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Abstract

The citrus leafminer (Phyllocnistis citrella Stainton) is a significant pest for Citrus spp. worldwide. Hence, the effective-
ness of jasmonic acid (JA) was compared to three pesticides, abamectin, thiamethoxam, and acetamiprid, against P. citrella
infesting mandarin (Citrus reticulata L.) and lime (C. aurantifolia L.) seedlings. Mortality rate was significantly different
due to JA and other pesticides treatments. Moreover, on the 3rd day after treatment, JA demonstrated the highest reduction
percentage of leafminer (77.08 and 33.33%) on mandarin and lime, respectively. By the 10th day after treatment, JA and
abamectin displayed 100% reduction in both plant species. Furthermore, the foliar application of JA enhanced the most
vegetative characteristics in the treated seedlings, including growth rate (shoot length/root length), fresh and dry weights
of shoot and root as well as the number of leaves/seedling. Moreover, soluble protein content was increased significantly
under JA treatment in the two Citrus spp. Jasmonic acid showed a good biological activity, which gives a practical reason to
recommend it to be integrated in pest management programs as an alternative product for controlling P. citrella.
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Introduction

Citrus spp. (Fam.: Rutaceae) is an economically important
fruit crop worldwide. It is cultivated in an area of 9.8 million
hectares with a global production exceeded 156 million tons
in 2014 (FAO 2014). In Egypt, citrus is ranked as the largest
fruit crop, with an annual production of about 4 million tons
and occupying an area of about 184,390 hectares accord-
ing to the Ministry of Agriculture and Land Reclamation
(Annual Report 2013).
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However, citrus production has faced multiple problems,
mainly related to the diseases and pest infestations, which
cause severe yield losses. The citrus leafminer, Phyllocnistis
citrella Stainton (Lepidoptera: Gracillariidae), a tiny moth
pest of citrus (Arshad et al. 2018; Fletcher et al. 2018), is
considered one of the major biotic constraints. P. citrella
can affect growth and yield of nursery and newly planted
trees; however, the effect on mature trees is less serious
(Goane et al. 2015). Pesticides are considered an essential,
effective, and efficient control tool for leafminer. Among
commonly used pesticides, abamectin is well-known for its
controlling of citrus leafminer. However, other pesticides
such as thiamethoxam and acetamiprid are worthy to be
comparably involved in the study. They are a relatively new
class of systemic insecticides with a relatedness to neoni-
cotinoids which makes them act as the agonists to the nico-
tinic acetylcholine receptor (nAChRs) in a way different of
other classes of insecticides. Furthermore, they show low
toxicity to mammals, birds, and fish, but display significant
toxicities to bees. However, the unwise and uneven use of
pesticides leads to the pesticide resistance issue. In these
regards, new control strategies must be developed to respond
to this problem.
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Plant responses to many biotic and abiotic stresses are
orchestrated locally and systemically by signaling molecules
known as the jasmonates. Jasmonic acid has progressively
become known as a defense and fertility hormone. It is rec-
ognized as a key signaling molecule which can stimulate
gene expression of secondary metabolite biosynthetic path-
ways (Xu et al. 2005). Moreover, JA cooperates in many cel-
lular activities and many processes relating to development,
stress, disease, pest and wounding responses (Rosahl and
Feussner 2004; Memelink 2009).

Since the 1960s, JA has been discovered as secondary
metabolite from jasmine flower oil (Demole et al. 1962).
The biological functions of JA have received a great atten-
tion of researchers in the last two decades (E1-Wakeil 2003;
El-Wakeil et al. 2010). The main objectives of the current
research are (1) to investigate the effect of P. citrella on some
morphophysiological traits in mandarin and lime seedlings,
(2) to assess the efficiency of JA as a foliar application for
controlling the citrus leafminer in comparison with some
synthetic pesticides.

Materials and Methods
Plant Materials and Growth Conditions

One-and-a-half-year-old seedlings of lime (Citrus auranti-
folia L.) and mandarin (Citrus reticulata L.) were used to
compare the effectiveness of JA and three synthetic pesti-
cides on leafminer infestation. Seedlings were maintained
in a greenhouse of the research farm of Pomology Dept.,
Faculty of Agriculture, Assiut University during May to July
2017. Culture pots were placed at~ 60 cm from each other,
each pot was filled by 4.5 kg of 1:1 sandy/clay soil. Seed-
lings were irrigated every other day with Hogland solution
(Hogland and Arnon 1950).

