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ABSTRACT

The present experiments were conducted to study the effect of different solanaceous host plants on
the population density of the leafhoppers and planthoppers according to the morphological diversity of
host surface and phytochemical composition on the preference behaviour of the insect pests. The
leafhoppers, Empoasca decipiens and Empoasca decedens preferred eggplant as a host plant followed by
tomato and pepper by using the three methods (leaf sample, yellow sticky traps, sweep net) during the
two seasons. Meanwhile, Cicadulina chinai preferred tomato followed by eggplant and pepper by using
the different methods. While, Balcutha hortensis preferred pepper followed by eggplant and tomato. On
the other hand, the planthoppers, Sogatella futcifera preferred eggplant followed by pepper and tomato.
Statistical analysis revealed that highly significant differences were recorded between the three host
plants during the two seasons according to the average number of different leafhoppers and planthoppers
by using the three sampling methods. The insect population varied among leaf surface morphological
characters. The Scanning Electron Microscope pictures revealed that, the trichome type was non-
glandular in eggplant and tomato, while in pepper was hairiness. Population density exhibited
significantly of trichome length on eggplant, whereas had less significantly on tomato leaves with higher
hair density. Peppers, with no trichome had the lowest population of insect. Depending on the analysis of
phytochemical composition of plant leaves, a highly positive correlated leafhopper and plant hoppers
with higher ratios was found for the total protein, total nitrogen, a-esterase, - esterase and Glutathione S-

transferase (GST).
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INTRODUCTION

In Egypt, the solanaceous crops (i.e. tomatoes,
pepper and eggplants) are the most important vegetables
for the consumption and for the export market. Piercing-
sucking pests are attacking these crops and causing
economic losses, either directly by sucking plant juice
or indirectly as vector transmitting plant viral diseases.

Several species of leafhoppers (belong to family
Cicadellidae) is common and serious pests, which they
both phytophagus and vectors of diseases cause a damage
in plant by feeding the plant stems and leaves and attacking
different vegetable crops (Watkins & Lane, 2005).

Development of resistant varieties to the insect
pests is an important strategy of integrated crop
management (Gaikwad et al., 1991). The recognition of
physical and morphological characteristics of resistant
varieties may lead to introduction of resistance character in
favored genotypes. The resistant genotypes had more hairs
than the susceptible ones (Uthamasamy, 1985). The plant
defenses can be direct or indirect, the direct ones are those
in which only the plant take place in antagonistic
interactions include those plant structures (the tissue
hardness, pubescent, glandular and non-glandular
trichomes) that serve as protection the plant against
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arthropod (Howe and Jander, 2018). Also, those allele
chemicals contained in plant tissues exhibiting antifeedant,
toxic, or repellent effects arthropods that attack such as
cyanogenic glycosides, digestive enzyme inhibitors,
lectins, glucosinolates, and terpenoids, alkaloids (Smith,
2010).

Trichomes are specialized epidermal cells present
on plant surface, trichomes may also complement the
chemical defense of a plant by possessing glands which
exude terpenes, phenolic, and alkaloids, etc. Insects are
forced to overcome the challenges posed by various plant
surfaces, either behaviorally or morphologically
adaptations, to live and reproduced plants (Southwood,
1986).

leaf features may impact the preference and
performance of herbivores (Gianoli and Hannunen,
2000) and consequently affect the herbivore aggregations
(Peeters, 2002). On the other hand, they can provide
shelter to hide behind and find more prey or provide a
more efficient path to reach prey (Dicke and Sabelis,
1988).

The present work was carried out on the
leafhoppers and plant hoppers infesting solanaceous crops
(e.g. tomato, pepper and eggplant) cultivated in Gharbia
Governorate, during 2017 and 2018 seasons. The study
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aimed to observe the morphological diversity of trichomes
and phytochemicals in cultivated crops against leaf hopper
insects. In addition to, Analyzing  the chemical
composition of host plant leaves and its effect on the
population density of the leaf hoppers and planthoppers.

MATERIALS AND METHODS

Study location and layout of the experiment

The present experiments were carried out in Zefta,
Gharbia governorate on the leafhoppers and planthoppers
infesting tomato, pepper and eggplant cultivated in summer
plantation during two successive seasons (2017 and 2018).

