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Simple Summary: The Dubas bug (Ommatissus lybicus) is an economically important insect pest
on date palms grown in the Middle East and North Africa. This work aimed to determine at what
population density the pest caused the most significant losses in chlorophyll, nutritional composition,
or biomass of date palms, and how losses or pest infestation can be predicted using insect honeydew
secretion. The oviposition behavior of females at different densities of O. lybicus was also investigated.
Our results show that populations exceeding 300 nymphs per palm seedling reduced chlorophyll
and fresh palm biomass, whilst insect feeding of 300–600 individuals most consistently decreased
calcium, magnesium, potassium, and phosphorus of palms. Ommatissus lybicus females laid less eggs
on palms as insect numbers reached 600 per palm. Honeydew droplets and the magnesium content
of palm leaflets allowed the prediction of chlorophyll at different insect densities. Eggs oviposited on
the rachis was the best variable to explain reductions in rachis fresh weight biomass. The optimum
density of the pest at which losses can occur was estimated at 3–6 nymphs/leaflet and Mg is one of
the nutrients that can be used to sustain chlorophyll and increase palm tolerance to pest infestation.

Abstract: The Dubas bug (Ommatissus lybicus) is an economically significant pest of date palms. In
this study, the effect of the population density of O. lybicus on chlorophyll, measured by the soil plant
analysis development (SPAD) chlorophyll meter, palm biomass, and the nutritional composition
of date palms, were investigated. A further objective was to determine significant relationships
between the population density of O. lybicus, the number of honeydew droplets, and oviposited
eggs. Reductions of up to 8–11% and 29–34% in chlorophyll content and plant biomass, respectively,
were caused by infestations exceeding 300 nymphs per palm seedling. Increasing the population
density of O. lybicus to 600 insects per palm decreased oviposition by females, suggesting intraspecific
competition for resources. There was a significant relationship between honeydew droplets produced
by the pest population and chlorophyll content in the rachis, suggesting that treatment can be
triggered at 3–6 nymphs/leaflet. Egg oviposition was preferentially on the rachis. Ca, Mg, K, and P
were the main nutrients affected by the activity of the pest. Mg content was associated with reduced
chlorophyll content under increasing pest density, suggesting that supplemental nutrition can be
potentially utilized to sustain chlorophyll and increase palm tolerance to pest infestation.

Keywords: Ommatissus lybicus; chlorophyll; plant nutrition; date palm biomass; honeydew quantification;
oviposition behaviour
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1. Introduction

Date palm (Phoenix dactylifera L.) is an economically important crop in the arid and
semi-arid regions of the Middle East and North Africa [1,2]. Dates are a rich source of
sugars, with a sugar content of 72–88% [3], and natural fibre [4], for human nutrition. The
area of date palm plantations comprises 60% of the global cultivation in North African and
Middle East countries, with nearly 60 million date palms [5].

The Dubas bug (Ommatissus lybicus de Bergevin) (Hemiptera: Tropiduchidae) (Figure 1)
is a phloem-feeding insect-pest characterised by modified mouthparts containing needle-
like stylets, which allow feeding by piercing date palm leaf tissue [6–8].
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yield loss [12–14] and are associated with significant reductions in fruit size, sweetness, 
and delayed date ripening [15–18]. As a bivoltine, O. lybicus produces a spring generation 
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insect has five nymphal instars and can live after hatching for up to 155 days in the au-
tumn and 162 days in the spring [20]. The economic threshold of at least one nymph of O. 
lybicus per leaflet, determined by Arbabtafti et al. [21], has been shown to be inconsistent 
as it was significantly influenced by geographical location, date palm variety, and envi-
ronmental conditions. 

Ommatissus lybicus ingests large amounts of sugar-rich palm sap to obtain amino ac-
ids required for growth and reproduction, and excretes the surplus sugars [22]. The sub-
stantial secretion of honeydew results in the growth of the black sooty mould, Meliola ca-
mellia [19,23–27], on fronds, contributing to the accumulation of dust on palm fronds and 
the intercropped plantation below [2]. Honeydew is a water-soluble complex comprising 
of carbohydrates (mainly sucrose, glucose, fructose, and others), amides, amino acids, al-
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Feeding disrupts photoassimilate flow and hinders phloem transport by interfering
with sugar and nitrogen delivery to cells, as in the case of aphids [6,9]. Endophytic
oviposition, probing, and salivation during feeding result in anatomical changes and
mechanical injury to palm tissues [10–13]. Severe insect infestations can cause up to
50% date palm yield loss [12–14] and are associated with significant reductions in fruit
size, sweetness, and delayed date ripening [15–18]. As a bivoltine, O. lybicus produces a
spring generation (February to May) and an autumn generation (August to November)
per year [2,19]. The insect has five nymphal instars and can live after hatching for up to
155 days in the autumn and 162 days in the spring [20]. The economic threshold of at least
one nymph of O. lybicus per leaflet, determined by Arbabtafti et al. [21], has been shown
to be inconsistent as it was significantly influenced by geographical location, date palm
variety, and environmental conditions.

Ommatissus lybicus ingests large amounts of sugar-rich palm sap to obtain amino
acids required for growth and reproduction, and excretes the surplus sugars [22]. The
substantial secretion of honeydew results in the growth of the black sooty mould, Meliola
camellia [19,23–27], on fronds, contributing to the accumulation of dust on palm fronds and
the intercropped plantation below [2]. Honeydew is a water-soluble complex comprising of
carbohydrates (mainly sucrose, glucose, fructose, and others), amides, amino acids, alcohol,
salts, and auxins [28–31]. Honeydew droplets secreted by O. lybicus can be positively related
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to insect numbers on the host, and potentially utilised to estimate the size of populations
without the need to manually count insects on fronds or leaflets [13].

Insect population growth can be significantly impacted by intraspecific competi-
tion [32,33], whereby a population density that cannot be nutritionally supported by the
host is regulated by a proportional decrease in reproduction rate and/or an increase in
mortality or emigration [33,34]. The effect of the intraspecific competition is reported to
affect fecundity in many species [35–40]. For example, Luft et al. [41] demonstrated that
the average number of oviposited eggs by eugenia psyllid Trioza eugeniae Froggatt females
on Magenta Lilly Pilly Syzygium paniculatum Gaertn leaves was significantly decreased
when the insect population increased beyond three insects per leaf [41]. Shah et al. [42]
reported that morphological and physiological characteristics of date palm fronds (leaflet
thickness, chlorophyll, and frond position) failed to affect the oviposition behaviour of
O. lybicus females, however, no previous studies have been conducted to address the effect
of different population densities of O. lybicus on the fecundity of the pest.

Phloem-sap feeding insects reduce plant chlorophyll [43–45] and Shah [24] previously
associated significant chlorophyll reduction of date palm leaflets with 30 insects/leaflet.
Numerous studies have indicated a significant impact of plant phloem-feeders on plant
biomass [46–49], nutritional response [50,51], and photosynthetic rate of their hosts [52].
However, no studies have investigated the feeding effects of O. lybicus on the nutritional
status of date palms. The objectives of this study were thus to: (i) define the relationships
between different populations of O. lybicus and the number of oviposited eggs or honeydew
droplets on the palm host and (ii) determine the impact of different population densities of
O. lybicus on chlorophyll, nutritional content, and final biomass of date palms.

