I1 x north (56.10%) which
efficacy upon randomly selected 5 branches on each were non significantly different from I1 x east (49.94%)
quadrant of 9 citrus trees for 3 replications for each and I2 x south (50.66%). Four sides had significant
insecticide while 3 citrus trees remains untreated as difference in larval mortalities, being highest on north
control in spring season as well as in autumn season. (54.20%). Larval moralities were statistically not similar for
Larval mortality was counted for 4 days regularly in a two insecticides (Table 2).
week after first application of insecticides i.e. after 24, 48, Season had significant effect on larval mortalities on
72 and 96 hours. As new infestation appears on the leaves four quadrants. Highest mortalities of the larvae were
of selected branches of citrus trees then another recorded on north side in both seasons and mortalities in
application of insecticide was done during 2011. Single this quadrant were similar in both seasons. Lowest larval
tree was stood for a replication for an insecticide. Same mortalities were observed in S2 x east (44.90%) and was
doses of insecticides were applied in both spring and significantly different from rest of treatments of season
autumn season. Mortality data was taken in the months of and quadrants (Table3).
April, May and June in spring season while mortality data Interaction   of    insecticide    and     season   was
was also recorded in August, September and October non-significant however, as reported above larval
months in the same manner as in the spring season. mortalities were significantly different in insecticides and
Corrected mortality formula according to Abbott's formula seasons (Table 4).
(1923) was used to determine the larval mortality in which The results indicate that larval moralities were higher
larval mortality was taken after subtracting it from control. on north quadrant in both seasons. However, mortality on
Data of larval mortality was taken from sprayed side per the south quadrant was less than other quadrants, though
branch from each quadrant on weekly basis till the attack numerically, but had non-significant difference between
of citrus leaf miner become lower. other quadrants as well (Table 5).

season (Table 1).
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Table 1: Analysis of variance table for larval mortalities
Source of variation Degrees of freedom Sum of squares Mean squares F-value
Insecticide (I) 1 1274.4 1274.36 43.14**
Season (S) 1 140.5 140.53 4.76*
Side 3 3561.0 1186.99 40.18**
I x S 1 38.6 38.58 1.31NS

I x Side 3 333.0 111.02 3.76*
S x Side 3 1130.3 376.78 12.76**
I x S x Side 3 580.9 193.64 6.56**
Error 560 16542.0 29.54
Total 575 23600.7
NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01).

Table 2: Insecticide x Side interaction of means
Insecticides
---------------------------------------------------------------------------------------------

Side I1 Betacyhalothrin I2 Thiamethoxam Mean
East 49.94±0.79 bc 44.91±0.56 d 47.43±0.53 D
West 50.30±0.61 b 49.06±0.81 c 49.68±0.51 C
North 56.10±0.67 a 52.30±0.78 b 54.20±0.54 A
South 52.48±0.53 b 50.66±0.55 bc 51.57±0.39 B
Mean 52.21±0.36 A 49.23±0.38 B
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).
Small letters represent comparison among interaction means and capital letters are used for overall mean.

Table 3 & 4: Season x Side interaction and Season x Insecticide interaction of means
Season
---------------------------------------------------------------------------------

SIDE S1 Spring S2 Autumn Mean
East 49.96±0.81 c 44.90±0.53 d 47.43±0.53 D
West 50.45±0.78 bc 48.90±0.65 c 49.68±0.51 C
North 54.22±0.72 a 54.17±0.80 a 54.20±0.54 A
South 50.22±0.47 bc 52.92±0.58 ab 51.57±0.39 B
Mean 51.21±0.37 A 50.23±0.39 B
I1 52.44±0.42 51.97±0.58 52.21±0.36 A
I2 49.98±0.58 48.48±0.47 49.23±0.38 B
Mean 51.21±0.37 A 50.23±0.39B
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).