The studies crops varieties seed of tomato
Lycopersican esculentum Mill. were 086 hyprid, pepper
Capcicum annum L. var. Mohanad, and eggplant Solanum
melongena L. var. Dai El-Kamar. The studied crop seeds
were shown in nursery on the 4" week of March for the
two seasons of 2017 and 2018.

An experimental area ca. 1200 m® was divided into
12 plots and each plot considered a replicate with an area
of 100 m% Each replicate consisted of seven rows, each 1
m wide and 10 m long and transplanted in the first week of
May for the two seasons (2017 and 2018). For each crop,
four replicates were distributed in a randomized complete
block design. Normal agricultural practices without any
insecticides were done throughout the whole season.
Population density

The population densities of the leafhopper and
planthopper insect pests were investigated by different
collecting methods:

A- Leaf sample:

The samples of plant leaves were collected during
the summer season of the studied crops (e.g. tomato,
pepper and eggplant) 4™ weeks old after transplantation.
The leaves for each host plant were picked weekly at
random from three levels of upper middle and lower parts
of the plants. Samples of 25 leaves for each replicate (100
leaves for each crop) were picked in tightly closed paper
bags with a piece of cotton saturated with either for
anesthetizing the collected insects. The bags were
transferred to the laboratory in the same day for inspection
by a binocular microscope. The adult and immature stages
on both leaf surfaces were counted and recorded.

B- Sweep net:

The sweep net was made from the muslin cloth
(30cm in diameter and 60cm in deep). Two rapid strokes of
across direction were performed over the plants every two
steps, the sweep net was used after the 4™ week of planting.
Twenty five double strokes were performed in two
diameters at a cross direction in each replicate (100 double
strokes for each crop). The collected insects were
transferred in plastic bags containing with a piece of cotton
saturated with either for anesthetizing the collected insects
were transferred to the laboratory for inspection according
to Hegab et al. (1989).

C- Sticky traps:

The traps used in this study were constructed from
yellow cardboard and coated by insect adhesive (stickers),
were held by small wooden stick. The traps with 10 x 20
cm to captured the highest number of the insect, the
method constructed by Afsha et al. (2015). The traps were
released every week to attract adult insects. All the traps

were constructed 20 cm above the surface of plant with 4
traps for each replicate (16 traps for each crop). The traps
were transferred to the laboratory and the number of the
insect caught was counted and recorded.

Identification of the collected insect species

The taxonomic identification of the insect was done
in Piercing and Sucking Insect Research Department, Plant
Protection Research Institute.

Chemical constituents of cultivated tomato, pepper and
eggplant

To explain the relationship between certain
chemical constituents of tomato, pepper and eggplant and
the population density of the leafhoppers, chemical
analysis of different host plants were carried out on
physiologically Research Department, Plant Protection
Research Institute.

Plant samples were taken at random from each
replicate at the start of flowering and oven dried at 60 °C
tell constant weight. The dried plants were finally
grounded and digested with mixture of per chloric acid and
nitric acid to determine the total protein, carbohydrate
contents, pH value, phosphorous, calcium, potassium ,
nitrogen, total phenolic and flavonoids contents in each
host plant according to Kang et al. (2012).

The supernatant was immediately frozen for future
enzyme activity assays Ni et al., (2001). The total proteins
were determined by the method of Jones et al. (1991). Total
carbohydrates were estimated in acid extract of sample by
the phenol-sulphuric acid reaction of Dubois et al., (1956).

Total carbohydrates were extracted and prepared
for assay according to Crompton and Birt (1967). The total
phenolic was performed and described by kahkénen et al.,
(1999). Alpha esterase (o-esterase) and beta esterase (B-
esterase) were determined according to Van Asperen
(1962). Glutathione S-transferase (GST) catalyzes the
conjugation of reduced glutathione (GSH) with 1-chloro 2,
4-dinitrobenzene (CDNB) via the -SH group of
glutathione. The conjugate, S-(2,4-dinitro-phenyl)-L-
glutathione could be detected and described by the method
of Habig et al., (1974).