2. Materials and Methods

Culturing O. lybicus and all experiments were performed in the Entomology Labo-
ratory of the Plant Protection Research Centre, Directorate General of Agricultural and
Livestock Research, Al-Rumais, the Sultanate of Oman.

2.1. Insects and Experimental Procedures

The experiments were conducted in an insect growth room with artificial climate
control and pre-set conditions of 25 ± 2 ◦C with 12:12 h photoperiod [2]. Fluorescent
lighting tubes (GE Starcoat T5 f28w/865 (6500 K)) with automated timers were used in
the room for photoperiod maintenance. Two-year-old tissue culture-derived date palms,
cultivar Khalas, were used as host plants. Khalas was selected due to being the most
widely grown variety in Oman [53]. The palms were planted in pots (8 L) containing
peat moss as a growing medium and were confined inside well-ventilated insect-proof net
cages (W 45.5 cm × L 60 cm × H 90 cm). The experiment was designed as a randomized
complete block design and consisted of five treatments: control (no insects), 100, 300,
600, or 1000 O. lybicus individuals per palm. Treatments were chosen to achieve low
(approx. 1 insect/leaflet), medium (3 insects/leaflet), high (6 insects/leaflet), or extremely
high (10 insects/leaflet) population densities based on infestation categorization used
previously by Al-Khatri [2], calculated per palm, with an average of 5 fronds and 20 leaflets,
as used in our experiments.

Treatments had four replicates, and each caged pot was considered a single exper-
imental unit. Immature O. lybicus (1st and 2nd instars) were collected from an infested
date palm orchard and used for the experiments (23◦21′20.9′′ N 57◦38′09.0′′ E). The palms
received 20:20:20 + TE NPK fertilizer two weeks before releasing the insects, and were
irrigated evenly twice a week. All experiments were repeated twice.

2.2. Chlorophyll Measurement

The chlorophyll of palm seedlings was measured using a SPAD-502 plus chlorophyll
meter (Konica Minolta Sensing, Inc., Osaka, Japan) [54–58]. Three SPAD readings were
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taken on ten leaflets of each frond per palm for eleven weeks following insect release. The
mean SPAD reading per experimental unit (palm) was used for chlorophyll analysis.

2.3. Honeydew Droplets Count

Yellow, water-sensitive papers (26 mm × 76 mm) were used to mark the honeydew
droplets secreted by O. lybicus. Four papers were placed in four different directions under
each palm for 2 h (from 8 a.m. to 10 a.m.) [18]. Honeydew droplet visual counts were
carried out once a week, over eleven weeks following insect release in the cages.

2.4. Ommatissus lybicus Oviposition Density

After obtaining the last set of chlorophyll and honeydew data, O. lybicus egg numbers
oviposited on all leaflets and rachises of each date palm were counted to assess the oviposition
density in different treatments. Palm tissues were examined with a stereoscope ZEISS SteREO
Discovery. V20, (Carl Zeiss Microscopy GmbH, Jena, Germany). Oviposition density was
determined by dividing the number of oviposited eggs by the palm surface area.

2.5. Plant Area and Biomass Measurements

After procuring the last data set at eleven weeks following insect release, date palms
were removed from the growing containers and washed with water to remove the peat
moss from the roots and left to dry for one hour. Date palms were then separated into three
parts (leaflets, roots, and rachis) to measure their fresh weight. Leaflets were scanned using
a Canoscan LIDE120 Flatbed Scanner (CANON), and a known reference scale (10 cm ruler)
was added for further image analysis. Image J (https://imagej.nih.gov/ij/, accessed on
17 June 2021) was used to process the scanned images and obtain the leaflets area. Rachis
surface area was calculated as a cylinder, by measuring the length of the rachis and the
average radius of both ends. Measured individual rachises were then summed to obtain
surface area estimates [59–61].

A = 2πrh

where A, r, h, and π denote area, radius, height, and Pi (3.141592), respectively.
Each biomass partition was placed into pre-heated (70 ◦C for one hour to avoid

moisture intrusion) paper bags and weighed individually using a digital sensitive balance
Kern EG 220-3NM (Kern and Sohn, Germany). The palm tissues were dried using an
air oven (Binder GmbH, Tuttlingen, Germany) set at 70 ◦C for three days, and were
immediately weighed again. The biomass data is presented as dry weight and fresh weight.

2.6. Plant Nutritional Measurements

Palm tissues were used to investigate nutritional variations between infested and
non-infested plants. Initial screening of samples of date palms infested with 1000 O. lybicus
individuals and the control palms (no infestation) was first performed to determine if
any nutrients were affected by extremely high infestation with O. lybicus [62]. This was
achieved by digesting 0.5 g of the dried material in a 100 mL digestion tube containing
3–4 anti-bumping granules, 3 g catalyst mixtures, and 10 mL concentrated H2SO4, which
was mixed well using a vortex tube stirrer. The mixture was first heated at 100 ◦C for 20 min
in a block-digester, agitated thoroughly, and then heated at 380 ◦C for two hours. Following
digestion, the mixture was cooled down, made to 100 mL volume by adding distilled
water, and filtered using Whatman filter no. 42 (Whatman Ltd., Maidstone, UK). Nitrogen
was analysed using a Kjeltec 2400 distillation unit (Foss Analytical, Hillerød, Denmark).
Ammonium-vanadomolybdate (10 mL) was added to 10 mL of the fluid, in a 100 mL
flask [62]. K and Na were analysed using the dry ash method. Ground plant materials were
weighed (1 g) into 50 mL porcelain crucibles and heated in the furnace to 550 ◦C for 5 h.
After heating, the crucible was allowed to cool, and 5 mL portions of 2 N HCl were added to
the ash before mixing thoroughly. After 20 min, distilled water was added to make 50 mL,
before filtering the mixture after 30 min using Whatman filter no. 42, and performing
analysis using a flame photometer (Jenway PFP7, Stone UK). The remaining elements (B,

https://imagej.nih.gov/ij/
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Ca, Cu, Fe, Mn, Mo, S, Zn, and Mg) were analysed using inductively coupled plasma (ICP)
spectroscopy (ICPE-9000, Shimadzu, Japan) [62]. Nutrient analysis, as described above,
was subsequently performed on all samples from the first and the second experiments to
confirm the main nutrients affected by different densities of insect infestation.

