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ABSTRACT

INTRODUCTION

Citrus leafiminer (CLM), P. citrella
(St) is a delicate microlepidopteran insect
which cause severe damage for newly tender
leaves during the different periods of flushes
of citrus trees especially young trees or seed-
lings in Egypt and other countries (Ayoub,
1960; Badawy, 1967, Heppner, 1995,
Gonzalez & Stein, 1996; Kfoury & El-Amii,
1998 and Salas & Goane, 2001). Infestation
reduces rate of photosynthesis followed by
retardation in growth and reduction in fiuit
yield.

Scveral trials for controlling this pest,
allover the world, using different insecticides
were conducted {(Boulahia er al, 1996;
Nucifora, 1996; Rezk ef al., 1996; Salas et al.,
1997, Korashy, 1998; Mustafa & Ateyyat,
1998; Raja ef al., 1998a & b; Bei XuFang et
al., 1999; Moraes et al, 1999; Vargas et al,,

1999; Ley BangHai & Wu QiNeng,, 2000;
Villamueva- Yimenez et al, 2000; Yamamoto
et al, 2000, Zhang QuanBing er al, 2001;
Pizza & Moleas, 2002 and Mosallam et al.,
2008).

The aim of this study is to find out
appropriate control measure to suppress CLM
population density on summer flushes of navel
orange trees to protect autumn flushes from
infestation. On the other hand, selecting a
chemical control treatment which may induce
least adverse effect on CLM parasites. Achie-
ving a proper summer treatment regimes able
to protect citrus orchards from expected
increment of CLM population 4-5 weeks prior
emergence of autumn flushes will also reduce
environmental pollution, disturbance of natu-
ral balance and probable problems of high
insecticide residnes in winter fruits.
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MATERIAL AND METHODS

Field experiments on navel orange
trees (8-10 years old) severely infested with
P citrella were conducled. An orchard of
about 25 feddans at Meniat EL-Kamh district,
Sharkia Governorate was selected. Citrus trees
were cultivated in clay soil. Distance between
trees were 5x5 meters and irngated using
flood irrigation regime. Experiments were
carried out on summer flushes for two succe-
ssive years (2006 and 2007).

Used Insecticides
(A) 2006 season
1. Abamectin:
a- Dimectin 1.8% EC
b~ Mectin 1.8% EC
2. Lufenuron (Match 5% EC)
3. Spinosad (Tracer 24% SC)
4, Thiamethoxam (Actara 25%WG)
5. Minera! oil (Chemi oil 95% EC)

(B) 2007 season

1. Cartap hydrochloride (Suntap 50%SP)
2. Phenthoate (Elsan 50%EC)
3. Imidacloprid (Matador 35%EC}

Trees in 2006 scason were total co-
verage sprayed using ground motor sprayer
(600 litre capacity). Amixture of the mineral

oil (Chemi oil) at rate of 0.25% was tank
mixed with Dimectin 1.8% EC, Mectin 1.8%
EC, Maich 5% EC, Tracer 24% SC and
Actara 25% W@ at concentrations of 0,025,
0.025, 0.02, 0.008 and 0.007%, respectively.
In 2007 season, trees were treated with suntap
50% SP, Matador 35% EC and Elsan 50% EC
at rates of 0.1, 0.005 and 0.045%, respec-
tively, Same spraying machine and same
technique applied in 2006 season was used.
Area of each treatment and/or untreated cont-
rol was one feddan (about 160 trees, ie. 10
rows x 16 trees). Five replicates from tender
twigs 15-20 cm in length (each contains 10
twigs) were randomly collected every week
from each treatment as well as untreated
control. Five leaves from each twig (i.e. 250
leaves from each treatment) were inspected
using a stercoscopic microscope. Number of
serpentine mipes, alive and dead individuals
(larvae and pupae) of P. citrella were counted
and recorded. In addition number of
parasitized individuals with both Baryscapus
sp. and Cirroespilus spp. were counted. Reduc-
tion percent for either number of mines or
living individuals were calculated according to
Hendrson and Tilton (1955). Statistical analy-
sis was conducted using F. test (Snedecor and

Cochran, 1981).