Morphological diversity of trichomes in cultivated
crops

For each test plant, 15 fully developed fresh leaves
were collected randomly,were kept in polythene covered
inside ice box and brought to the laboratory for further
studies. A Cork borer (0.5 cm diameter) was used to
punch a disc of leaf and three such leaf discs were
taken randomly from each leaf for trichome studies.
Discs of leaves of all the species of crops were subjected to
SEM analysis to better understand the morphological
structure of different types of trichomes (length, thickness,
and density of trichomes) and stomata.

The Scanning Electron Microscope for samples.
Using SEM Model Quanta 250 FEG (Field Emission Gun)
attached with EDX Unit (Energy Dispersive X-ray
Analyses), with accelerating voltage 30 K.V,
magnification14x up to 1000000 and resolution for
Gun.1n) in Central Laboratories Sector, the Egyptian
Mineral Resources Authority, the Ministry of Petroleum.
Trichome density was measured by using the software
created by Bakr (2005).
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Statistical analysis

The obtained data were analyzed using one-way
ANOVA (CoState), and means were compared using
Duncan’s Multiple Range Test (Duncan, 1955).

RESULTS AND DISCUSSION

The results illustrated in Table (1) showed the
average number of the leafhoppers and planthoppers on
different host plants. These numbers were estimated by the
leaf sample method during the two successive seasons
(2017 and 2018) in Gharbia governorate. The leafhopper
Empoasca decipiens (Paoli) came in the first category and
recorded the highest average number on the different host
plants during the two seasons and presented by 85.2, 49.2
and 19.3 individuals on eggplant, tomato and pepper
during the first season 2017, respectively. During the

second season 2018, it represented by 106.4, 58.6, and 13.5
individuals on the three host plants, respectively. The
leafhopper, Empoasca decedens (Poali) ranked the second
class and represented by 39.7, 26.8 and 12.9 individuals in
the first season and 51.6, 24.3 and 6.8 individuals in the
second season 2018 on the three host plants, respectively.

On the other hand, Balclutha hortensis (Lindb)
came in the last category and represented by 11.3, 6.2 and
18.1 individuals in the first season 2017 and 12.6, 5.8 and
19.6 individuals during the second season of 2018 on the
three host plants, respectively. It can be noticed that
eggplant as a host plant attracted the highest percentage of
the insect pests during the two seasons (48.8 and 53.9 %)
followed by tomato (31.3 and 30.3 %) and pepper attracted
the lowest percentage of occurrence (19.9 and 15.8 %) by
using leaf sample method, respectively.

Table 1. The average number of leafhoppers and planthoppers on different host plants by leaf sample method
during 2017 and 2018 seasons in Gharbia governorate.

Insect species Season 2017 Season 2018

Eggplant Tomato Pepper Eggplant Tomato Pepper
Empoasca decipiens 85.2a 49.2b 193¢ 1064 a 58.6 b 135¢
Empoasca decedens 39.7a 26.8b 129c¢ 51.6a 24.3b 6.8¢
Cicadulina chinai 151b 255a 77¢c 176D 28.2a 88¢c
Balclutha hortensis 113D 6.2c 18.1a 126Db 58¢ 196a
Sogatella futcifera 29.2a 79¢ 158b 37.2a 98¢ 17.7b
Total 180.5 115.6 738 2254 126.7 66.4
Occurrence % 48.8 313 19.9 53.9 30.3 15.8

Means followed by different letters in a raw for each season are significantly different at 5% probability level

The data arranged in Table (2) showed the average
number of leafhoppers and planthoppers on the different
solanaceous host plants. These humbers were estimated by
the yellow sticky traps during the two seasons. Also, E.
decipiens ranked the first category and recorded the highest
average number and presented by 109.4, 82.3 and 34.0
individuals in the first season and 131.7, 87.9 and 37.9
individuals in the second season on eggplant, tomato and

pepper, respectively. Moreover, E. decipiens came in the
second class and presented 56.9, 33.1, and 21.3 individuals
in the first season and 52.4, 37.2, and 20.7 individuals in the
second season on the three host plant, respectively. It can be
noticed that eggplant attracted the highest percentage of
occurrence by using tallow sticky trap method during the
two seasons (45.8 and 46.1 %) followed by tomato (32.1 and
32.4 %) and pepper (22.1 and 21.5 %), respectively.

