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ABSTRACT

Citrus leaf miner (CLM), Phyllocnistis citrella (Stainton) is one of the most common insect pests infesting mandarin
orchards. The present study was carried out to evaluate some insecticides (Proclaim-Vertemic-Radiant-Mospilan-Runner)
treatments in mixture with a mineral oil against larval and pupal stages of the leaf miner to find out the effective treatment in
controlling the CLM. Results revealed that, Proclaim / Chemisol mixture (92.9%) achieved the highest reduction percentage in
CLM serpentine mines, which is followed by Vertemic / Chemisol (88.3) and Radiant / Chemisol (88.2) in 2014 season. In 2015,
Proclaim / Chemisol (88.2) and Radiant / Chemisol (86.5) mixtures achieved the highest reduction percentage in CLM serpentine
mines. Mospilan / Chemisol (85.1) mixture achieved the lowest reduction percentage in P. citrella serpentine mines in 2014.
Runner / Chemisol mixture achieved the lowest reduction percentage in P. citrella serpentine mines in 2015. Percent reduction of
CLM larvae were 95.1, 90.1, 87.1, 84.3 and 81.4% in 2014 and 89.6, 86.5, 83.1, 82.7 and 78.9 in 2015, after treatment by the
mixture of Chemisol with each Proclaim, Vertemic, Radiant, Mospilan and Runner, respectively. In respect with the effect of the
insecticide treatments on the CLM pupae, Vertemic / Chemisol mixture (86.3 and 86.6%) achieved the highest reduction
percentages followed by Proclaim / Chemisol mixture (83.9 and 83.4%) in both seasons 2014 and 2015. Runner / Chemisol
mixture (77.5 and 76.0%) achieved the least reduction percentage of CLM pupae in both seasons 2014 and 2015.

INTRODUCTION

Citrus is a globally cultivated fruit crop, which
includes orange, sweet orange, acid lime and other
related species of citrus. Among the fruit crops, citrus
occupies big area and production. Among the citrus
group, mandarin (Citrus reticulata) is the world fame
glorious fruit crop (Lad et al., 2010). Mandarin is
attacked by many insect pests; between them is citrus
leafminer (CLM), P. citrella, (Heppner, 1993). Citrus
leafminer is a delicate microlepidopteran insect which
causes severe damage for newly tender leaves during
the different periods of flushes especially the young
trees (Badawy, 1967;Kfoury&EIl-Amil,1998; Salas and
Goane, 2001).

Extensive use of insecticides has selected many
insecticide resistant insect populations causing a severe
problem in pest management programs of the world. So,
there is a greater need to develop alternative or
additional techniques, which would allow a rational use
of pesticides and provides adequate crop protection for
sustainable food production. Among the most promising
alternative to conventional insecticides, are avermectin
and spinosoid insecticide  groups.  Abamectin
(avermectin B1) is currently the main avermectin
compound used as a mitecide/ insecticide in a great
variety of crops. Chemical modifications on its original
structure with the aim of increasing its insecticidal
spectrum resulted in the discovery of emamectin
benzoate (MK-244, 4"  —deoxy-4”"—epi-Nmethy
lamineavermectin B1), one of many 4 ” — substituted
analogs that shows an increased potency against
lepidoptera larvae (Mrozik, 1994). The mode of action
of emamectin benzoate is similar to abamectin (a
GABA and glutamate-gated chloride channel agonist)
according to Dunbar et al. (1998). Emamectin benzoate
is novel semi-synthetic derivative of the natural product
abamectin from the avermectin family of 16-membered
macrocyclic lactones. This epi-methyl amino derivative
is very effective against a broad spectrum of
lepidopteran insect pests with good field efficacy and

lack of cross-resistance with other commercially-used
pesticides (White et al., 1997).

The semi synthetic compound, spinetoram
(spinosoids) is the second generation of spinosyns.
Spinetoram is the active ingredient in Radiant®.
Electrophysiological studies have shown that spinosoids
act on the insect central nervous system to increase
spontaneous activity, leading to involuntary muscle
contractions and tremors. This increase in excitation
appears to result from the persistent activation of
nicotinic  acetylcholine receptors (nAChRs) and
prolongation of acetylcholine responses, in a manner
that is distinct from other nicotinic active molecules. In
addition, the spinosyns can also alter the function of
GABA-gated chloride channels (Salgado et al., 1997).
Therefore, the present study was carried out to evaluate
some insecticide treatments in mixture with a mineral
oil against larval and pupal stages of the leaf miner to
find out the effective treatment in controlling the CLM.