RESULTS AND DISCUSSION

1. First Season
Reduction in mines

Data presented in Table (1) indicate
that all tested insecticides mixed with Chemi
oil in 2006 season were effective in reducing
mean number of serpentine mines in navel
orange leaves one week afler application. Per-
centages of reduction were 97.06, 96.66,
98.35, 99.01 and 96.93% for Dimectin 1.8%
EC, Mectin 1.8% EC, Match 5% EC, Tracer
24% SC and Actara 25% WG, respectively.
However, efficiency of tested insecticides
began to vary starting from the 2™ up the 5%
week post treatment. Average reduction per-
cent values after 5 weeks from application
indicate that Mectin 1.8% EC was the most
effective among all tested products. Insecti-
cides could be amanged descendingly

according to their efficacy as follows: Mectin
18% EC (81.63%) > Dimectin 1.8% EC
(78.97%) > Match 5% EC (73.95%) > Actara
25% WG (64.73%)> Tracer 24%SC (61.94%)
However, statistical analysis for average
number of mines/leaf after 5 weeks of applica-
tion show clearly that there were high signifi-
cant differences between all tested insecticides
and untreated control. Data also show that
Mectin [.8%EC and Dimectin 1.8% EC pro-
tected most new flushes from reinfestation
with P. citrella throughout four successive
weeks after application. Percent reduction in
mean number of mines/leaf in new flushes for
four weeks post treatment were 97.06, 96.57,
93.95 and 75.51% for Dimectin 1.8%EC,
while they were 96.66, 91.88, 88.57 and
84.43% for Mectin 1.8%EC. Match 5%EC
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was cffective in keeping new flushes from
reinfestation until the 3™ weck after applica-
tion, Aflerward, it declined at the 4™ and 5™
week post application. Tracer 24%SC and
Actara 25%WG were the least effective tested
products. Their effect declined drastically after
the 3" week of application

These results are in agreement with
those obtained by Moraes et al. (1999) who
found that abamectin + mineral oil (25me+
250ml) was the most effective treatment for
controlling P. citrella in Brazil 7 and 14 days
after application. In China, Lei BangHai and
Wu QiNeng (2000) applied abamectin-petro-
leum (24.5%) at dilutions 1500, 1:1000,
1:1500, 1:2000 to 8 years-old citrus trecs hea-
vily infested with P. citrella. They stated that
7 days after treatment with abamectin-
petroleum, percent reduction of infestation
were 95.8, 91.6, 89.2 and 83.2%, respectively.
Villanueva-Jimenez et al. (2000} compared
potentially selective and integrated pest mana-
gement (IPM) compatible pesticides against P.
citrella in Florida. They reported that petro-
leum oil at 3%, azadirachtin at 1x the LRFR
{Least Recommended Field Rate) + 4% oil
and diflubenzuron at 1x the LRFR + 4% oil
were shown to be IPM-compatible pesticides,
where they had fewer mines per leaf.

Reduction in alive individuals

Data illustrated in Table (2) represent
the efficacy of tested pesticides mixed with
Chemi oil on mean number of alive indivi-
duals (larvae & pupae) of P. cifrella during
2006 scason. All tested insecticides were
highly effective within the first two wecks
after application, except for Actara 25%WG
which was the least effective product at end of
the 2" week (88.73%). However, no signifi-
cant difference in mean pumber of alive
individuals/leaf was recorded when compared
with other insecticides. Starting from the 3™
week after application, significant differences
n efficacy among tested insecticides were
recorded. Dimectin t.8%EC and Mectin 1.8%
EC were significantly more effective than the
other three tested insecticides. Reduction
perceniages in mean number of alive indivi-
duals/leaf three weeks post treatment were
99.83 and 90.68 for Dimectin and Mectin,
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while they were 78.45, 75.74 and 76.76% for
Match, Tracer and Actara, respectively. Four
weeks after application reduction percentages
in mean number of alive individuals/leaf
started to decline for all tested products. How-
ever, Dimectin and Mectin were still signifi-
cantly more effective than other insecticides.
Same trend extended the fith week after
application. In addition, there were no signifi-
cant differences between untreated control and
the three insecticides Match, Tracer and
Actara. Average reduction percentages in
mean number of alive individuals/leaf after 5
weeks of treatment, were, 85.30, 82.94, 68.39,
66.65 and 69.11 for Dimectin, Mectin, Match,
Tracer and Actara, respectively. It could be
concluded that mixing abamectin when tested
through the two different formulations
{Dimectin and Mectin 1.8%EC) with Chemi
oil is considered the most effective in reducing
mean number of alive individuals of P
citrella, Efficacy of these two mixtures
extended to the fourth week after application
and succeeded to protect new flushes of navel
orange leaves during 2006 summer season
from infestation for such period of time. These
results are in harmony with those obtained by
Raja et al. (1998b) who stated that mixtures of
mineral oil with acetamiprid, fipronil of
abamectin had the lowest munbers of CLM
larvac up to 7 days after application. At 15
days after application with a mixture of either
acetamprid or abamectin with mineral oil, less
number of pupae were noticed. Tested insecti-
cides were ineffective in reducing CLM popu-
lation density 22 days after application,