Table 2. The average number of leafhoppers and planthoppers on different host plants by yellow sticky traps
method during 2017 and 2018 seasons in Gharbia governorate.

I t . Season 2017 Season 2018

nsect species Eggplant Tomato Pepper Eggplant Tomato Pepper
Empoasca decipiens 1094 a 82.3b 340c 131.7a 87.6b 379¢
Empoasca decedens 56.9a 331b 213c¢ 524 a 37.2b 20.7¢
Cicadulina chinai 21.3b 39.2a 113c 209D 408a 131c
Balclutha hortensis 246D 158¢ 320a 27.2Db 16.7¢ 339a
Sogatella futcifera 49.7a 134c 274D 52.1a 175¢ 26.7b
Total 2619 183.8 126.0 284.3 199.8 1323
Occurrence % 45.8 32.1 22.1 46.1 324 215

Means followed by different letters in a raw for each season are significantly different at 5% probability level

As shown in Table (3) the same trend of the results
were recorded by using sweep net method. Data revealed
that E. decipiens showed the highest average number
followed by E. decedens and E. chinai. On the other hand,
B. hortensis recorded the lowest average number followed
by the planthopper, Sogatella futcifera (Horv.) during the

two seasons. Moreover, by using sweep net method also
eggplant attracted the highest percentage of occurrence
(42.3 and 44.9 %) followed by tomato (34.0 and 34.2 %)
and pepper attracted the lowest percentage (23.7 and 20.9
%) during the two seasons, respectively.
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Table 3. The average number of leafhoppers and planthoppers on different host plants by sweep net method
during 2017 and 2018 seasons in Gharbia governorate.

Insect species Season 2017 Season 2018

Eggplant Tomato Pepper Eggplant Tomato Pepper
Empoasca decipiens 236.2a 168.6 b 99.2¢ 291.7a 173.0b 63.7¢c
Empoasca decedens 166.4a 91.3b 51.6¢c 1625a 99.1b 493¢
Cicadulina chinai 87.0b 173.1a 379¢ 924b 185.6a 416¢
Balclutha hortensis 39.2b 37.3b 93.7a 451b 384b 97.8¢
Sogatella futcifera 113.7a 46.3¢ 77.3b 124.1a 495¢ 8l.2¢c
Total 642.5 516.6 359.7 715.8 545.6 3336
Occurrence % 42.3 34.0 23.7 44.9 34.2 20.9

Means followed by different letters in a raw for each season are significantly different at 5% probability level

Results presented in Table (4) revealed to the total
average number of the leafhoppers and planthoppers and
the occurrence percentage by different methods during the
two seasons. Eggplant as a host plant attracted the highest
numbers by using the three methods during the two
seasons followed by tomato and pepper. Moreover, sweep

net method collected the highest percentage of occurrence
during the two seasons (61.8 and 60.6 %) followed by
yellow sticky traps (23.2 and 23.5 %) and the leaf sample
method collected the lowest percentage of occurrence (15.0
and 15.9 %).

Table 4. The total average number of leafhoppers and planthoppers as well as the occurrence percentage collected
by the different methods during seasons 2017 and 2018 in Gharbia governorate.

. Season 2017 Season 2018
Insect species Leaf samples Sticky traps Sweep net Leaf samples Sticky traps Sweep net
Egg plant 180.5 261.9 642.5 2254 284.3 715.8
Tomato 115.6 183.8 516.6 126.7 199.8 545.6
Pepper 73.8 126.0 359.7 66.4 132.3 333.6
Total 369.9 571.7 1518.8 4185 616.4 1595.0
Occurrence % 15.0 23.2 61.8 15.9 235 60.6

As a conclusion, data arranged in Tables (1-4)
revealed that the leafhoppers, E. decipiens and E. decedens
preferred eggplant as a host plant followed by tomato and
pepper by using the three methods (leaf sample, yellow
sticky traps, sweep net) during the two seasons.
Meanwhile, Cicadulina chinai (Ghauri) preferred tomato
followed by eggplant and pepper by using the different
methods. While, B. hortensis preferred pepper followed by
eggplant and tomato. On the other hand, the planthoppers,
S. futcifera preferred eggplant followed by pepper and
tomato. Statistical analysis revealed that highly significant
differences were recorded between the three host plants
during the two seasons according to the average humber of
different leafhoppers and planthoppers by using the three
sampling methods. Depending on the percentage of insect
pest occurrence, sweep net recorded the highest percentage
followed by yellow sticky traps and the lowest percentage
of occurrence was recorded by leaf sample method. Similar
results were obtained by EI-Gindy (2003), Hashem et al.,
(2009) and Nabil et al. (2015).