Table 5: Insecticide x Season x Side interaction means
Spring Autumn
------------------------------------------------------------------ ---------------------------------------------------------------------

Side Betacyhalothrin Thiamethoxam Betacyhalothrin Thiamethoxam
East 53.73±0.97 a-d 46.19±0.94 fg 46.16±0.89 fg 43.64±0.53 g
West 50.73±0.67 b-e 50.18±1.41 b-f 49.87±1.02 c-f 47.94±0.79 efg
North 54.55±0.87 ab 53.89±1.16 a-d 57.65±0.97 a 50.70±0.98 b-e
South 50.76±0.62 b-e 49.67±0.70 def 54.20±0.76 abc 51.65±0.84 b-e
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Table 6: Analysis of variance table for Parasitism
Source of variation Degrees of freedom Sum of squares Mean squares F-value
Insecticide (I) 1 524.89 524.89 47.47**
Season (S) 1 1818.00 1818.00 164.40**
Side 3 513.96 171.32 15.49**
I x S 1 2.31 2.31 0.21NS

I x Side 3 138.36 46.12 4.17**
S x Side 3 282.57 94.19 8.52**
I x S x Side 3 82.21 27.40 2.48NS

Error 560 6192.54 11.06
Total 575 9554.83
NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01).
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Table 7: Insecticide x Side interaction of means
Insecticide
--------------------------------------------------------------------------------------------

Side I1 Betacyhaloyhrin I2 Thiamethoxam Mean
East 15.43±0.53 ab 12.02±0.47 c 13.72±0.38 BC
West 13.83±0.46 b 11.98±0.43 c 12.90±0.32 C
North 16.36±0.55 a 14.65±0.46 b 15.50±0.36 A
South 14.59±0.36 b 13.92±0.31 b 14.26±0.24 B
Mean 15.05±0.25 A 13.14±0.22 B
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Table 8: Season x Side interaction of means
Season
------------------------------------------------------------------------------------

SIDE S1 Spring S2 Autumn Mean
East 16.18±0.45 ab 11.27±0.46 e 13.72±0.38 BC
West 14.62±0.37 bcd 11.19±0.45 e 12.90±0.32 C
North 17.77±0.34 a 13.23±0.51 d 15.50±0.36 A
South 14.91±0.25 bc 13.60±0.39 cd 14.26±0.24 B
Mean 15.87±0.19 A 12.32±0.24 B
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Table 9: Season x Insecticide interaction means.
Season

Insecticide Spring Autumn Mean
I1 16.76±0.29 13.34±0.34 15.05±0.25 A
I2 14.98±0.24 11.30±0.31 13.14±0.22 B
Mean 15.87±0.19 A 12.32±0.24 B
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).

Table 10: Insecticide x Season x Side interaction means
Spring Autumn
----------------------------------------------------------------- ----------------------------------------------------------------------------
Betacyhalothrin Thiamethoxam Betacyhalothrin Side Thiamethoxam

East 17.90±0.66 14.47±0.46 12.96±0.61 9.57±0.58
West 15.35±0.54 13.89±0.49 12.30±0.66 10.07±0.56
North 18.07±0.60 17.48±0.33 14.64±0.83 11.82±0.53
South 15.74±0.35 14.09±0.32 13.44±0.57 13.75±0.54
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).

Fig. 1: Directional wise infestation of CLM with insecticides
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Fig. 2: Directional wise infestation of CLM in both seasons

Fig. 3: Percent reduction in citrus leaf miner infestation in interaction with insecticides

Fig. 4: Percent reduction in citrus leaf miner infestation in interaction with sides and insecticides
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Fig. 5: Directional wise parasitism in both seasons