Mortality and parasitism percentages

Table (3) show the efficiency of
certain insecticides mixed with Chemi oil on
mortality percentages of larvae and pupae of
P. citrella as well as percent of parasitism
with the two parasites Baryscapus sp. and
Cirrospilus spp. at Sharkia Governorate
during 2006 summer season. Data clearly
indicate that Dimectin 1.8%EC was the most
effective among tested insecticide, one week
after application. Mortality percentages of
both larvae and pupae one week post treat-
ment were 100, 62.50, 81.25, 85.71 and 84.00
for Dimectin 18%EC, Mectin 1.83%EC,
Match 5%EC, Tracer 24%SC and Actara
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25%WG, respectively. While, it was 6.63% in
untreated control. Efficacy of Dimectin 1.8%
EC represented by values of mortality percen-
tages of larvae and pupac extended up to the
third week after application, while it decreased
drastically in rest of pesticides starting from
the second week post treatment. Dimectin
1.8%EC induced 100, 95.63 and 97.22%
mortality at the first 3 weeks after application,
respectively. Mean average in  mortality
percentages after five weeks from treatment
were 71.28, 44.72, 34.19, 45.16, and 38.28 for
dimectin 1.8% EC, Mectin 1.8% EC, Match
5% EC, Tracer 24%SC and Actara 25% WC,
respectively. While it was 12.33 % in untrea-
ted control. Rezk ef al (1996) found that
Vertemic (abamectin) + mineral oil was the
most cffective combination against P. citrella
followed by mixture of methomy! + dime-
thoate when mortality was recorded 2,7 and
21 days after treatment. Mortality percent in
untreated control decreased one week after
application of insecticides. It was 17.91 and
6.63% before and after one week post appli-
cation of insecticides, respectively. Afterward,
mortality percentage in untreated control
started to increase by lapse of time. This could
be attributed to the adverse effect of sprayed
insecticides in general on population density
of parasites in whole area. Population density
of parasites began to recover 2 weeks after
application represented in increment of per-
cent mortality in untreated control. Dimectin
1.8% EC which induced the highest mortality
percentages on larvaec and pupac had no
adverse effect on the larval endoparasite
Baryscapus sp. or prepupal ectoparasite Cirro-
spilus spp. No significant difference in
average percent of parasitism in inspected
navel orange leaves at the area treated with
Dimectin 1.8% EC + Chemi oil and untreated
contral area was recorded. Mean average
percent of parasttism five weeks after applica-
tion was 1.30% in area treated with Dimectin
1.8%EC, while it was 1.07% in unireated
control area.