Effect of plant leaf surface morphology and
phytochemicals analysis on population density of the
insect pests

This study was conducted to investigate the
relationship between plant leaf surface morphology and
certain chemical constituents of tomato, pepper and
eggplant with leafhoppers infestation.

Data in Table (5) and Fig. (1) showed that,
variation in physical structure of leaf surfaces of eggplant
had a trichome branched stellar ranging from 5-9, with
pointed tip agproximately 283.97uM in length and density
was 9 in mm<, while trichome thickness was 16.9 pM.

Whereas, tomato trichomes were individuals in
close distance of each other with thickness 21.767 uM and

106 pM in length, where the density was 87.5 in mm?.
Regarding to the obtained results, the pepper leaf surface
has no trichomes (hairiness). In contrast, there was a
relationships between the physical structure of the plant
host and the population densities of insect pests. Whereas,
obtained results showed that, the studied insect pests were
highly recorded in eggplant followed by tomato and was
lowest in pepper. This results was similar to Naqgvi et al.
(2008), he stated that, jassid didn’t preferred hairiness or
even long hairs on the leaf surface indicating that there
might be oviposition hindrances. The above mentioned
results were declared by many scientists, Leite et al. (2001)
found that, leaf hopper preferred the host plant according to
its trichome density to find a suitable oviposition site so the
absence of trichomes on pepper leaf surface made it less
infected with insects than other plants. Also, higher tomato
trichome density can preclude natural enemies from
colonized this plant. On the other side, Clark and Messina
(1998) and Tianr et al. (2012) showed that the density of
trichome can affect the movement of parasitoids and
small predators especially at first contact. It can be
concluded that, Hair-like physical structures on plant
surface (Plant’s trichomes) may help plants to defend
themselves against herbivores (Moles and Westoby,
2000; Kennedy, 2003) by impeding insect walking,
feeding, and oviposition. Muhammad et al. (2016)
concluded that, the jassid not preferring hairiness or even
long hairs on the leaf surface indicating that there may be
oviposition hindrances observed by the leafhopper. As
similar type of results were observed by Naqvi et al.
(2008). Whereas, Marta Alvarez (2015) showed that
trichomes present in wild tomato species conferred
resistance to many taxa that may constitute pests, although
researches on tomato have been focused on Hemiptera.

Table 5. Variation in physical structure of leaf surfaces of different vegetable plant hosts

Trichome Trichome length Trichome Stoma Trichome density
Plant Species type gm thickness pm pm / mm?
P Mean Mean Width Length Mean
Eggplant i 283.970 16.9 4.286 8.489 9
Tomato Non-- glandular 106 21.767 2:304 19,69 875
Pepper 0 0 0 7.492 18.2625 0
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Figure 1.Plant leaf surface morphology: Eggplant (trichome length (A1), trichome thickness (A2), stoma length
(A3), stoma width (A4)), Tomato (trichome length (B1), trichome thickness (B2), stoma length (B3), stoma
width (B4)), and Pepper (stoma length (C1), stoma width (C2)).
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The effect of the chemical components of the
different host plants on population density of the studied
insect pests was observed in the Table (6). There were a
highly positive correlation of leafhopper occurrence with
higher ratios of the total protein, total nitrogen, a-esterase,
j3- esterase and Glutathione S-transferase (GST). However,
the leafhoppers and planthoppers were not related to the
total carbohydrate. While, there was a negative relation
between the insect infestation and the contents of phenoals,
potassium, phosphorus and the plant soap acidity (pH). The
related results to the relation between total carbohydrate
and insect infestation, it is concluded that, the high
infestation of insect in eggplant decreased the amount of
carbohydrate in the infested plant.