MATERIALS AND METHODS

Field experiments on mandarin orchard (7 years
old) severely infested with P. citella were conducted.
An orchard of about 4 feddans at Nubarya district was
selected. Mandarin trees were cultivated in sandy loam
soil. Experiments were carried out on summer flushes
for two seasons (2014 - 2015). Treatments were
Proclaim (SG 5%), Vertemic (EC 1.8 %), Runner (SC
24%), Radiant (SC 12%) and Mospilan (WP 10%) each
was mixed with Chemisol oil (EC 95%). Mandarin trees
in 2014 and 2015 seasons were total coverage sprayed
and total covered using ground motor sprayer (600 liters
capacity). A mixture of the Chemisol oil at rate of
0.25% was tank mixed with each of the fore-mentioned
insecticides. Five replicates from tender twigs 15 - 20
cm in length (each contains 10 twigs) were randomly
collected before and after every 3 days of treatment
from each treatment as well as untreated control. Five
leaves from each twig (i.e. 250 leaves from each
treatment) were inspected using a stereoscopic
microscope. Number of serpentine mines, larval and
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pupal mortalities of P. citrella were counted and control measures for this insect which are compatible
recorded. Reduction percentages of mines, larvae and  with IPM. In the present study, two field studies were
pupae for each treatment were calculated according to  carried out during 2014 and 2015 seasons at at Nubarya
Hendrson and Tilton (1955). The treatments were to evaluate some insecticide treatments (each mixed
compared with each other using one way ANOVA with  with the mineral oil Chemisol) against the CLM in the
LSDy 5 (CoStat Statistical Software, 1990). mandarin fields.
Results in Tables (1 and 2) represent the
RESULTS AND DISCUSSION reduction percentages of P. citrella serpentine mines
Citrus leaf miner is one of the most common during 2014 and 2015. It is clear that, Proclaim /
pests in mandarin orchards. Citrus leaf miner is Chemisol mixture (92.9%) achieved the highest
injurious because it occur both in nursery and groves reduction percentage in P. citrella serpentine mines,
and play havoc if left unattended. It is difficult to  which is followed by Vertemic / Chemisol (88.3) and
estimate the damage extent as all new flushes in well ~ Radiant / Chemisol (88.2) in 2014 season. In 2015,
maintained grooves are attacked by leaf miner (Johnson,  Proclaim / Chemisol (88.2) and Radiant / Chemisol
2006). The majority of the damage caused CLM is (86.5) mixtures achieved the highest reduction
believed to result from mining on the adaxial and percentage in P. citrella serpentine mines, which are
abaxial surface of the newly formed leaves. Young followed by Vertemic / Chemisol (84.2), and Mospilan /
leaves curl-up, become chlorotic and eventually become  Chemisol (84.3) mixtures. Mospilan / Chemisol (85.1)
necrotic. Consequently, affected leaves that host a  mixture achieved the lowest reduction percentage in P.
heavy (more than 4 mines / leaf) CLM density are citrella serpentine mines in 2014. Runner / Chemisol
frequently distorted and may abscise. In countries where  mixture achieved the lowest reduction percentage in P.
CLM is a pest, growth of nursery and newly planted citrella serpentine mines in 2015 season.
trees is retarded by a reduction of the leaf Reduction percentages of CLM larvae in summer
photosynthetic area. As a result fruit yields in older trees  flushes mandarin leaves as a result of treatment by
are often reduced (Ando et al., 1985). Therefore, there  different insecticides in 2014 and 2015 seasons
is a need for searching about effective insecticides and illustrated in Tables (3 and 4).