Tested Compounds

Three pesticides were selected as used for foliar applications:
0.3 g/L abamectin 1.8% EC, 0.25 g L™! thiamethoxam 25%
WG, and 0.5 g L! acetamiprid 20% SL, obtained from the
Central Agricultural Pesticide Laboratory (CAPL), Dokki,
Giza, Egypt. In addition, 100 uM Jasmonic acid (99%,
Sigma-Aldrich Co.) was used for comparison. A water spray
was included as a control. Each treatment comprised 5 seed-
lings and was replicated 3 times. The JA and the selected
pesticides were sprayed using a hand sprayer equipped (5
L) with a flat-fan nozzle.

Infestation Parameters

The number of alive larvae of P. citrella was recorded before
treatment (15 larvae were for Mandarin and 21 for lime)
and after spray application (on the 1st, 3rd, 5th, 7th, and
10th day). Percentage of population reduction was calculated
according to Henderson and Tilton (1955). However, nega-
tive control involved in the equation as followed:

100

. in Co before treatment * n in T after treatment
Reduction % = (1 - nt >

n in Co after treatment * n in T before treatment

where n = Insect population, T =treated, Co = control.

Vegetative Parameters

At the end of the trial (8 weeks after treatments), several
vegetative parameters were measured to assess plant growth,
including shoot and root lengths (cm), fresh and dry weights
of shoot and root (g), and number of leaves per seedling.

Physiological Parameters

The photosynthetic pigments via, chlorophyll a, chlorophyll
b and carotenoids were estimated using the spectrophotomet-
ric method according to Lichtenthaler (1987). The photosyn-
thetic pigments were extracted from a definite fresh weight
leaf sample (50 mg) in 5 ml ethyl alcohol (95%) in a test tube
at 60 °C. Then the extraction was completed to 10 ml with
95% ethyl alcohol and absorbance readings were determined
with a spectrophotometer (Unico UV-2100). Chlorophylls
and carotenoids concentrations were calculated as mg/g FW
at 663, 644 and 452 nm using the following equations:

Chla = (13.36 * Agg;)—(5.19 * Agyy)
Chlb = (27.49 % Agyy)—(8.12 % Agg)

Carot. = [(1000 * A,s,)—(2.13 * Chl.a)—(97.6 * Chl.b)] /209

Some primary metabolites were measured including
soluble metabolites, soluble proteins and total free amino
acids (TFAA) after the methods described by Lowry et al.
(1951) and Lee and Takahashi (1966). Additionally, proline
content was assessed according to the procedure adopted
by Bates et al. (1973). The content of each metabolite in
the studied plant was expressed in mg g~! dry weight. For
Secondary metabolites, the methanolic extraction was used
according to Khan et al. (2014) and Salama and Al Rabiah
(2015) to determine total soluble phenols (Free and cell
wall-bound phenolics) and flavonoid content. Total solu-
ble phenols were determined using Folin-Ciocalteu rea-
gent according to Sampietro et al. (2009). Total flavonoid
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content determination was carried out against aluminum
chloride according to the method described by Sampietro
et al. (2009). Quercetin was used as a standard flavonoid for
calibration curve.

Statistical Analysis

The reduction experiment was set up in a randomized com-
plete block design with three replicates. Statistical analyses
were performed by the GLM procedure using SAS software
v. 9.0 (The SAS Institute Inc., Cary, NC, USA 2003). The
plant parameters experiment was set up in a randomized
complete block design (RCBD) with three replications for
each variety and each treatment. One-way analysis of vari-
ance (ANOVA) was carried out to differentiate among treat-
ments within each species using Proc Mixed of SAS pack-
age version 9.2 (SAS 2008) and means were compared by
Duncan’s multiple range test at 5% level of probability (Steel
and Torrie 1980). Differences between citrus species within
each treatment was performed using T test.

Results

The effect of three pesticides i.e., abamectin, thiamethoxam
and acetamiprid in comparing with JA was evaluated based
on several morphological and physiological parameters and
on reducing the leafminer infestation of two citrus species
seedlings (C. aurantifolia and C. reticulata).