2.7. Statistical Analysis

Statistical analysis was performed using Genstat 22nd edition. Chlorophyll and
honeydew droplets were analysed using a generalized linear mixed model [63]. Normal
distribution with no transformation was used to model chlorophyll with function identity,
as residuals for chlorophyll data were visually confirmed to show normal distribution.
Negative binomial distribution with link function of log ratio was used to model honeydew
droplets. Nested palm, frond, and leaflet were included as random effects and experiment,
time (weeks following infestation), and treatment (insect density), and all interactions were
included as fixed effects in both models. Final models excluded fixed terms which were
not significant, and included the interaction (time × treatment) as the fixed effect, with
time as a continuous variable. Oviposited eggs were analysed using a generalized linear
model (GLM) with block, experiment, treatment (insect density), and experiment*treatment
interaction as fixed effects. Binomial distribution with link function of logit was used to
model oviposition site and oviposition on leaflets and rachis (as proportion of total eggs
per palm area in cm). All estimates were back-transformed, showing standard errors of the
mean. Fisher’s least significant difference at p < 0.05 was used for multiple comparisons
following GLM for egg oviposition on leaflets and the rachis. Plant nutritional values for
the initial screen comparing the control (no infestation) and infestation of 1000 insects were
analysed using t-test at 95% confidence level. Plant nutritional values and biomass for
the full experimental treatments were analysed using analysis of variance (ANOVA), and
the least significant difference at p < 0.05 was used to compare means between treatments.
Single or multiple linear regressions with groups for treatment (insect density) were used
to predict chlorophyll and rachis fresh weight. Regression models tested if data fitted
common, parallel, or separate lines for treatment groups before final model selection at
p < 0.05.

3. Results
3.1. Loss of Chlorophyll

General linear mixed model analysis revealed significant interaction (p < 0.001) be-
tween time of measurement (weeks) and treatment (population density) for chlorophyll
content (Figure 2).

A significant chlorophyll loss occurred in response to an increasing population beyond
300 O. lybicus per palm from week seven onwards. At the end of measurements, the
population of 600 insects caused the highest SPAD loss of 11%, followed by 8% for densities
of 1000 and 300 insects, respectively (Figure 2).

3.2. Honeydew Droplets

A significant interaction between time and population density was observed for
honeydew droplet secretion (p = 0.049, Figure 3).

The highest honeydew droplets of 78.9 and 90.8 were secreted by populations of 1000
and 600 insects, respectively. The population of 300 insects produced half of the honeydew
droplets compared to populations of 600 or 1000 insects. The honeydew droplets decreased
significantly following the third week of insect infestation (Figure 3).

3.3. Ommatissus lybicus Oviposition

There was a significant difference for oviposition site (rachis or leaflets) with insects
preferentially ovipositing on the rachis rather than on palm leaflets with a ratio of 2:1
(p < 0.001, Figure 4).
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Figure 4. Oviposition site preference (proportion of total eggs per cm−2 palm area) of O. lybicus.
Predicted means with standard error bars were derived by generalized linear model with binomial
distribution with link function of logit (p < 0.001).

There were significant interactions between experiments and population densities,
with O. lybicus at lower densities of 100 and 300 ovipositing significantly more eggs than
at higher densities in experiment 1 (Figure 5). In contrast, in experiment 2, oviposition in-
creased with insect density reaching 80% of total egg oviposition on the rachis by 600 insects
per palm.
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Figure 5. Ommatissus lybicus oviposition on rachis (proportion of total eggs per cm−2 palm area) in
experiments. Predicted means with standard error bars were derived by generalized linear model
with binomial distribution with link function of logit (p < 0.001). Fisher’s least significant difference
test was used for comparisons. Different letters indicate statistically significant differences (p < 0.05)
between means. Experiment = E.

A significant interaction between experiment and population density was also ob-
served for egg oviposition on leaflets (p < 0.001, Figure 6). The maximum egg oviposition
on leaflets was by 600 insects in experiment 1 and 100 O. lybicus in experiment 2 (Figure 6).
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Figure 6. Ommatissus lybicus oviposition on leaflets (proportion of total eggs per cm−2 palm area) in
experiments. Predicted means with standard error bars were derived by generalized linear model
with binomial distribution and link function of logit (p < 0.001). Fisher’s least significant difference
test was used for comparisons. Different letters indicate statistically significant differences (p < 0.05)
between means. Experiment = E.

3.4. Plant Biomass

There were no significant interactions between experiment and treatment for plant
biomass of the rachis, leaflets and roots; however, fresh and dry biomass of roots was
significantly higher in the second experiment compared to the first (Table 1). Fresh weight
of leaflets was significantly reduced by 29% and 22% by insect infestations of 300 or 600
O. lybicus, respectively (Table 1). Infestations beyond 300 insects also caused up to 34%
reduction in the fresh biomass of the rachis compared with the control. Fresh weight of
roots was reduced by insect populations exceeding 100 individuals, with 600 insects per
palm reducing root weight by 34%. There were no significant differences detected for
the dry weight of leaflets or rachis. The highest root dry weight reduction of 32% was
caused by the population density of 300 insects in the first experiment; however, in the
second experiment, the population density of 600 insects reduced root dry weight by 28%
compared to the control (no insects).

Table 1. Fresh weight and dry weight of the rachis, leaflets, and roots of date palms. ANOVA
and the least significant difference at p < 0.05 were used to compare means between treatments.
T = Treatment, E = Experiment.

N Nymphs

Fresh Weight (g) Dry Weight (g)

Leaflets Rachis Roots Leaflets Rachis Roots

E1 E2 E1 E2

0 53.4 87.1 51.4 91.8 16.4 16.1 9.6 22.3
100 50.2 73.0 38.1 104.7 15.7 15.8 11.7 28.6
300 37.9 57.2 33.7 69.2 13.7 13.2 6.5 16.8
600 41.6 60.7 36.3 57.6 15.4 14.5 10.8 16.0
1000 48.8 69.1 33.1 66.4 15.7 15.7 9.4 17.5

p-value (LSD)

T 0.02 (9.9) 0.002 (14.2) 0.008 (17.2) 0.62 (3.5) 0.49 (3.8) 0.03 (5.2)
E 0.2 (6.2) 0.27 (9.0) <0.001 (10.9) 0.18 (2.2) 0.25 (2.4) <0.001 (3.3)
T × E 0.58 (14.0) 0.55 (20.0) 0.123 (24.3) 0.69 (5.0) 0.55 (5.4) 0.22 (7.4)
CV% 20.7 19.9 28.8 22.3 24.5 34.2



Insects 2023, 14, 12 9 of 15

3.5. Nutritional Measurements

The nutritional screen with 13 elements including N, P, K, B, Ca, Cu, Fe, Mn, Mo, Na,
S, Zn, and Mg on material from palms exposed to 1000 insects or the control revealed that
O. lybicus only affected Mg, P and K content in leaflets, rachises, or roots (Table 2).

Table 2. Effect of infestation of 1000 O. lybicus per palm on nutrient concentration of leaflets, rachises
and roots of date palm (cv. Khalas). Only significantly different (p < 0.05) elements between treatments
are shown.