2. Second Season
Reduction in infestation

Data in Table (4) represent efficacy of
three insecticides (belonging to three different
chemical groups) on mean number of
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serpentine mines induced by P. citrella on
new flushes of ‘navel crange trees in 2007
summer season. All tested products showed
high significant effect on mean number of
mines through 6 weeks after application.
Among the tested products, Elsan 50%EC was
the most effective and persistent, while
Matador 35%EC was the least effective. No
significant differences in mean number of
mines/leaf or average of mines/leaf through
the first five weeks after application were
recorded between Suntap 50%SP and Elsan
50%EC. However, at the sixth week after
application efficiency of Elsan 50%EC was
significantly higher than that of Suntap 50%
SP. Average mean reduction in mumber of
mines/leaf after six weeks of applications
were 91.6, 79.0 and 73.0% for Elsan 50%EC,
Suntap 50% SP and Matador 35%EC, respec-
tively. Bei XuFang er al. (1999) reported that
imidactoprid 10% when used at dilutions of
1:1000, 1:2000, 1:3000 and 1:4000 gave 98.9,
95.31, 93.5 and 92.6% control after 7days of
application against P. citrella, respectively,
while Marshal ec. (carbosulfan) at 20%
induced 94.1% control. Mosallam ef 4,
(2008) found that acctamiprid was more
effective than Dimethoate or Kz oil. It reduced
percent of infestation with P. citrella by 60.26
and 78.33% after 1% and 2 ™ applications,

respectively.

Reduction in living individuals ‘
Effect of three tested insecticides
during 2007 summer season on mean number
of alive individuals/leaf of P. citrella are
presented in Table (5). Data clearly indicate
that Eisan S0%EC was the most effective
insecticide followed by Suntap 50% SP and
Matador 35%EC. Average mean reduction
percent in number of mines/leaf 6 weeks after
applications were 94.80, 80.30 and 80.13% for
Elsan 50%EC, Suntap 50%SP and Matador
35%EC, respectively. However, average mean
number of mines/leaf in Elsan 50%EC was
significantly less than in Matador 35%EC,
which showed no significant difference when
compared with Suntap 50%SP. In Tunisia
Boulahia ef al (1996) reported that comfidor
(imidacloprid), Evisect (thiocyelon) and the
mineral oil Olcosect significantly decreased P.
citrella population and confidor was the best
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among the three tested insecticides. In Brazil
Raja et al. (1998a) stated that 6 days post
treatment, tebuferozide, cartap, fipronil, carbo-
nyl and hexythiazox were the most effective
against CLM resulting over 80% reduction in
larval population in comparison with untreated
control. In Egypt, Mosallam e al (2008)
found that acetamiprid was more effective
-against P. citrella than Dimethoate and Kz oil.

Mortality and parasitism percentages

Table (6) illustrate the effect of the
three tested insecticides on percent mortality
of larvae and pupae of P. citrello (on navel
orange leaves) as well as percent of parasitism
by the two parasites Baryscapus sp. and
Cirrospilus spp. when applied during 2007
summer season, Effect of Suntap 50%SP was
low at the first two weeks after application,
(32.85 & 45.98%), respectively. Efficiency of
this product increased at the 3" and 4" week
after treatment reaching 97.22 & 96.55%, then
declined to 13.33 and 0.0% at 5* and 6™ week,
respectively Matador 35%EC showed higher
efficacy than Suntap 50%SP one week after
application (62.50%), then declined gradually
in progressive weeks after application (47.33,
3235, 37.55, 21.47 and 25.97%) for 2* 37,
4%, 5% and 6% respectively, Elsan 50% EC
showed high and potent efficacy with in 4
weeks after application. Percent mortality
recorded were 98.36, 93.44, 79.66 and 82.35
for week 1,23 and 4, respectively. Afierward
its cfficacy declined drastically at 5 week
(34.29%) reaching 0.0% at the 6" week post
application. Data clearly show that Elsan
S0%EC and Suntap 50%SP (irrespective to its
low effect within the first two weeks post
application) gave promising results extended
to 4 weeks after treatment. Tested insecticides
could be arranged according to their efficiency
as represented in average mortality percent
after 6 weeks of treatment on the following
order: Elsan 50%EC (64.68%), Suntap 50%
SP (47.66%) and Matador 35%EC (37.86%).
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Data clearly show that the three tested
insecticides had- different influences on the
two parasites Baryscapus sp. and Cirrospilus
spp. Matador 35%EC (which had the least
effect on larvae and pupae of P. citrella)
showed the lowest adverse effect on percent of
parasitism. Percentages of parasitism were
significantly higher than untreated control
throughout the six weeks of this study except
for 2 week after application. As shown
earlier, Suntap 50% SP (which induced low
effect on P. citrella of the first two weeks post
appli@q'on) had also less detrimental effect
agamst the two parasites (parasitism percen-
ta'ges were 0,97 & 1.96, respectively). At the
3% and 4™ weeks, percentages of parasitism
reached 0.0%, while at the same time, percen-
tages of mortality against P. citrella were
97.22 and 96.55% respectively. This could be
attributed to latent toxic effect of this product
on either P. citrella or parasites. On the
contrary, Elsan S50%EC induced severe
adverse effect on percent of parasitism within
the first two weeks after applications (0.0%),
as well as it gave the highest effect on P.
citrella during this period of time. By lapse of
time percent of parasiism increased and
efficacy of the product on P. citrella started to
decrease. This could be attributed to decree-
ment in residues of that product by lapse of
time. In General, the three tested insecticides
could be arranged descendingly according to
their adverse effect on percent of parasitism
(represented in values of mean percent of
parasitism) for the two parasites Baryscapus
sp. and Cirrospilus spp. as follows: Suntap
50%SP (0.50}, Elsan 50%EC (2.66) and
Matador 35%EC (8.37). Raja er al (1998a)
studied the effect of 14 different insecticides
on CLM. they stated that level of parasitism
by Galeopsomya sp. (Eulophidae) ranged
between 4.1-34.7%. Mosailam et al. (2008)
found that percent of parasitism for aceta-
miprid, Dimethoale and KZ oil ranged bet-
ween 2.01-4.18 and 2.82-6.72 after 1% and 2™
treatments, respectively.