Reduction of Leafminer Infestation

The leafminer reduction percentage of infestation on man-
darin and lime using selected novel pesticides in comparison
with JA are presented in Table 1. On the 1th day after treat-
ment, neither the selected pesticides nor JA demonstrated
any reduction. However, on the 3rd day after treatment, JA
had the highest percentage of reduction on infestation on
mandarin (77.08%) and lime (33.33%). On the 5th day after
treatment, the same trend was observed on both species. Fur-
thermore, on the 7th day after treatment, JA and abamectin
displayed a 100% reduction in infestation in both species.
Neither Thiamethoxam nor Acetamiprid achieved a 100%
reduction in infestation by the 10th day following treatment.

Morphological Characteristics

Vegetative data represented in Table 2 show the growth rate
during the growing period under conditions of applying JA
and the other three pesticides. In lime, the growth rate (shoot
length/root length) showed its highest values when it was
exposed to JA, followed by acetamiprid; these values were
significantly different than the other treatments. On the other

@ Springer

Table 1 Effect of selected novel pesticides and jasmonic acid on the
reduction percentage of citrus leafminer on mandarin and lime seed-
lings

Days of treatment Compounds Reduction percentage

(%)

On mandarin On lime

0 Control 0.00 0.00
1 Control 0.00 0.00
Abamectin 1.8% EC 0.00 0.00
Thiamethoxam 25% WG 0.00 0.00
Acetamiprid 20% SL 0.00 0.00
Jasmonic acid 0.00 0.00
3 Control 0.00 0.00
Abamectin 1.8% EC 8.33 0.00
Thiamethoxam 25% WG 26.05 0.00
Acetamiprid 20% SL 15.38 0.00
Jasmonic Acid 77.08 33.33
5 Control 0.00 0.00
Abamectin 1.8% EC 54.17 33.33
Thiamethoxam 25% WG 35.29 0.00
Acetamiprid 20% SL 47.12 20.00
Jasmonic acid 83.63 77.08
7 Control 0.00 0.00
Abamectin 1.8% EC 100 100
Thiamethoxam 25% WG 67.65 0.00
Acetamiprid 20% SL 69.78 60.00
Jasmonic acid 100 100
10 Control 0.00 0.00
Abamectin 1.8% EC 100 100
Thiamethoxam 25% WG 67.65 50.00
Acetamiprid 20% SL 78.85 60.00
Jasmonic acid 100 100
LSD 0.05 Time 0.93 0.889
Compounds 0.849 0.811
Time X Compounds 2.077 1.985

LSD 0.05 least statistical difference at 5% probability

hand, the mandarin seedlings gave the highest growth rate
with the application of acetamiprid followed by abamectin
and JA. (Table 2).

Concerning number of leaves/seedling, a positive sig-
nificant effect was observed in lime seedlings by thiameth-
oxam treatment (36.33) followed by JA application (32.33),
higher than that of the other treatments. On the other hand,
the application of acetamiprid and JA recorded the highest
number of leaves/seedling (45.67and 44.33, respectively)
in mandarin.

The application of JA positively affected shoot fresh and
dry biomass of mandarin seedlings, meanwhile, JA came
second in root fresh and dry weights. However, the trend
changed in lime, where Acetamiprid showed the highest
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Table 2 Effect of selected novel pesticides and Jasmonic acid on growth rate, shoot fresh weight, shoot dry weight, root fresh weight, root dry
weight and leave number per seedling of mandarin and lime seedlings under leafminer infestation

Species Treatments Traits
GR SFW (mg) SDW (mng) RFW (mg) RDW (mg) LN

Mandarin ~ Control 2.14+0.12°8 33674203 1401 +1.06  16.33+0.33°A 9.42+0.76"4 3933 +1.76>4
Abamectin 2.69+0.11%8  20.00+4.16**  13.56+1.56%  22.67+0.67* 13.44+1.29%%  34.00+0.58%A
Thiamethoxam ~ 2.03+0.18%B  31.67+2.19**  13.20+1.21%%  18.67+0.88%4 8.58+1.27%A  39.67+0.33%cA
Acetamiprid 38340258 31.33+0.67%"  12.96+0.80%*  14.67+0.33%* 8.14+0.41%  45.67+2.85%
Jasmonic acid ~ 2.25+0.22°F  3500+0.58*"  13.86+0.85*"  20.33+1.45™A  11.9+0.94"" 443341864