Number of
Nymphs

Nutrient Content (mg/kg of Dry Weight)

Leaflets Rachises Roots

0 1000 p-Value SE± 0 1000 p-Value SE± 0 1000 p-Value SE±
Magnesium (Mg) 3.85 3.48 0.01 0.099 5.65 5.78 0.88 0.759 5.73 4.53 0.02 0.371
Phosphorus (P) 1.38 1.00 0.01 0.095 2.78 2.08 0.02 0.207 1.18 0.98 0.29 0.172
Potassium (K) 9.73 7.53 0.02 0.696 18.33 16.50 0.53 2.734 12.25 9.73 0.01 0.689

Nutrient analysis of all samples in experiments 1 and 2 confirmed that the concentra-
tion of the same elements as shown in the screen, in addition to Ca, was affected by insect
infestation. Significant interactions between the experiment and treatment were observed
for K and Mg in the leaflets, and P, in both the leaflets and the rachis (Table 3).

Table 3. Effect of population density of O. lybicus (1st and 2nd instar of nymphs) on the concentration
of nutrients in leaflets, rachis and roots of date palms (cv. Khalas). ANOVA and the least significant
difference at p < 0.05 were used to compare means between treatments. T = Treatment, E = Experiment.
Only significantly different (p < 0.05) elements between populations are shown.

N Nymphs

Nutrient Content (mg/kg of Dry Weight)

Leaflets Rachis Roots

Ca K Mg P P K Mg

E1 E2 E1 E2 E1 E2 E1 E2 E1 E2 E1 E2 E1 E2

0 5.5 6.8 9.7 9.1 3.9 4.1 1.4 1.1 2.8 1.9 12.3 11.9 5.7 6.4
100 4.1 5.9 12.2 9.6 4.3 3.5 1.5 0.7 3 1.1 13 11.1 5.7 5.8
300 4.2 6 12.6 9.4 4.3 3.7 1.4 0.8 2.9 1.2 14.1 11.1 5.9 6.2
600 3.6 4.8 12.8 10.4 3.8 3.1 1.3 0.9 2.7 1.2 14.2 11.5 4.8 6.3

1000 4.7 6.2 7.5 10.4 3.5 3.9 1 0.9 2.1 1.5 9.7 11.1 4.5 6.4
p-value (LSD)

T 0.004 (0.8) <0.001 (1.0) 0.14 (0.5) 0.2 (0.2) 0.09 (0.4) 0.01 (1.3) 0.5 (0.9)
E <0.001 (0.6) 0.03 (1.0) 0.07 (0.3) <0.001 (0.1) <0.001 (0.3) 0.04 (1.2) <0.001 (0.4)

T × E 0.95 (1.2) 0.008 (1.9) 0.05 (0.6) 0.04 (0.3) 0.05 (0.6) 0.15 (2.2) 0.07 (1.1)
CV% 17.3 14.7 12 18.5 21.3 15 11.3

Ca content in leaflets was lower in the first experiment compared to experiment
two with any infestation causing a significant reduction compared to the control. The
lowest Ca concentration of 4.2 mg/kg was quantified in palms with the starting population
of 600 insects. K concentration in leaflets was lower in experiment two and increased
with infestation up to 600 individuals, but in experiment one, 1000 O. lybicus reduced
K compared to the control. Mg in leaflets was lower in infestations of 1000 insects in
experiment one, and was reduced by 100 and 600 insects in experiment two. The effect on
P in leaflets by insect density was also inconsistent between experiments, being higher in
experiment one, with a reduction only seen with an infestation of 1000 nymphs. In contrast,
in experiment two, the greatest reductions of P were observed at the lower infestations of
100 to 300 insects. P in the rachis and K in the roots were lower in experiment two and
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were reduced by the infestation of 1000 individuals. Mg in roots was not affected by insect
density but was significantly lower in the first experiment.

3.6. Regression Analyses

Simple linear regression analysis with the insect population as groups, revealed that
data for each population density fitted parallel lines for honeydew droplets in Week 1, and
Mg content in leaflets, explaining 48% and 62%, respectively, of the variance associated
with chlorophyll content in week 11 (p < 0.001, Table 4).

Table 4. Linear regression analysis of chlorophyll content after eleven weeks of O. lybicus infestation
and rachis fresh weight with honeydew secretions in the first week, magnesium (Mg) content in
leaflets and egg oviposition. (HD1) = (Honeydew 1st week), (ER) = (Eggs oviposited in rachis).

Response Variate (Y) Equation R2 p-Value

Chlorophyll content at 11 weeks Y (100) = 66.38 – 0.305 (HD1) 0.48 <0.001
Y (300) = 62.28 – 0.305 (HD1)
Y (600) = 59.64 – 0.305 (HD1)
Y (1000) = 62.39 – 0.305 (HD1)

Chlorophyll content at 11 weeks Y (0) = 1.47 (Mg) + 60.36 0.62 <0.001
Y (100) = 1.47 (Mg) + 59.49
Y (300) = 1.47 (Mg) + 54.78
Y (600) = 1.47 (Mg) + 52.28
Y (1000) = 1.47 (Mg) + 54.55

Rachis fresh weight Y = 87.57 – 5.62 (ER) 0.38 <0.001

Rachis fresh weight was related to eggs oviposition on the rachis accounting for 38%
of the variance, with data fitting common line for O. lybicus population density (p < 0.001,
Table 4).

4. Discussion

This study investigated the impact of feeding, honeydew excretion, and egg ovipo-
sition by different initial populations of 1st and 2nd instars of O. lybicus on chlorophyll,
plant nutrients, and biomass of date palm. The results revealed that the infestations by
populations greater than 300 nymphs of O. lybicus caused significant chlorophyll reduction
in leaflets, associated with feeding and sugar drain over the 11 weeks of insect infestation.
Several studies have previously reported a negative effect of phloem feeding insects on the
chlorophyll of different host plants. Rafi et al. [38] showed that probing by the Russian
wheat aphid Diuraphis noxia Mordvilko caused a reduction in the total chlorophyll content
by 18.2%, at a density of 80 insects/plant on Triticum aestivum L. Similarly, Huang et al. [45]
reported that an initial population of five nymphs of the invasive mealybug Phenacoccus
solenopsis Tinsley per plant caused a 57% reduction in chlorophyll content after 38 days
of feeding on leaves of Solanum lycopersicum L. Previously, Shah [24] exposed three date
palm cultivars (Kehraba, Jan Sore, and Mozavati) to different initial O. lybicus population
densities of 5, 10, 15, 20, 25, and 30 first instar nymphs per leaflet confined to micro cages
of 1.9 cm diameter. His results revealed that the chlorophyll of palm leaflets was reduced
significantly by 30 insects/leaflet in comparison with the control treatment, and there
were no differences at lower insect populations. In contrast to using individual leaflets by
Shah [24], we studied the effects of insect populations confined to whole young palms. The
effects of O. lybicus feeding on date palm seedlings were not immediate, and chlorophyll
loss increased significantly beyond the first seven weeks of sustained feeding, causing a
maximum loss of 11% with an optimum infestation of 600 insects, roughly equating to a
starting population of 6 insects per leaflet. This is in agreement with other authors [43,44,64],
showing that adequate exposure time at an optimum infestation population was needed to
cause significant chlorophyll content reductions by phloem-feeding insect pests. The time
taken for the metamorphosis of nymphs to adults is approximately five weeks for O. lybicus,
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and it is clear from our results that chlorophyll loss of leaflets increased once nymphs
morphed into adults, on the palms. Increased loss in chlorophyll over time was associated
with reductions in honeydew secretion by populations greater than 300 insects, suggesting
nutrient resource exhaustion caused by feeding of the nymphs and diminished ability of
the host to recover. Our studies also indicated that date palms have the potential to tolerate
the lower infestations of 100 nymphs for up to 11 weeks, because at this population density
losses remained lowest for the period of the studies, and were not significantly different
from the control.