Table 1. Reduction% ofP.citrella serpentine mines insummer flushes mandarin leaves after different

insecticides treatments at Nubareya district (2014 season):

i ; ; Y%Reduction of mines/leaf after different times of application
Pesticide+chemisol oil 3-days  6-days 9-days 12-days  15-days 18-days Zlqgays 24-days Mean
88.6 91.3 7 97.0 95.2 90.0 894 9

Proclaim . 94. 97.2 . 29a
Vertemic 84.4 86.0 89.4 92.7 91.5 88.8 88.3 85.1 88.3b
Radiant 84.5 87.9 90.4 921 90.9 89.7 88.2 81.9 88.2 b
Mospilan 82.3 85.6 86.2 88.5 88.0 84.8 84.2 81.2 85.1c
Runner 79.2 82.7 83.9 92.1 914 87.8 87.0 86.6 86.3bc

Means followed by the same letters are not significantly different according to the LSDq s.
Table 2. Reduction% ofP.citrella serpentine mines insummer flushes mandarin leaves after different

insecticides treatments at Nubareya district (2015 season):

i : : %%Reduction of mines/leaf after different times of application
Pesticide + chemisol oil 3-days 6-days 9-days 12-days 15-days  18-days Zpl)Pdays 24-days Mean

Proclaim 855 88.6 911 93.0 92.1 89.9 834 82.0 88.2a
Vertemic 82.5 83.1 85.0 87.2 86.7 83.3 84.2 813 84.2b
Radiant 83.6 87.1 89.2 93.2 90.5 86.4 83.2 79.0 86.5a
Mospilan 83.3 87.4 88.6 90.5 85.4 81.1 79.9 78.0 84.3b
Runner 75.1 784 80.8 84.0 88.2 84.3 82.0 80.2 81.6¢

Means followed by the same letters are not significantly different according to the LSDq s.

Table 3. Reduction% of P.citrellalarvae insummer flushes mandarin leaves after different insecticides

treatments at Nubareya district (2014 season):
Tai P H %Reduction of P. citrella larvae
Pesticide + chemisol oil 3éoia%/s 6éd4a%/s Qédays 12-days 15-days 18-days 21-days 24-days Mean

Proclaim . 6.2 98.1 98.4 96.8 92.7 92.0 9%5.1a
Vertemic 87.9 88.7 915 95.3 94.0 90.0 88.2 85.2 90.1b
Radiant 85.5 87.5 89.8 89.9 88.1 86.4 86.0 83.2 87.1 bc
Mospilan 84.4 87.0 87.7 88.7 87.0 81.1 79.2 79.0 84.3c¢c
Runner 82.2 86.7 89.9 85.2 80.0 77.9 74.8 74.8 8l4c

Means followed by the same letters are not significantly different according to the LSDq 5.

Table 4. Reduction% of P.citrellalarvae insummer flushes mandarin leaves after different insecticides
treatments at Nubareya district (2015 season):

9%0Reduction of P. citrella Tarvae

Pesticide + chemisol oil 3-days 6-days 9-days 12-days 15-days 18-days 21-days 24-days Mean
Proclaim 86.4 91.3 921 939 938 89.0 86.1 84.2 896a
Vertemic 85.1 86.6 88.8 90.3 88.5 86.7 84.2 82.1 86.5a
Radiant 82.3 84.2 85.9 86.4 84.4 81.5 80.3 79.4 83.1b
Mospilan 83.7 85.3 86.8 86.2 83.1 80.4 78.1 77.7 82.7b
Runner 78.6 82.5 85.6 86.8 79.6 76.1 72.1 70.2 789¢c

Means followed by the same letters are not significantly different according to the LSD 5.

Results revealed that, Proclaim / Chemisol percentages of CLM larvae and the Runner / Chemisol
mixture achieved the highest %reduction of CLM  mixture achieved the least reduction percentage of CLM
larvae, followed by Vertemic / Chemisol mixture in larvae (Table 4) Mospilan and Runner each mixed with
2014 (Table 3). In 2015, Proclain and Vertemic Chemisol oil achieved the least reduction percentages of
mixtures with Chemisol achieved the highest reduction CLM larvae. Percent reduction of CLM larvae were
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95.1,90.1, 87.1, 84.3 and 81.4% in 2014 and 89.6, 86.5,
83.1, 82.7 and 78.9 in 2015, after treatment by the
mixture of Chemisol with each Proclaim, Vertemic,
Radiant, Mospilan and Runner, respectively (Table 3
and 4). In respect with the effect of the insecticide
treatments on the CLM pupae, Vertemic / Chemisol

mixture (86.3 and 86.6%) achieved the highest
reduction percentages followed by Proclaim / Chemisol
mixture (83.9 and 83.4%) in both seasons 2014 and
2015. Runner / Chemisol mixture (77.5 and 76.0%)
achieved the least reduction percentage of CLM pupae
in both seasons 2014 and 2015 (Tables 5 and 6).