Lime Control 3.62+0.16*  18.97+0.03%B 8.53+0.05°8  4.67+0.33%B 2.66+0.14*8  28.67+0.67°F
Abamectin 4.59+0.09*"  15.47+0.28%B 751+0.11%8  4.334+0.33%8 2.68+0.33*8 25334033
Thiamethoxam ~ 4.73+0.16>*  17.85+0.13%B 7.95+0.08%B 3.67+0.33%B 23340408 36.33+1.86%4
Acetamiprid 4.62+0.13**  20.76+0.06*8 9.79 +0.04B 6.00+0.00*8 3.41+0.13*8  28.00+1.15b%B
Jasmonic acid ~ 5.05+0.31%%  19.15+0.1>B 8.67+0.02%B 5.33+£0.33%8 3.12+0.43*8 3233423308

Values are means =+ standard error (n=3), different lowercase letters in columns within the same species indicate significant difference, different
uppercase letters indicate significant differences between cultivars within the same treatment

GR growth rate (shoot length/root length), SFW shoot fresh weight, SDW shoot dry weight, RFW root fresh weight, RDW root dry weight, LN

leaf number per seedling
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Fig. 1 Averages of total chlorophyll and carotenoids contents in lime
and mandarin species under different treatments of pesticides and
jasmonic acid. CON control, ABA Abamectin, THI Thiamethoxam,
ACE Acetamiprid and JA Jasmonic acid. Different lowercase letters
on the same colored bars within the same species indicate significant
differences (n=3), different uppercase letters indicate significant dif-
ferences between the two species within the same treatment (¢ test,
a=0.05)

values for shoot and root fresh and dry weights followed by
JA (Table 2).

Physiological Characteristics
Total Pigments

The highest value of total pigments in lime seedlings were
in the untreated plants (Fig. 1). Differently, the total pigment
content reached its highest values in mandarin seedlings
when they treated with abamectin, followed by acetamiprid
and both of thiamethoxam and JA under leafminer infes-
tation. In this regard, the chlorophyll a and b in untreated

mandarin seedlings seemed to be significantly affected by
infestation and showed a reduction of approximately half
of that of the treated seedlings. Regarding carotenoids con-
tent, JA, acetamiprid and abamectin treatments showed a
significant increase in mandarin seedling leaves. However,
carotenoids took a different route in lime seedlings; where
its highest content was in untreated plants, while the lowest
was in the thiamethoxam-treated seedlings.

Osmolytes
Soluble Proteins

Mandarin seedlings treated with JA had a significantly
greater amount of soluble proteins (54.83 mg g~! DW) than
seedlings in the other treatment groups. However, no sig-
nificant differences were observed among the different treat-
ments in lime (Fig. 2).

Amino acids

As shown in Fig. 2, the maximum content of total free amino
acids (TFAA) in mandarin was under acetamiprid treatment
(26.33 mg g~! DW). Meanwhile, JA caused the maximum
mean of TFAA in lime (32.06 mg g~! DW) followed by
equal values of acetamiprid and control (29.23 mg g~! DW).

Proline Content

The free proline content of mandarin seedlings significantly
ranged from 0.42 to 0.56 mg g~' DW under abamectin and
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Fig.2 Averages of amino acids and total proteins concentration (pri-
mary Y axis) and proline content (secondary Y axis) in lime and
mandarin species under different treatments of pesticides and jas-
monic acid. CON control, ABA Abamectin, THI Thiamethoxam,
ACE Acetamiprid and JA Jasmonic acid. Different lowercase letters
on the same colored bars within the same species indicate significant
differences (n=3), different uppercase letters indicate significant dif-
ferences between the two species within the same treatment (¢ test,
a=0.05)
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Fig.3 Averages of total phenolics and flavonoids concentrations in
lime and mandarin species under different treatments of pesticides
and jasmonic acid. CON control, ABA Abamectin, THI Thiameth-
oxam, ACE Acetamiprid and JA Jasmonic acid. Different lowercase
letters on the same colored bars within the same species indicate sig-
nificant differences (n=3), different uppercase letters indicate signifi-
cant differences between the two species within the same treatment (¢
test, a=0.05)

JA treatments, respectively. In contrast, proline content in
lime seedlings was similar among all treatments (Fig. 2).