Mechanical probing and salivation by O. lybicus are likely contributing to chlorophyll
loss through feeding, as shown with other insect-host systems [10]. Indeed, in our studies,
honeydew secretion in week one, following insect infestation, was negatively related to
chlorophyll content on leaflets at the end of experimentation. However, endophytic ovipo-
sition by O. lybicus females, with a saw-like robust chitinous tool around its ovipositor, tear
date palm tissue, depositing eggs at 0.4 to 0.5 mm deep in tunnels [2,15], causing acute
tissue necrosis, which can potentially decrease not only chlorophyll content but also rachis
biomass. This is supported by the observed negative relationship between egg oviposition
on the rachis and rachis biomass fitting common line for all insect densities. Shah et al. [42]
showed a negative relationship between measured chlorophyll and the oviposited eggs
in different frond rows in spring (r = −0.85) or autumn (r = −0.77). In the current study,
O. lybicus females generally exhibited a preference to oviposit their eggs in rachises rather
than in leaflets, with a ratio of 2:1. This mechanism avoids rapid exhaustion of host assimi-
lates as photosynthetically active leaflets are not being destructively used by females for
oviposition, but rather to support feeding of the developing nymphs of the next generation.
However, at lower densities than 1000 individuals, there were inconsistencies between ex-
periments in egg oviposition on individual tissues. For example, at 100 insects per palm, a
greater proportion of eggs were oviposited in leaflets in experiment two than in experiment
one, with the opposite trend observed in experiments for 600 insects per palm. It is possible
that the oviposition behavior of insects at different densities in the two experiments related
to differences in palm quality used in individual experimental repeats.

A decline in reproductive output, due to direct intraspecific competition for food re-
sources, is often observed with increasing population density of insects and
animals [35–37,39,40]. Chlorophyll loss and egg oviposition by O. lybicus on the rachis
reached its optimum, with 300 to 600 individuals, before generally decreasing with ex-
tremely high infestations of 1000, at the end of experimentation. This is likely to be associ-
ated with decreased availability and/or quality of nutrition from the host. Indeed, palms
with moderate to high infestation of between 300 to 600 individuals sustained the greatest
reductions of biomass. Similarly, Rafi et al. [38] reported that a high initial population
density of the wheat aphid D. noxia caused a reduced reproduction rate in its wheat host,
whilst Mamai et al. [37] showed an adverse effect of increased adult density of Anopheles
arabiensis Patton on egg production.

Previous studies by Mokhtar & AI-Mjeni [13] and Shah et al. [18] have reported associ-
ations between the density of O. lybicus and the amounts of honeydew droplets. However,
our results suggested that honeydew deposits were related to the initial population density
of the nymphs during the very first few weeks of infestation, and once the nymphs mor-
phed into adults there were smaller differences in honeydew deposits between populations.
This suggests that honeydew deposits can be utilized to predict early nymph populations
associated with chlorophyll loss. We note that the observed relationships with honeydew
deposits in our studies were of moderate strength (R2 = 0.48), suggesting that other factors,
such as environmental conditions, for example, not accounted for here, are also likely
to be important. A significant reduction in fresh palm biomass of leaflets was observed
in our studies when O. lybicus density increased between 300–600 individuals per palm.
Similarly, rachis fresh biomass was reduced when populations increased beyond 100 in-
dividuals. The observed differences in fresh biomass, but not for dry biomass of leaflets
and rachises, suggested that insect infestation reduced water content of palm tissues. We
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also found significant reductions in root fresh and dry biomass in response to infestations
by 300–600 individuals. This supports the view that optimum insect feeding and egg
oviposition also cause reductions in sugar flow to the roots via the phloem, thus decreasing
root biomass and affecting the overall water use efficiency of the palms.

Four nutrients involved in essential plant growth and photosynthesis, Mg, K, Ca, and
P, were affected by infestation with O. lybicus on date palm leaflets. Calcium is an element
used for plant tissue development, promoting cell elongation and strengthening of plant
cell walls [65,66], in addition to being involved in signaling during defense against pests
and pathogens [65]. In our experiments, Ca was consistently reduced in both experiments
by insect infestation, with the greatest reductions caused by 600 insects which also caused
a significant decrease in the chlorophyll of the leaflets. Phosphorous and magnesium play
essential roles in plant energy transfer and biochemical processes, including chlorophyll
synthesis, respiration, and photosynthesis [67,68]. Potassium is also needed for photo-
synthesis, phloem translocation of assimilates, and metabolism [69–71]. However, in our
studies, we observed interactions between experiments and treatments for K, Mg, and
P in plant tissues, suggesting that the effects of insect populations on nutrient content
were inconsistent under our experimental conditions. The reductions of these nutrients
in leaflets by specific insect densities in the second experiment appear to be related to
the increased oviposition of eggs in leaflets rather than in rachises, specifically in the sec-
ond experiment, compared to the first. Of all analyzed elements, only Mg concentration
was strongly (R2 = 0.62) related to chlorophyll content in leaflets of palms with different
O. lybicus densities at the end of experimentation, suggesting that Mg can significantly
contribute to chlorophyll maintenance of date palms. Previous studies have indicated
that adequate amounts of Mg contribute to disease resistance and plant yield [72,73]. To
maintain optimum growth [74,75], a date palm requires 1.5–3 kg, 0.5 kg, and 2–3 kg of NPK,
respectively, in addition to organic manure of 20–44 kg per year [75,76]. The finding that Mg
contributes to chlorophyll content under O. lybicus infestation suggests that supplementing
Mg to conventional fertilizers can be exploited to reduce losses. Further understanding of
the effects of targeted applications of Ca, K, and P to supplement nutrition for increased
tolerance can be useful in improving pest management in the field.