Fig. 6: Directional wise parasitism of CLM with insecticides

Population of parasitism was determined by the significantly  different  from  other interactions of I x side.
emergence of parasites from randomly selected sprayed I1 and I2 x south interaction were non-significantly
branches of citrus trees that were placed in different cages different from I2 x north, I1 x west and east. Lowest
in the laboratory. Data of parasitism was recorded in parasitism  in  this  interaction was found in I2 east
laboratory by cutting randomly selected branch on weekly (12.02%) and west (11.98%). Parasitism in those tree
basis in the both flushing season of the year. The results treated with any one of the selected insecticide had
indicate that the percentage of parasite emergence in significant difference between each other and parasitism
different treatments, seasons, direction of insecticide in south had non-significant difference that in east side
application (sides) and their interaction showed highly (Table 7).
significant difference in parasitism except in (I) insecticide Parasitism was significantly highest in S1 x north side
and (S) season (Table 6). (17.17%) and lowest (11.19%) in S2 x west. Parasitism was

Interaction of insecticide x sides showed that high significantly different between two seasons being highest
parasitism was found in I1 x north (16.36%) and was in S1 (15.87) in (Table 8).
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Fig. 7: Directional wise comparison of parasitism in both seasons and insecticides

Parasitism in those trees treated with insecticide and percent larval mortality, Thiamethoxam 20% SL (50.66%)
season interaction was non-significant. Similarly in the South direction while Betacyhalothrin 20%EC gave
parasitism in the interaction of insecticide, season and (49.94%) larval mortality in the direction of East. These
sides were also non-significant (Table 9 and 10). conclusions are in agreements with comparison of spray

DISCUSSION that studies with thiamethoxam to control citrus leaf miner

The citrus leaf miner is one of the major and important together of petroleum oil although thiamethoxam +
economical pest in all citrus nurseries as well as in Petroleum oil has been low-grade to standard insecticides
orchards, especially they cause severe damage in the five days after the second application, it resulting in 63%
newly emerged leaves of planted trees. Phyllocnistis larval reduction of citrus leaf miner.
citrella Stainton is one of the important key pests Thiamethoxam is an insect growth regulator and is
amongst all other citrus pest that caused severe damage keep safe to both environment and natural enemies
in the citrus growing regions, mainly in newly planted including nd due to its transluminar translocation in
citrus orchards. plants it helps to control the CLM as it live inside the leaf

The present study was conducted to evaluate the epidermis by making galleries so most of the insecticides
infestation of citrus leaf miner and its parasitism after the are unable to get through in the leaf and on the other side
application of betacyhalothrin and thiamethoxam on insect become resistant to much of the insecticides [11].
quadrated sides of citrus trees and to know about the Betacyhalothrin 20% EC resulting in larval mortality
suitable insecticide among betacyhalothrin and of (56.10%) in the North direction of citrus tree in citrus
thiamethoxam that provides greatest protection to citrus orchard gave the maximum control in the spring season.
growing nursery for maximum time duration against These results are in agreement with an experiment to
Phyllocnistis citrella Stainton. Experiment was laid out in check the efficacy of Tracer, Runner, Sirinol, Tondexir
Randomized Complete Block Design (RCBD) with three with / without Mineral oils against Phyllocnistis citrella
replications in citrus research area at Post-graduate [12]. The conclusions of the following study has shown
Agricultural Research Station (PARS) Faisalabad. The that Phyllocnistis citrella has effectively controlled by
quantity of spray material will be applied at their the Runner, Sirinol, Tracer, Palizin, Tondexir and Mineral
recommended field doses of each chemical viz. oil gave better results to control the Phyllocnistis citrella
Betacyhalothrin 20% EC and Thiamethoxam 20% SL. Stainton, showing that these pesticides caused larval

The present findings show percentage of larval mortality by penetrating into the leaf mines but Runner +
mortality in leaf miner infestation Betacyhalothrin 20%EC Oil, Tondexir + Oil, Tracer + Oil, were more capable than
(56.10%) in the North direction resulting in the maximum the other pesticides application.

insecticides against citrus leaf miner [10]. They suggested

should be done at 2.0 g AI/100 liter of water with adding
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Spinosad-a case study: an example from natural