Antioxidants

Total flavonoid contents in mandarin seedlings increased
due to acetamiprid and JA (1.8 and 1.73 mg g~ DW, respec-
tively). Also, total phenolics showed the same response with
a maximum mean of 3.64 mg g~' DW under acetamiprid
followed by 2.9 mg g~! DW due to JA. On the other hand,
thiamethoxam significantly decreased the total phenolics to
1.2 mg g~! DW (Fig. 3). In lime, the total antioxidants made
an arch under the insecticide treatments with the maximum
total phenolics under acetamiprid with 5. 28 mg g~! DW
(Fig. 3).
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The two citrus species used in the present study showed
significant differences between each other, as resulted by
T-test, in all morphological traits under all treatments with
exception of leaf number under THI. In contrast, physiologi-
cal traits differed in showing variation between the two spe-
cies depending on trait and treatment. In this regard, both
amino acid and protein content showed significant differ-
ences between species. In addition, the two species were sig-
nificantly different under all treatments in total phenolics and
flavonoids except under ACE and under control and THI,
respectively. However, significant differences were observed
between species in total chlorophyll and carotenoids only
under control. Moreover, no significant differences were
detected in proline across all treatments.

Discussion

The most perceived trends in the study were; first, that the
most well-defined reduction percentage was noticed in
mandarin rather than a lime, in which the later was more
interactive with treatments specially JA. Second, JA was
the most potent compound among the tested compounds
which exhibited its effects from the 3rd day after treatment.
Third, abamectin was the most powerful pesticide among
the selected pesticides followed by thiamethoxam and
acetamiprid.

In agreement to our findings, Knapp et al. (1995) and
Jacas et al. (1997), reported that the differences in suscep-
tibility between various citrus species seemed to be associ-
ated with the pattern of flushing of the trees. In our results,
most of vegetative growth parameters were affected by
leafminer infestation. For instance, the wounded leaves in
mandarin seedlings crumpled and became chlorotic and then
necrotic as a result of the leafminer infestation. Additionally,
the number of leaves decreased in untreated plants due to
leafminer effect. These results are in agreement with those
of Pena et al. (1996), Knapp et al. (1993) and Patil (2013).

In the present study, JA had a significant effect on
leafminer reduction rather than the other tested pesticides.
However, there are lack of previous data on the effects of JA
on citrus leafminer in mandarin and lime. There were certain
studies on the effects of JA on different species of leafminer
and other pests in other plant species. In this regard, Black
et al. (2003) found that significantly fewer agromyzid
leafminer adults emerged from celery plants sprayed with
JA compared to control plants. In another study, Fouad and
Khalil (2016) revealed that JA at 1.141 pM showed a good
reduction (36.24 and 45.05% in two successive seasons) of
the tomato leafminer, Tuta absoluta (Meyrick), on tomato
plants under field conditions. Furthermore, results of the
previous study on tomato showed that foliage spraying of
chemical elicitors such as JA or methyl JA represents a
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practical way to manipulate induced resistance. Many other
studies confirmed the effect of JA on different insect pests
(Inbar et al. 1998; Thaler 1999a, b; Omer et al. 2000, 2001).

Maserti et al. (2011) reported that methyl jasmonate
(MelJA) is playing a key role as a defense mechanism of
citrus to insect/arthropod attack. Significant variations were
observed on mite infestation in citrus leaves after the treat-
ment of MeJA, reflected by a difference of 43 protein spots
due to the treatment compared to untreated plants.

However, other studies indicated that plant volatiles
induced by JA repelled aphids from plants in field trials
which indicated that JA induced pest resistance in wheat
and may involve in resistance mechanism of wheat against
insect herbivores (El-Wakeil et al. 2010; Slesak et al. 2001).
After facing abiotic and/or biotic stresses, specific mecha-
nisms are stimulated including; ion channels and kinase
cascades (Fraire-Velazquez et al. 2011), accumulation of
reactive oxygen species (ROS) (Laloi et al. 2004) and some
phytohormones like JA (Spoel and Dong 2008). In addition,
a reprogramming of the genetic mechanism results occurred
in sufficient defense reactions to elevate plant tolerance to
reduce the stress caused damages (Fujita et al. 2006). This
information is in accordance with our results, as JA treat-
ment enhanced the most vegetative growth and physiological
parameters in mandarin seedlings. This might be due to the
phytohormone nature of JA that allows plants to face attack
by insects (Chamberlainet al. 2000).