Table (1): Effect of certain pesticides tank mixed with Chemi oil on number of serpentine mines of £ citrella in navel orange leaves of summer flushes
at Sharkia Governorate during 2006 season.

Mean no, of mines / leaf Avera
Pesticide + Chemi oil| Before 1 % 2 % 3 % 4 % 5 % no. %

treat. week | Red. | weeks Red. | Weeks | Red, | weeks | Red. | Weeks Red. of mines | Red.
in 1.8% EC 278 020B 1 9706 | 024 95.57 036D {9395 135C | 71551 232C 31.76 089D 7897
ectin 1.8% EC 3.92 032B | 9666 | OB0C | 9188 | 096C | 8857 121C | 8443 ] 256BC | 46.60. 1.17CD | 81.63
ch 5% EC 3.9 016B | 9835 | 083C | 9166 | 1.70B ) 7996 ! 273B | 6524 | 3.17AB | 3454 1.72BC | 73.95
racer 24% SL 2.88 007B 1 9901 [ 112BC | 8453 | 18 B | 6985} 279B | 531.15 {334AB| 3517 184BC {6194
ctara 25% WG 333 025B | 9693 1.80B 78.49 219B 1 6930 | 279R | 5775 { 321 AB{ 2118 204B 64.73

ontrol 2.96 724 A - 7.44 A - 634 A - 587A - 362A - 6.10A -

F‘” test NS *% - %k - *% _ £ 3 - ] - *¥% -

Table (2): Effect of certain pesticides tank mixed with Chemi oil on alive individuals of P. cifrella in navel orange leaves of summer flushes at Sharkia

iMatch 5% EC
[Tracer 24% SL
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Table (3): Mortality percentages of larvae and pupae of P.citrella in leaves of navel orange treated with certain pesticides mixed with Chemi oil and
rcentages of parasitism with both scapus sp. and Cirrospilus spp. at Sharkia Governorate during 2006 season.