In the context of the obtained results, Bayoumy et
al. (2017) indicated that, the numbers of some piercing-
sucking insects were positively correlated with the higher
ratios of Pand K in eggplant leaves and lowest density of
insects in sweet pepper, it was due to the highest K levels
that can minimize the magnitude of cumulated amino acids.
The similar results were obtained by Leite et al. (2001)
revealed that, eggplant was the most suitable host for some
piercing-sucking insects. According to Jansson and Ekbom
(2002), there was positive relation between some piercing-
sucking insect infestation in the higher ratios of total
protein, total carbohydrates, Nitrogen, and in lower ratio
of K and P the high level of K.

Saleh and El-Shareef (2010) revealed that, with
increasing the phenol and pH value led to negative relation
with insect infestation.

Table 6. Phytochemicals analysis (%) of the different
host plants.

Chemical

constituents

Total carbohydrate

Total protein

Total phenolic

Host plants
Eggplant Tomato Pepper
87.7+280b 1157+48a 121.6+8.3a
449+090 a 364+04b 308x04c
23+010b 21+01b 34%01la

a-esterase 202.3+340a 1580+4.0b 137.3+1.8c
[3- esterase 2456+115a 201.3+3.7b 150.0+35¢
GST 645+130a 553+20b 483+09c
Nitrogen (N) 71+£0.10a 59+01b 52%01c

Potassium (K) 5120+5.70c 671+64b 865+30.1a
Phosphorus (P) 24+£0.05c 3.0+0.03a 27%0.07b
Calcium (Ca) 03+£0.02c 15+0.08b 39+02la

pH 3.8 3.9 4.5
Means followed by different letters in a raw for each season are
significantly different at 5% probability level

REFERENCES

Afsah A. F. E., Fargalla F.H., and Bayomi, F. (2015). The
impact of size, heights and positions of yellow sticky
traps on the attraction of the whitefly, Bemisia tabaci
(Gennadius). J. Plant Prot.and Path. Mansoura Univ.

Bakr, E. M. (2005). A new software for measuring leaf area,
and area damaged by Tetranychus urticae Koch.
Journal of Applied Entomology 129 (3), 173-175.

Bayoumy, M. H., Awadalla, S. S., EI-Gendy, M. A. and
El-Lawatay, N. E. (2017). Comparative
morphology and chemical composition of plant
leaf and their relation with population density of
certain piercing- sucking insect pests. J. Plant Prot.
and Path., Mansoura Univ., Vol. 8 (2): 31 —37.

Clark, T. L. and Messina, F. J. (1998). Plant architecture
and the foraging success of ladybird beetles
attacking the Russian wheat aphid. Entomologic
Experimental is Applicata, 86: 153-161.

Crompton, M. and Birt, L.M. (1967).changes in the
amounts of carbohydrates, phosphagen, and related
compounds during the metamorphosis of the
blowfly, Lucilia cuprina. J. Insect physiol.,
13:1575-1595.

Dicke, M. and Sabelis, M. W. (1988). How plants obtain
predatory mites as bodyguards.  Netherlands
Journal of Zoology, 38: 148-165.

Diversity and abundance of leafthoppers (Hemiptera,
Cicadellidae) in different crops

Dubios, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A.
and Smith, F. (1956). Colorimetric method for
determination of sugars and related substances.
Analyt. Chem., 28:350-356.

Duncan, D. B. (1955). Multiple range and multiple F. test.
Biometrics, 11: 1-42.

El-Gindy, (2002). studies on certain homopterous insect
vectors of plant pathogenic diseases. Ph.D. thesis
fac. Agric., Zagazig Univ.

Gaikwad, B. P., Darekar, K. S., and Chavan, U. D. (1991).
Varietal reaction of eggplant against jassid. J.
Maha. Agri. Uni. 16: 354-356.

Gianoli, E. and Hannunen, S. (2000). Plasticity of leaf
traits and insect herbivory in Solanum incanum L.
(Solanaceae) in Nguruman, SW, Kenya. African
Journal of Ecology 38: 183-187.

Habig, W.H., Pabst M. J. and Jakoby W.B. (1974).
Glutathione S-transferase. The first enzymatic step
in mercapturic acid formation. BO J. Biol. chem.,
249:7130-7139.

Hashem, H. S., Abd-Elsamed A. A., and Saleh A. A.
(2009).Effect of certain homopterous insects
infesting broccoli plants and their associated
predator’s insects at Sharkia Governorate. J .Agric.
Sci. Mansoura Univ., 34 (11): 10715-10733.