Jasmonic acid is an essential signaling molecule which
coordinates many cellular activities. In the presence of JA or
its bioactive derivatives, some proteins that serve in switch
on/off signaling are degraded, making some transcription
factors free to involve in expression of specific sets of JA-
responsive genes, thereby promoting physiological activity
(Memelink 2009).

In the present study, an efficient role of JA was observed
on some primary metabolites in Citrus aurantifolia. Solu-
ble proteins and total free amino acids were negatively
affected by the leafminer equally in the presence or absence
of insecticides. However, these metabolites were improved
under JA treatment. On the contrary, proline and phenolic
compounds including flavonoids were reduced under JA
treatment. These results correspond well with data reported
by Weidhase et al. (1987) who found that JA application
induced accumulation of several proteins, which involved
in the degradation of rubisco protein. In the present study,
Citrus reticulata showed different responses that, most of
investigated metabolites were increased under JA. Gund-
lach et al. (1992) found that JA induced accumulation of
secondary metabolites and de novo transcription of defense-
related genes, such as phenylalanine ammonia lyase (PAL),
in plant cell cultures. This reaction is catalyzed by PAL and
is commonly regarded as a key step in the biosynthesis of
phenolic compounds (Rosler et al. 1997). These findings

demonstrated the integral role of JA in a general signal trans-
duction system regulating inducible defense responses in
plants which endorsed the results of the present study.

In conclusion, the biological activity of JA observed in
our study gives a realistic reason to integrate it in the pest
management programs as an alternative product for con-
trolling P. citrella. However, further investigation should
be conducted to demonstrate its effect on natural enemies,
honeybees, and humans. Finally, these control strategies are
important and need to be included in making pest manage-
ment related decisions. Implementation of IPM (Integrated
Pest Management) or ecological based pest management
relies on the knowledge that stability in biological systems
relies on feedback between organisms.

Compliance with Ethical Standards

Conflict of interest On behalf of all authors, the corresponding author
states that there is no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Annual Reports of Statistical Institute and Agricultural Economic
Research in Egypt (2013)

Arshad M, Ullah MI, Qureshi JA, Afzal M (2018) Physiological effects
of citrus leafminer Phyllocnistis citrella (Lepidoptera: Gracillari-
idae) larval feeding on photosynthetic and gaseous exchange rates
in Citrus

Bates LS, Waldren RP, Teare ID (1973) Rapid determination of free
proline for water stress studies. Plant Soil 39:205-207

Black CA, Karban R, Godfrey LD, Granett J, Chaney WE (2003) Jas-
monic acid: a vaccine against leafminers (Diptera: Agromyzidae)
in Celery. Environ Entomol 32(5):1196-1202

Chamberlain K, Pickett JA, Woodcock CM (2000) Plant signaling
andinduced defense in insect attack. Mol Plant Pathol 1:67-72

Demole E, Lederer E, Mercier D (1962) Isolement et détermination
de la structure du jasmonate de méthyle, constituant odorant
charactéristique de I’essence de jasmin. Helvetica Chim. Acta
45:675-685

El-Wakeil NE, Volkmar C, Sallam A (2010) Jasmonic acid induces
resistanceto economically important insect pests in winter wheat.
Pest Manag Sci 66(5):549-554

El-Wakeil NE (2003) New aspects of biological control of Helicoverpa
armigera in organic cotton production. PhD disseration Goerg

@ Springer


http://creativecommons.org/licenses/by/4.0/

830

Journal of Plant Growth Regulation (2021) 40:824-830

August University, Germany, p 140. https://webdoc.sub.gwdg.
de/diss/2003/el-wakeil/index.html

FAOSTAT (2014) Food and agriculture organization of the United
Nations Statistics Division