Pesticide + Chemi Y%oMortality (week) A | % Parasitism (week) N

. Before verage : Before verage
oil treat. 1 | 2 3 4 5 treat. | 1 2 3 4 5
inl.8%EC | 863 | 100.00A [ 9583A | 9722 A | 4222A | 21.12BC | 7i28A ' 168 |000] 0.00B |282! 3.70A | 0.00 | 130A
ectin 1.8% EC 3433 62.50B | 4625B; 4167B | 41.32A | 32.03A [44.75BCJ 068 |000] 0.00B 1092 0.00B | 0.79 | 0.34B
5% EC 31.31 | 81.25AB [ 45.78B | 1941 D | 15.38B 9.15E 34.19D 0 000] 000B (056! 049B | 0.63 | 0.34B
racer 24% SL 22.22 | 85.71AB | 56.25B | 31.72C | 2545B | 26.65AB ; 45.16B | 056 ' 0.00| 0.00B  0.89 | 0.48B | 0.56 | 0.39B
ctara 25%WG 13.21 | 84D0AB | 50.568B | 2R.31C | 17.92B | 10.59DE |38.28CD{ 160 [0.00| 0.00B | 093] 0.00B | 0.84 | 0335B
ontrol - 17.91 663C | 10.75C | 1041E | 17.55B | 16.30CD | 12.33E 0 000 251A (193 000B ;0931 1.07A

F‘” tﬁt NS ik sk ¥k kk *¥ *$ *% NS NS *k NS ¥ NS ek

Table (4): Mean of serpentine mines of P, citrella in leaves of navel orange trees treated with different pesticides at Sharkia Governorate during 2007

season,
. Mean no. of mines / leaf Average
Pesticide Before | 1 % 2 % 3 % 4 | % 5 % 6 % | no.of | %
treat. | week | Red. | weeks | Red. | weeks | Red. | weeks | Red. | weeks | Red. | weeks | Red. | mines | Red.
untap 50% SP 5.1 1.37B | 8281 ; 0.87B | 9053 | 0.36C | 9653 | 0.29C { 9647 | 1.05BC | 8039 { 1.81B { 27.33 | 0.96C { 79.01
dor 35% EC 564 032C | 9589 | 1.50B | 8329} 238B | 7644 | 2.61B | 67.51 1.63B | 6886 7 1.31B | 46.19 [ 1.63B | 73.03
50% EC 572 {061BC | 9228 { 0.61B {9330 | 059C | 9427 [ 017C | 9791 | 035C [ 9341 | 0.52C | 78.94 | 0.48C | 91.69
ontrol 556 T.68A - 8.85A - 10.01A - T9A - 5.16A - 2.40A - 7.00A -
F” test NS % - *¥ - %k - % - %k - %k - *¥ -
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Table (5): Mean number of alive individuals of P. citrella in leaves of navel orange trees treated with different pesticides at Sharkia Governorate

Mean no. of alive individuals / leaf

%
Red

3
weeks

Yo
Red.

4
weeks

%o
Red.

Suntap 50% SP

04.55

0.01C

99.90

0.01C

99.86

; Matador 35% EC

90.38

1.61B

82.97

1.63B

76.69

Elsan 50% EC

09.52

0.12C

98.75

0.03C

Control

9.40A

6.95A

arasitism with both

S,

us sp. and Cirrospilus s

ey

at Sharkia Governorate during 2007 season.

Table (6): Mortality percentages of larvae and pupae of P. cifrella in leaves of navel orange trees treated with different pesticides and percentages of

P d % Mortality {(week) % Parasitism (week) A
esticide | Before Average! Before verage
treat. 1 2 3 4 5 6 treat. 1 2 3 4 5 6

‘ 5801:’1/1: gl;, 849 132.85C{4598B97.22A{96.55A(13.33C 1 0.00C | 47.66B | 0.46C | 0.97C {1.96B{ 0.00B { 0.00D { 0.09D { 0.00B | 0.50C
gg:;,a:% 10.82 {62.50B {47.33B [32.35C {3755C { 21.47B | 25.97A { 37.86C { 3.55A [15.63A| 0.00C (17.23A( 5.75B [ 5.52A | 6.11A | 8.37A

I sg,::a]gc 1049 [98.36A {93.44A(79.66B{ 8235B [ 34.29A | 0.00C | 64.68A | 2.33B {0.00C {0G.00C [ 4.52B | 7.84A { 3.61B {0.00B| 2.66B

\ Control 1007 | 990D | 7.80C | 609D | 1225D | 1240C| 11.67B | 10.02D | 2.70B |521B|342A ] 2.66B | 1.85C | 2.06C | 0.00B| 2.53B

| “F” test NS. b ** ** T % = ** x* *F ** % ** * % ¥

d8
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