5. Conclusions

The present study reported for the first time the impact of O. lybicus on date palm nutri-
tion and biomass of single young date palms. O. lybicus infestation by more than 300 nymphs
per palm significantly decreased chlorophyll, plant biomass, and palm nutrients. The effect
of the feeding process and oviposition was not immediate, and intraspecific competition
for space/food resources between O. lybicus individuals adversely affected the number of
oviposited eggs as the population density of O. lybicus reached 600 individuals. This study
showed a significant relationship between honeydew droplets produced by different den-
sities of nymphs and chlorophyll content, suggesting that starting nymph populations of
3–6 nymphs/leaflet, equating to medium to high initial infestation, is likely to result in chloro-
phyll loss of up to 11%, and can be used to identify potential risk and trigger treatment. High
to extremely high infestations of 6–10 nymphs/leaflet (600 or 1000 insects per palm seedling
as our treatments) resulted in intraspecific competition and a decline in egg oviposition. Egg
oviposition was primarily on the rachis, thus reducing rachis biomass, and was also associated
with reduced content of P. Egg oviposition on the leaflets was associated with effects on
chlorophyll, and the reduction of P, K, and Mg. Magnesium content in leaflets, together
with the population density of the nymphs, were significantly related to chlorophyll content,
suggesting Mg as a potential supplement for improved palm nutrition under pest attack. Our
study was conducted on date palm seedlings in a controlled setting; therefore, validating
these results in a commercial date palm plantation is required. Further in field validation
of the relationship between the O. lybicus infestation and nutritional losses of date palms
would provide information to improve crop and pest management via rational application of
targeted fertilizers to increase host tolerance to the pest.



Insects 2023, 14, 12 13 of 15

Author Contributions: Conceptualization, N.A.-A. and R.V.R.; methodology, N.A.-A. and R.V.R.;
project administration, N.A.-A. and R.V.R.; formal analysis, N.A.-A. and R.V.R.; Funding acquisition,
R.A.-S. and S.A.-K.; investigation, N.A.-A., S.A.-R. and M.A.-H.; original draft preparation, N.A.-A.;
writing, review and editing, N.A.-A., R.V.R., R.A.-S. and S.A.-K.; resources, N.A.-A., S.A.-R., M.A.-H.,
R.A.-S. and S.A.-K.; validation, N.A.-A. and R.V.R.; visualization, N.A.-A. and R.V.R.; supervision,
R.V.R. and S.A.-K. All authors have read and agreed to the published version of the manuscript.

Funding: The authors would like to acknowledge the financial support from The Research Council
of the Sultanate of Oman, Research Grant Agreement no. TRC/SRG/DB/13/003.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors would like to acknowledge the Directorate General of Agriculture
and Livestock Research, Ministry of Agriculture, Fisheries, and Water Resources, Barka, Oman. We
also acknowledge the help provided by Rashad Rasool Khan, Mohammed Al-Aufi, Malik Al-Bahri,
and Husam Al-Hinai.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References
1. Yaish, M.W.; Patankar, H.V.; Assaha, D.V.M.; Zheng, Y.; Al-Yahyai, R.; Sunkar, R. Genome-Wide Expression Profiling in Leaves

and Roots of Date Palm (Phoenix Dactylifera, L.) Exposed to Salinity. BMC Genom. 2017, 18, 246. [CrossRef] [PubMed]
2. Al-Khatri, S.A.H. Biological, Ecological and Phylogenic Studies of Pseudoligosita Babylonica Viggiani, a Native Egg Parasitoid of

Dubas Bug Ommatissus Lybicus de Bergevin, the Major Pest of Date Palm in the Sultanate of Oman. Doctoral Thesis, University of
Reading, Reading, UK, 2011.

3. Chao, C.T.; Krueger, R.R. The Date Palm (Phoenix Dactylifera, L.): Overview of Biology, Uses, and Cultivation. HortScience 2007, 42,
1077–1082. [CrossRef]

4. Capinera, J.L. Encyclopedia of Entomology; Springer Science & Business Media: Berlin/Heidelberg, Germany, 2008; ISBN 1402062427.
5. Wakil, W.; Faleiro, J.R.; Miller, T.A.; Bedford, G.O.; Krueger, R.R. Date Palm Production and Pest Management Challenges. In Sustainable

Pest Management in Date Palm: Current Status and Emerging Challenges; Springer: Berlin/Heidelberg, Germany, 2015; pp. 1–11.
6. Franzen, L.D.; Gutsche, A.R.; Heng-Moss, T.M.; Higley, L.G.; Macedo, T.B. Physiological Responses of Wheat and Barley

to Russian Wheat Aphid, Diuraphis Noxia (Mordvilko) and Bird Cherry-Oat Aphid, Rhopalosiphum Padi (L.)(Hemiptera:
Aphididae). Arthropod Plant Interact. 2008, 2, 227–235. [CrossRef]

7. Gullan, P.J.; Cranston, P.S. The Insects: An Outline of Entomology; John Wiley & Sons: Hoboken, NJ, USA, 2014; ISBN 111884615X.
8. Singh, V.; Sood, A.K. Plant Nutrition: A Tool for the Management of Hemipteran Insect-Pests-A Review. Agric. Rev. 2017, 38,

260–270. [CrossRef]
9. Peterson, R.K.D.; Higley, L.G. Arthropod Injury and Plant Gas Exchange: Current Understandings and Approaches for Synthesis.

Trends Agric. Sci. Entomol. 1993, 1, 93–100.
10. Ecale, C.L.; Backus, E.A. Mechanical and Salivary Aspects of Potato Leafhopper Probing in Alfalfa Stems. Entomol. Exp. Appl.

1995, 77, 121–132. [CrossRef]
11. Haile, F.J.; Higley, L.G.; Ni, X.; Quisenberry, S.S. Physiological and Growth Tolerance in Wheat to Russian Wheat Aphid

(Homoptera: Aphididae) Injury. Environ. Entomol. 1999, 28, 787–794. [CrossRef]
12. Kranz, J.; Schmutterer, H.; Koch, W. Diseases, Pests, and Weeds in Tropical Crops. Soil Sci. 1978, 125, 272. [CrossRef]
13. Mokhtar, A.M.; AI-Mjeni, A.M. A Novel Approach to Determine the Efficacy of Control Measures Against Dubas Bug, Ommatissus

Lybicus de Berg, on Date Palms. J. Agric. Mar. Sci. 1999, 4, 1–4.
14. Khan; Al-Ghafri, T.H.A.; Al-Khatri, S.A.H.; Al-Mazidi, I.S.S.; Al-Rawahi, F.G. Resistance to Deltamethrin and Fenitrothion in

Dubas Bug, Ommatissus Lybicus de Bergevin (Homoptera: Tropiduchidae) and Possible Biochemical Mechanisms. Sci. Rep. 2020,
10, 13220. [CrossRef]

15. Hussain, A.A. Biology and Control of the Dubas Bug, Ommatissus binotatus lybicus De Berg.(Homoptera, Tropiduchidae), Infesting
Date Palms in Iraq. Bull. Entomol. Res. 1963, 53, 737–745. [CrossRef]

16. Al Shidi, R.; Kumar, L.; Al-Khatri, S.A.H. Humid-thermal Index for a New Management Approach of Ommatissus Lybicus. Pest
Manag. Sci. 2019, 75, 3060–3069. [CrossRef] [PubMed]

17. Kinawi, M.M. Date Palm and Date Pests in Sultanate of Oman; Royal Court Affairs, Sultanate of Oman: Muscat, Oman, 2005.
18. Shah, A.; Zia, A.; Rafi, M.A.; Mehmood, S.A.; Aslam, S.; Chaudhry, M.T. Quantification of Honeydew Production Caused by

Dubas Bug on Three Date Palm Cultivars. J. Entomol. Zool. Stud. 2016, 4, 478–484.
19. Thacker, J.; Al-Mahmooli, I.; Deadman, M. Population Dynamics and Control of the Dubas Bug Ommatissus Lybicus in the Sultanate

of Oman. In Proceedings of the BCPC International Congress–Crop Science and Technology, Glasgow, UK, 10–12 November 2003;
pp. 987–992.