Fletcher E, Morgan KT, Qureshi JA, Leiva JA, Nkedi-Kizza P (2018)
Imidacloprid soil movement under micro-sprinkler irrigation and
soil-drench applications to control Asian citrus psyllid (ACP) and
citrus leafminer (CLM). PLoS ONE 13(3):e0192668

Fouad HA, El-Gepaly HM, Fouad OA (2016) Nanosilica and jasmonic
acid as alternative methods for control Tuta absoluta (Meyrick) in
tomato crop under field conditions. Arch Phytopathol Plant Prot
49(13-14):362-370

Fraire-Velazquez S, Rodriguez-Guerra R, Sanchez-Calder6n L, (2011)
Abiotic and biotic stress response crosstalk. In: Shanker A (ed)
Plants-physiological, biochemical and genetic perspectives.
InTech Open Access Company, Rijeka, pp 1-26

Fujita MY, Fijita Y, Noutoshi F, Takahashi Y, Narusaka K, Yamaguchi-
Shinozaki K, Shinozaki K (2006) Crosstalk between abiotic and
biotic stress responses: a current view from the points of con-
vergence in the stress signaling networks. Curr Opin Plant Biol
9:436-442

Goane L, Casmuz A, Salas H, Willink E, Mangeaud A, Valladares G
(2015) Impact of natural control agents of the citrus leafminer
Phyllocnistis citrella on lemon trees varies among seasons. Bull
Entomol Res 105(6):685-693

Gundlach H, Miiller MJ, Kutchan TM, Zenk MH (1992) Jasmonic acid
is a signal transducer in elicitor-induced plant cell cultures. Proc
Natl Acad Sci USA 89:2389-2393

Henderson CF, Tilton EW (1955) Test with acaricides against the
brown wheat mite. J] Econ Entomol 48:157-161

Hoagland DR, Arnon DI (1950) The water—culture method for growing
plants without soil

Inbar M, Doostdar H, Sonoda RM, Leibee GL, Mayer RT (1998) Elici-
tors of plant defensive systems reduce insect densities and disease
incidence. J Chem Ecol 24:135-149

Jacas J, Garrido A, Margaix C, Forner J, Alcaide A, Pina J (1997)
Screening of different citrus rootstocks and citrus- related spe-
cies for resistance to Phyllocnistis citrella (Lepidoptera: Gracil-
lar- iidae). Crop Prot 16:701-705

Khan HU, Khan RA, Ahmad M, Mushtaq N, Rashid M, Muhammad
N (2014) Phytotoxic potential of methanolic extract of cardia
obaliqua. Altern Integ Med 3:150. https://doi.org/10.4172/2327-
5162.1000150

Knapp J, Pena J, Stansley P, Heppener J, Yong Y (1993) Citrus leaf
miner, a new pest of citrus in Florida. Citrus Ind 74:42-44

Knapp JL, Albrigo LG, Browning HW, Bullock RC, Heppner JB,
Hall DG, Hoy MA, Nguyen R, Pefia JE, Stansly PA (1995) Cit-
rus Leafminer, Phyl- locnistis citrella Stainton: current Status in
Florida. Coop. Ext. Serv., Univ. Flori- da, Gainesville, p 26

Laloi C, Appel K, Danon A (2004) Reactive oxygen signalling: the
latest news. Curr Opin Plant Biol 7:323-328

Lee YP, Takahashi T (1966) An important colorimetric determina-
tion of amino acids with the use of ninhydrine. Anal Biochem
14:71-77

Lichtenthaler HK (1987) Chlorophylls and carote- noids: Pigments of
photosynthetic biomembra- nes. Methods Enzymol 148:350-382

Lowry CH, Rosebrought NK, Farr AL, Randall RG (1951) Pro-
tein mesurment with the folin phenol reagent. J Biol Chem
193:256-275

Maserti BE, Del Carratore R, Della Croce CM, Podda A, Migheli Q,
Froelicher Y, Luro F, Morillon R, Ollitrault P, Talon M, Rossignol
M (2011) Comparative analysis of proteome changes induced by

@ Springer

the two spotted spider mite Tetranychus urticaeand methyl jas-
monate in citrus leaves. J Plant Physiol 168(4):392-402. https://
doi.org/10.1016/j.jplph.2010.07.026