Table 5. Reduction%of P.citrellapupae insummer flushes mandarin leaves after different insecticides

treatments at Nubareya district (2014 season):
Pesticide + chemisol oil YoReduction o{ P citrella pupae

3-days 6-days 9-days 12-days 5-days  18-days 21-days 24-days Mean
Proclaim 84.35 86.6 86.5 8.4 84.7 83.2 80.0 /8.4 83.9D
Vertemic 82.9 86.8 89.2 88.4 89.3 86.7 84.6 82.8 86.3a
Radiant 83.6 85.7 84.2 82.1 81.6 80.4 78.7 77.1 81.7bc
Mospilan 80.1 82.7 83.4 82.8 80.4 78.3 76.5 75.9 80.0¢c
Runner 77.0 79.3 82.1 80.7 78.2 75.1 74.2 73.6 775d

Means followed by the same letters are not significantly different according to the LSD 5.

Table 6. Reduction% of P.citrellapupae insummer flushes mandarin leaves after different insecticides
treatments at Nubareya district (2015 season):

Pesticide + chemisol oil

%oReduction of P. citrella pupae

Mean

3-days 6-days 9-days 12-days 15-days =~ 18-days 21-days 24-days
Proclaim 83.7 84.6 85.3 8/7.0 84.1 82.8 80.3 79.3 834D
Vertemic 82.3 86.8 88.4 89.6 88.2 87.5 86.4 83.7 86.6 a
Radiant 81.7 82.0 82.6 84.7 83.4 82.1 80.5 78.0 81.9b
Mospilan 79.5 80.1 81.4 83.0 79.7 77.4 75.2 73.9 78.8 ¢
Runner 75.5 76.7 78.2 79.5 77.0 75.2 73.8 71.9 76.0c

Means followed by the same letters are not significantly different according to the LSDq 5.

Our results are in agreement with El-Abbassi et
al., (2009) when they found that, abamectin + mineral
oil achieved good control for the CLM larvae, pupae
and reduced the leaf mines on orange orchard.
Mosallam et al., (2008) reported that acetamiprid was
more effective than KZ oil in the control of CLM on
orange orchard.

REFERENCES

Ando,T.K. Taguchi, M.Uchiyama, T.Ujiye and H.Kuroko.
(1985).(7Z-112)- 7,11 hexadecadienal; sex attractant of

the citrus leafminer Phyllocnistis citrella (Stainton)
(Lepidoptra;  Phyllocnistidae).  Agric.Biol.Chem.Tokyo
49;3633-3653.

Badawy,A.(1967).The morphology and biology of Phyllocnistis
citrella (Stainton),a citrus miner in Sudan 8ull. Soc. Ent.
Egypte.51,95-103

CoStat Statistical Software (1990). Microcomputer program
analysis version 4.20, CoHort Software, Berkeley, CA.

Dunbar, D. M., D. S. Lawson, S. M. White, N. Ngo, P. Dugger
and D. Richter (1998). Emamectin benzoate: control of
the heliothine complex and impact on beneficial
arthropods, In: Proceedings of the 1998 Beltwide Cotton
Conference, San Diego, California, USA. pp.1116-1118

El-Abbassi, T.S.;Mosallam,A.M.Z. and Anas  A.Ahmed
(2009).Field trials for controlling the citrus leafminer
Phyllocnistis citrella (Stainton) (Lepidoptra;
Phyllocnistidae).in  Egypt.  Annals of  Agric.Sc.,
Moshtohor, Vol. 47 (1):p 1-10.

Henderson, C. F. and E. W. Telton. 1955. Tests with acaricides
against the brown wheat mite.J. Econ. Entomol. 48, 157-161.

Heppner,J.B.(1993). Citrus leafminer, Phyllocnistis citrella
(Stainton) (Lepidoptra; Gracillaridae; Phyllocnistidae) .
Fla. Dept. No.359.May-June,2 p.