Hegab, A.M., El-zahairy M.M., and Helaly M.M. (1989).
Survey and seasonel abandance of leafhoppers
infesting certion solanaceous vegetable plants in
new reclaimed sandy area at Salhia district, Egypt.
Zagazig, J. Agric. Res.,Vol.16(2).

Howe, G. A. and Jander, G. (2018). Plant immunity to
insect herbivores. Annual Review of Plant Biology,
vol. 59, pp. 41-66. ISSN: 1543-5008.

Jansson, J. and B. Ekbom (2002). The effect of different
plant nutrient regimes on the aphid Macrosiphum
euphorbiae growing on petunia. Entomologia
Experimentalis et Applicata, Dordrecht 104 (1):
109-116.

Jones, 1. R., Benton, 1., Wolf, B. and Mills, H. A. (1991).
Plant analysis, Handbook, Methods of plant
analysis and inter-predation.  Micro-Macro.
Publishing inc. VSA pp. 30-34.

Kéahkénen,M.P., Hopia,A.l., Vuorela H. J., Rauha, J. P.,
Pihlaja, K., Kujala, T. S. and Heinonen, M. (1999).
Antioxidant activity of plant extracts containing
phenolic compounds. J. Agric, food chem..,
47:3954-3962.

578



J. of Plant Prot. and Path., Mansoura Univ., Vol. 10 (12), December,2019

Kang, K., Panzano, V. C., Chang, E. C., Dainis, N. L.,
Jenkins, A. M., Regna, A. M., Muskavitch, K.
and M. A. Garrity (2012). Modulation of TRPA1
thermal sensitivity enables sensory discrimination
in Drosophila. Nature 481(7379): 76-80.

Kennedy, G. G. (2003). Tomato, pests, parasitoids, and

predators:  Tritrophic interactions involving the

genus  Lycopersicon. Annual Review of

Entomology 48: 51-72.

G. L. D. (2001). Fatores que influencian a

intensidade de ataque de moscablanca entomateiro.

Tese (Doutoradoem Entomologia) Universidade

Federal de Vicosa, Vicosa, MG,47.

Marta Alvarez, G. (2015). Review: insect resistance in
tomato (solanumspp.).cultivos tropicales, 2015, vol.
36, no. 2, pp. 100-110.

Moles, A. T. and Westoby M. (2000). Do small leaves
expand faster than large leaves, and do shorter
expansion times reduce herbivore damage? Oikos
90, 517-524

Muhammad A., Ashfaq M., Ghaffar A., Bahtti A. U., Ali
A., and Mubashar U. (2016). Role of Physio-
Morphic Characters of Different Genotypes of
Eggplant, Solanum melongena L. and its
Association with the Fluctuation of Jassid, Amrasca
biguttula (Ishida) Population. Pakistan J. Zool.
48(5), 1511-1515,

Nabil E. EI-Wakeill, M. Nawal Gaafar and Abdellah S.H.

Abdel-Moniem, (2015).

A. R, Pareek, B.L., Nanda, U. S. and
Mitharwal, B.S., (2008). Leaf morphology and
biochemical studies on different varieties of brinjal
in relation to major sucking insect pests. Ind. J. PI.
Prot., 36: 245-248.

Leite,

Naqvi,

Peeters, P. J. (2002). Correlations between leaf
structural traits and the densities of herbivorous
insect guilds. Biological Journal of the Linnean
Society 77: 43-65.

Saleh S. M. and El-Shareef, L.A. (2010). Effect of the
whitefly Bemisia tabaci (Genn.) infestation on
amino acid, acids, phenol content and pH value in
some vegetable plant in greenhouses. Alex. J.
Agric. Res., 55 (3): 1-7.

Smith, C. M. (2010). Biochemical plant defenses against
herbivores: from poisons to spices. En: All Flesh is
Grass, Plant-Animal Interrelationships ~ Series:
Cellular Origins, Life in Extreme Habitats and
Astrobiology. Eds.: Dubinsky Z. y Seckbach, J. Ed.
Berlin: Springer. 2010. 485 pp.