Memelink J (2009) Regulation of gene expression by jasmonate hor-
mones. Phytochem 70:1560-1570

Omer AD, Granett J, Karban R, Villa EM (2001) Chemically-induced
resistance against multiple pests in cotton. Int J Pest Manag
47:49-54

Omer AD, Thaler JS, Granett J, Karban R (2000) Jasmonic acid
induced resistance in grapevines to a root and leaf feeder. J Econ
Entomol 93:840-845

Patil SK (2013) Evaluation of insecticides against citrus leaf miner,
Phyllocnistis citrella Stainton in acid lime. Pest Manag Hortic
Ecosyst 19(2):237-239

Pena JE, Duncan R, Browning H (1996) Seasonal abundance of Phyl-
locnistis citrella (Lepidoptera: Gracillariidae) and its parasitoids
in Southern Florida citrus. Environ Entomol 25:698-702

Rosahl S, Feussner 1 (2004) Oxylipins. In: Murphy DJ (ed) Plant
lipids: biology, utilisation and manipulation. Black-well, Oxford,
pp 329-454

Rosler J, Krekel F, Amrhein N, Schmid J (1997) Maize phenylalanine
ammonia-lyase has tyrosine ammonia-lyase activity. Plant Physiol
113:175-179

Salama HMH, Al-Rabiah HKA (2015) Allelopathic activity of Citrul-
lus colocynthis on Vicia faba and Hordeum vulgare. Eur J Biol
Res 5(2):25-35

Sampietro DA, Catalan CAN, Vattuone MA (2009) Isolation, identi-
fication and characterization of allelochemicals natural products.
Science Publishers, Enfield

Institute SAS (2003) User manual for SAS for window version 8. SAS
Institute, Cary

Institute SAS (2008) The SAS System for Windows, release 9.2. SAS
Institute, Cary

Slesak E, Slesak M, Gabrys B (2001) Effect of methyl jasmonate
onhydroxamic acid content, protease activity, and bird cherry—oat
aphid Rhopalosiphum padi(L.) probing behavior. J] Chem Ecol
27:2529-2543

Spoel SH, Dong X (2008) Making sense of hormone crosstalk during
plant immune response. Cell Host Microbe 3:348-351

Steel RG, Torrie J (1980) Principles and procedures of statistics: a
biological approach, 2nd edn. McGraw-Hill Book, New York

Thaler JS (1999a) Induced resistance in agricultural crops: effects of
jasmonic acid on herbivory and yield in tomato plants. Environ
Entomol 28:30-37

Thaler JS (1999b) Jasmonic acid mediated interactions between plants,
herbivores, parasitoids, and pathogens: a review of field experi-
ments in tomato. In: Chadwick DJ, Goode JA (eds) Insect-plant
interactions and induced plant defense. John Wiley, West Sussex,
pp 319-334

Weidhase RA, Kramell HM, Lehmann I, Liebisch HW, Lerbs W, Parth-
ier B (1987) Methyl jasmonate-induced changes in the polypeptide
pattern of senescing barley leaf segments. Plant Sci 51:177-186

Xu MJ, Dong J, Zhu MY (2005) Nitric oxide mediates the fungal
elicitor-induced hypericin production of Hypericum perforatum
cell suspension cultures through a jasmonic acid dependent signal
pathway. Plant Physiol 139(2):991-998

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://webdoc.sub.gwdg.de/diss/2003/el-wakeil/index.html
http://webdoc.sub.gwdg.de/diss/2003/el-wakeil/index.html
https://doi.org/10.4172/2327-5162.1000150
https://doi.org/10.4172/2327-5162.1000150
https://doi.org/10.1016/j.jplph.2010.07.026
https://doi.org/10.1016/j.jplph.2010.07.026

	Citrus Leafminer Management: Jasmonic Acid versus Efficient Pesticides
	Abstract
	Introduction
	Materials and Methods
	Plant Materials and Growth Conditions
	Tested Compounds
	Infestation Parameters
	Vegetative Parameters
	Physiological Parameters

	Statistical Analysis

	Results
	Reduction of Leafminer Infestation
	Morphological Characteristics
	Physiological Characteristics
	Total Pigments

	Osmolytes
	Soluble Proteins
	Amino acids
	Proline Content
	Antioxidants


	Discussion
	References