20. Elwan, A.A.; Al-Tamimi, S.S. Life Cycle of Dubas Bug Ommatissus binotatus lybicus De Berg.(Homoptera: Tropiduchidae) in
Sultanate of Oman. Egypt. J. Agric. Res. 1999, 77, 1547–1553.

http://doi.org/10.1186/s12864-017-3633-6
http://www.ncbi.nlm.nih.gov/pubmed/28330456
http://doi.org/10.21273/HORTSCI.42.5.1077
http://doi.org/10.1007/s11829-008-9048-1
http://doi.org/10.18805/ag.R-1637
http://doi.org/10.1111/j.1570-7458.1995.tb01992.x
http://doi.org/10.1093/ee/28.5.787
http://doi.org/10.1097/00010694-197804000-00020
http://doi.org/10.1038/s41598-020-70150-7
http://doi.org/10.1017/S0007485300048458
http://doi.org/10.1002/ps.5422
http://www.ncbi.nlm.nih.gov/pubmed/30895723


Insects 2023, 14, 12 14 of 15

21. Arbabtafti, R.; Pezhman, H.; Fassihi, M.T.; Assari, M.; Noori, H.; Hosseini Gharalari, A. Determination of Economic Injury Level
of Ommatissus lybicus (Hemiptera: Tropiduchidae) on Two Commercial Date Cultivars in Southern Iran. J. Entomol. Soc. Iran 2020,
40, 123–133.

22. Wool, D.; Hendrix, D.L.; Shukry, O. Seasonal Variation in Honeydew Sugar Content of Galling Aphids (Aphidoidea: Pemphigidae:
Fordinae) Feeding on Pistacia: Host Ecology and Aphid Physiology. Basic Appl. Ecol. 2006, 7, 141–151. [CrossRef]

23. Askari, M.; Bagheri, A. Study on the Effect of Imidachloprid on Date Palm Hopper by Soil Application and Injection. In
Proceedings of the International Conference on Mango and date palm: Culture and Export, University of Agriculture, Faisalabad,
Pakistan, 20–23 June 2005; pp. 20–23.

24. Shah, A. Biology and Management of Dubas Bug, Ommatissus Lybicus on Date Palm in Balochistan (Pakistan). Doctoral Thesis,
Pir Mehr Ali Shah Arid Agriculture University, Rawalpindi, Pakistan, 2014.

25. Khan, A.L.; Asaf, S.; Khan, A.; Khan, A.; Imran, M.; Al-Harrasi, A.; Lee, I.-J.; Al-Rawahi, A. Transcriptomic Analysis of Dubas
Bug (Ommatissus lybicus Bergevin) Infestation to Date Palm. Sci. Rep. 2020, 10, 11505. [CrossRef]

26. Al Shidi, R.H.; Kumar, L.; Al-Khatri, S.A.H.; Al-Ajmi, N.A. Ommatissus lybicus Infestation in Relation to Spatial Characteristics of
Date Palm Plantations in Oman. Agriculture 2019, 9, 50. [CrossRef]

27. Khan, R.R.; Al-Khatri, S.A.H.; Al-Ghafri, T.H.A.; Al-Mazidi, I.S.S.; Al-Rawahi, F.G.; Al-Jabri, S.S.; Hussain, M.H. Susceptibility
Survey of Ommatissus lybicus (de Bergevin) Populations against Deltamethrin and Fenitrothion in Oman. Sci. Rep. 2019, 9, 11690.
[CrossRef]

28. Auclair, J.L. Aphid Feeding and Nutrition. Annu. Rev. Entomol. 1963, 8, 439–490. [CrossRef]
29. Way, M.J. Mutualism between Ants and Honeydew-Producing Homoptera. Annu. Rev. Entomol. 1963, 8, 307–344. [CrossRef]
30. Hackman, R.H.; Trikojus, V.M. The Composition of the Honeydew Excreted by Australian Coccids of the Genus Ceroplastes.

Biochem. J. 1952, 51, 653. [CrossRef] [PubMed]
31. Delabie, J.H.C. Trophobiosis between Formicidae and Hemiptera (Sternorrhyncha and Auchenorrhyncha): An Overview. Neotrop.

Entomol. 2001, 30, 501–516. [CrossRef]
32. Burrack, H.J.; Fornell, A.M.; Connell, J.H.; O’Connell, N.V.; Phillips, P.A.; Vossen, P.M.; Zalom, F.G. Intraspecific Larval

Competition in the Olive Fruit Fly (Diptera: Tephritidae). Environ. Entomol. 2009, 38, 1400–1410. [CrossRef] [PubMed]
33. Klomp, H. Intraspecific Competition and the Regulation of Insect Numbers. Annu. Rev. Entomol. 1964, 9, 17–40. [CrossRef]
34. Nicholson, A.J. An Outline of the Dynamics of Animal Populations. Aust. J. Zool. 1954, 2, 9–65. [CrossRef]
35. Arcese, P.; Smith, J.N.M. Effects of Population Density and Supplemental Food on Reproduction in Song Sparrows. J. Anim. Ecol.

1988, 57, 119–136. [CrossRef]
36. Dreiss, A.N.; Cote, J.; Richard, M.; Federici, P.; Clobert, J. Age-and Sex-Specific Response to Population Density and Sex Ratio.

Behav. Ecol. 2010, 21, 356–364. [CrossRef]
37. Mamai, W.; Bimbile-Somda, N.S.; Maiga, H.; Juarez, J.G.; Muosa, Z.A.I.; Ali, A.B.; Lees, R.S.; Gilles, J.R.L. Optimization of

Mosquito Egg Production under Mass Rearing Setting: Effects of Cage Volume, Blood Meal Source and Adult Population Density
for the Malaria Vector, Anopheles Arabiensis. Malar. J. 2017, 16, 41. [CrossRef]

38. Rafi, M.M.; Zemetra, R.S.; Quisenberry, S.S. Interaction between Russian Wheat Aphid (Homoptera: Aphididae) and Resistant
and Susceptible Genotypes of Wheat. J. Econ. Entomol. 1996, 89, 239–246. [CrossRef]

39. Amezaga, I.; Garbisu, C. Effect of Intraspecific Competition on Progeny Production of Tomicus Piniperda (Coleoptera: Scolytidae).
Environ. Entomol. 2000, 29, 1011–1017. [CrossRef]

40. Morales-Ramos, J.A.; Rojas, M.G.; Kay, S.; Shapiro-Ilan, D.I.; Tedders, W.L. Impact of Adult Weight, Density, and Age on
Reproduction of Tenebrio Molitor (Coleoptera: Tenebrionidae). J. Entomol. Sci. 2012, 47, 208–220. [CrossRef]