South wood, S. R. (1986). Plant surfaces and insects— an
overview. Insects and the Plant Surface (ed. by B
Juniper & SR South wood), pp. 1-22. Edward

Tianr, D., Tooker, J., Peiffer, M., Chung, S.H. and Felton,
G.W., (2012). Role of trichomes in defense against
herbivores: comparison of herbivore response to
woolly and hairless trichome mutants in tomato
(Solanum lycopersicum). Planta, 236: 1053-66.

Uthamasamy, S., (1985). Influence of leaf hairiness on
the resistance of bhendi or lady ’s finger,
Abelmoschus esculentus (L.) Moench, to the
leafhopper, Amrasca devastans (Dist.). Trop. Pest
Manage., 31: 294-295.

Van Asperen, K. (1962). A study of house fly esterase by
means of sensitive colorimetric method. J. Insect
physiol., 8:401-416.

i) el g (3155 ol Jpuadi ¢ ghas Ao Alaasl) i gSall g 48 ) gl) prdacad (51 58 ) gal) DAY il

Ll Al Jualaa (and

T o e g 200 k) Jiud) ae A 2l G e e sraw 1A £ 8 G da b

« a5 3l A 530 & gadl S e i) A g & gy g’
a5 ) guaiall daaly A ) 3 A4S A alaBy) ) pdal) aud’

s clial) il o) bl Sl A8ES e Aulaiill) Al (pe ABQ Al Qi sl Ll Al ol AMAD ol iy sal

2017 e G se I @l g 4 paall laY) odgd I3 Jaatil) gl o @l 5 3la i sSall 5 48 ) g o o ol 58 ) sl DU
Al il S el clils Juadi Empoasca decedens s Empoasca decipiens (3 s¥) cldala o)) il < jelal Ay jal) ddilae 32018
Laigy Al 5 a ga A el 4S5 co ) yiuall A8adl) Sileaall ¢(3) 55V Clie A 5 il aand (3 5k ) Juanialy @lld 5 Jalil) 5 ablalall Ly
Balclutha ¢ aay B Aabiaal) daaill ;& 3§ yha aladiidy Jaldl) o5 i) Lol alalodall @il Jady Cicadulina chinai G1osY) bUas aa
Jalil) gy (jlaidlll il Jeady Sogatella futcifera <l L of as s 5 a0 4als e alaladall & lasdlll Lealy Jaldl) lils Jeady hortensis
G sY) el e Jass sial Lida Gl )l s ga SO ZEDEN 2Ll Q) ga) s &y ginall Mo Cadlia) @llia of Y il Slas¥) Jisil) alaladall o5
48D ladl) Loy manll 2805 aladiuly s &y pdial) i aal 5 A ol of ) o of sl 0§k COIEN A 5y i) il
Dsa Cnagl Cun gl mhad dn sl sdl liall b GiliR Gl paall daad ) day A BB Gl Sus G Slie & sl il
AES (o an s el oda Jie o (gsind Y Ji) il ey alaladall 5 laiilll 8 3ad) ye <l ) e gl sl s (55 SV G sS Sadll
Bl e s 9y SR (31 5 5 el calalalall (31 5 (g8 ol ypmnil) AT 2l 4 i JB) (S Ly 6Bl (31 ) 5f 8 pnall J shal i Sl
el dpnail) e il a5 (31 51 cildaldai (p &y gimall Mo sl @i () am g ¢35 5Y) i oSl (g slasS) bl dpailly il pdall (e s
Ay i dlawtl) A0S (f Ll a9 LS 131 gl il (580 bl 8aSY) 305 5 D yiasd U g il W s 5305 KU g 5l 5 S (455
i ganll dn 53y a5 o gandli sl g Y sl (e (315331 (5 simay <l piad) el alls Jalii ) a5 LGBl 3150 3 AISD <l s 0 S
Qe b da i) shai () Comaa gf Al jall o2 il o5 alaladal) Ly (laiilll (31 ) of (8 i sl o2 (yaléds) aae e <l pdal) slaes S G
) 5 Ly Ay slasll s A sl 8 ) sl cliall o Cayal) (o g DU ALK AnSA gl 8 Aage Al i) (0 5$5 Ay pdiall SV aa ALl

Al sl Al 4805 5 Tladl) b A il dda sk

579