Johnson, G. 2006: Pakistan citrus industry challenges:
opportunities for Australia-Pakistan collaboration in
research, development and extension. Citrus industry
survey and workshops, July 2006. 86 pp.

Kfoury,L. and EI-Amil,R.(1998).Pest in Lebanese citrus orchards
in 1997. Phytoma, No. 508:38-39.

Lad, D. L, S. G. Patil and S. A. More (2010). Efficacy of
different insecticides against larval and pupal stages of
citrus  leafminer  Phyllocnistis  citrella  Stainton,
International Journal of Plant Protection. 3: 127-129.

Mosallam,A.M.Z.; Anas A. Ahmed; Aida M.EI-Hakim and Salwa
K.Hanna (2008). Efficiency of acetamiprid against citrus
leafminer Phyllocnistis citrella (Stain.) (Lepidoptra;
Phyllocnistidae). Zagazig J.Agric. Res.,35(1):95-112.

Mrozik, H. (1994). Advances in research and development of
avermectins. Am. Chem. Soc. Symp. Ser. 551: 54-73.

Salas,H. and Goane,L. (2001).Monitoring of the principal pests of
lemon in Tucuman.Avance Agroindustrial, 22(3):27-30.

Salgado, V. L. (1997). Studies on the mode of action of spinosad:
insect symptoms and physiological correlates. Pestic.
Biochem. Physiol., 60: 91-102.

White, S. M., D. M. Dunbar, R. Brown, B. Cartwright, D. Cox,
C. Eckel, R. K. Jansson, P. K. Mookerjee, J. A. Norton, R.
F. Peterson and V. R. Starner (1997). Emamectin
benzoate: a novel derivate for control of lepidopterous
pests in cotton. In: Proceedings of Beltwide Cotton
Conferences, New Orleans, pp.1078-1082.

8 aaal) Aadlace 4 L gl sl Jladl o 31 0Y) (B dadla B jda daglia o Cilasal) cdlalaae (g 00

daa) sl e Gl
- A Sy — bl 48 g & gay e

-l -é.ai)s _HEJ)'J) Glanad) b1s Ellaa il adasSlay &u\)ﬂ\ sl Crald, @u}:\n Ol el L.fﬂ‘ Y e 31 g1 Bl dalla [PWEN

Gl 8 phall sl Albal) daud il B SaillAled KV ALl (J 0 Jpaalladl) oded ) jlaal) 52800 jighal J  Samall 3l foil ) -S ga
bl Jadally Alalaall 23 0HAA, Y Aty Samall Cy 51 ae el b o glaally Alalaall Lol 5 (méd At (J 1 il99Y, 4 Jaeall 31 ae ailS g ) Lk A
o il 5 9HAAY aaall oy ) e aal€ g 5o Jaaldy Alalaally bl Al S YoV 0 g (B Vo) auiga (A g OHAA Y Faudy Samall 3l s
) o 3 ae B ge Ja glaally Alalaally (sl At J8I IS (5 HAY) Oabaally 45 5l8all 48 sded (add daad (3 Va5 %AT 0 Jamall oy 3l
CS YV E auge Al I bl o2 il ISy | 9HA) T amall a3 ae iy da slaally Alabeally (i A Jils, Yo ) £an sal 00 )
- OHAY V- 0HAY V- 0HAT 02 0HA% T LIS (im 6Al A 5 LUK Yo Y Oaiisa (89 OHAY €= OpAE Y- OHAY V- 05+ V- 0pd0 ) LIS [ adl A
AaVloda sl J padalldwais o il J @'a.ul\;"_JJ\S\H)_"\J_O)__u}a_usl.pb_M}_HEJ#)Q\M\MM&AJ%VA_‘\
a3l e S5 5 T sl Alelaall Ay 5 (9HAT T GHATT) rmall oy 3 pn i 58 o glially Alalaally omid A I T2 IS AL Ll By )
- 0BVY.0) Ay aaall oy ) e 0y da slaa Alalaally (iadd A JB CilS g0 (Y00 - YoV £) Cnangall (B Gl 5 (Q0AT. € - QAT 4) duviy el

(Y 0- YV £) e sall B (%Y.

29



Anas A. Ahmed

30