41. Luft, P.A.; Paine, T.D.; Redak, R.A. Limiting the Potential for Intraspecific Competition: Regulation of Trioza Eugeniae Oviposition
on Unexpanded Leaf Tissue. Ecol. Entomol. 2001, 26, 395–403. [CrossRef]

42. Shah, A.; Mohsin, A.U.; Hafeez, Z.; Naeem, M.; Haq, M.I.U. Eggs Distribution Behaviour of Dubas Bug (Ommatissus lybicus:
Homoptera: Tropiduchidae) in Relation to Seasons and Some Physico-Morphic Characters of Date Palm Leaves. J. Insect Behav.
2013, 26, 371–386. [CrossRef]

43. Cabrera, H.M.; Argandona, V.H.; Corcuera, L.J. Metabolic Changes in Barley Seedlings at Different Aphid Infestation Levels.
Phytochemistry 1994, 35, 317–319. [CrossRef]

44. Goławska, S.; Krzyzanowski, R.; Łukasik, I. Relationship between Aphid Infestation and Chlorophyll Content in Fabaceae Species.
Acta Biol. Crac. Ser. Bot. 2010, 52, 76–80. [CrossRef]

45. Huang, J.; Zhang, P.-J.; Zhang, J.; Lu, Y.-B.; Huang, F.; Li, M.-J. Chlorophyll Content and Chlorophyll Fluorescence in Tomato
Leaves Infested with an Invasive Mealybug, Phenacoccus Solenopsis (Hemiptera: Pseudococcidae). Environ. Entomol. 2013, 42,
973–979. [CrossRef]

46. Edelson, J.V.; Duthie, J.; Roberts, W. Watermelon Growth, Fruit Yield and Plant Survival as Affected by Squash Bug (Hemiptera:
Coreidae) Feeding. J. Econ. Entomol. 2003, 96, 64–70. [CrossRef]

47. Pierson, L.M.; Heng-Moss, T.M.; Hunt, T.E.; Reese, J.C. Categorizing the Resistance of Soybean Genotypes to the Soybean Aphid
(Hemiptera: Aphididae). J. Econ. Entomol. 2010, 103, 1405–1411. [CrossRef]

48. Hosseini, A.; Hosseini, M.; Katayama, N.; Mehrparvar, M. Effect of Ant Attendance on Aphid Population Growth and above
Ground Biomass of the Aphid’s Host Plant. Eur. J. Entomol. 2017, 114, 106. [CrossRef]

http://doi.org/10.1016/j.baae.2005.02.009
http://doi.org/10.1038/s41598-020-67438-z
http://doi.org/10.3390/agriculture9030050
http://doi.org/10.1038/s41598-019-48244-8
http://doi.org/10.1146/annurev.en.08.010163.002255
http://doi.org/10.1146/annurev.en.08.010163.001515
http://doi.org/10.1042/bj0510653
http://www.ncbi.nlm.nih.gov/pubmed/13018140
http://doi.org/10.1590/S1519-566X2001000400001
http://doi.org/10.1603/022.038.0508
http://www.ncbi.nlm.nih.gov/pubmed/19825295
http://doi.org/10.1146/annurev.en.09.010164.000313
http://doi.org/10.1071/ZO9540009
http://doi.org/10.2307/4768
http://doi.org/10.1093/beheco/arp198
http://doi.org/10.1186/s12936-017-1685-3
http://doi.org/10.1093/jee/89.1.239
http://doi.org/10.1603/0046-225X-29.5.1011
http://doi.org/10.18474/0749-8004-47.3.208
http://doi.org/10.1046/j.1365-2311.2001.00340.x
http://doi.org/10.1007/s10905-012-9354-4
http://doi.org/10.1016/S0031-9422(00)94755-1
http://doi.org/10.2478/v10182-010-0026-4
http://doi.org/10.1603/EN12342
http://doi.org/10.1093/jee/96.1.64
http://doi.org/10.1603/EC09324
http://doi.org/10.14411/eje.2017.015


Insects 2023, 14, 12 15 of 15

49. Rubia-Sanchez, E.; Suzuki, Y.; Miyamoto, K.; Watanabe, T. The Potential for Compensation of the Effects of the Brown Planthopper
Nilaparvata Lugens Stal (Homoptera: Delphacidae) Feeding on Rice. Crop Prot. 1999, 18, 39–45. [CrossRef]

50. Wang, P.; Wu, J.-C.; Xue, S.; Wang, F.; Liu, J.-L.; Yu, Y.-S.; Gu, H. Responses in Nutrient Uptake in Rice Roots to Infestation of
Brown Planthopper, Nilaparvata Lugens (Stål)(Homoptera: Delphacidae). Int. J. Pest Manag. 2006, 52, 97–107. [CrossRef]

51. Wu, J.-C.; Qiu, H.-M.; Yang, G.-Q.; Dong, B.; Gu, H. Nutrient Uptake of Rice Roots in Response to Infestation of Nilaparvata
Lugens (Stål)(Homoptera: Delphacidae). J. Econ. Entomol. 2003, 96, 1798–1804. [CrossRef] [PubMed]

52. Nagaraj, N.; Reese, J.C.; Kirkham, M.B.; Kofoid, K.; Campbell, L.R.; Loughin, T.M. Relationship between Chlorophyll Loss and
Photosynthetic Rate in Greenbug (Homoptera: Aphididae) Damaged Sorghum. J. Kans. Entomol. Soc. 2002, 75, 101–109.

53. Al-Yahyai, R.; Al-Khanjari, S. Biodiversity of Date Palm in the Sultanate of Oman. Afr. J. Agric. Res. 2008, 3, 389–395.
54. Simpson, K.L.S.; Jackson, G.E.; Grace, J. The Response of Aphids to Plant Water Stress–the Case of Myzus Persicae and Brassica

Oleracea Var. Capitata. Entomol. Exp. Appl. 2012, 142, 191–202. [CrossRef]
55. Deol, G.S.; Reese, J.C.; Gill, B.S. A Rapid, Nondestructive Technique for Assessing Chlorophyll Loss from Greenbug (Homoptera:

Aphididae) Feeding Damage on Sorghum Leaves. J. Kans. Entomol. Soc. 1997, 70, 305–312.
56. Yue, X.; Hu, Y.; Zhang, H.; Schmidhalter, U. Evaluation of Both SPAD Reading and SPAD Index on Estimating the Plant Nitrogen

Status of Winter Wheat. Int. J. Plant Prod. 2020, 14, 67–75. [CrossRef]
57. Formisano, L.; Pannico, A.; El-Nakhel, C.; Starace, G.; Poledica, M.; Pascale, S.D.; Rouphael, Y. Improved Porosity of Insect Proof

Screens Enhances Quality Aspects of Zucchini Squash without Compromising the Yield. Plants 2020, 9, 1264. [CrossRef]
58. Donnelly, A.; Yu, R.; Rehberg, C.; Meyer, G.; Young, E.B. Leaf Chlorophyll Estimates of Temperate Deciduous Shrubs during

Autumn Senescence Using a SPAD-502 Meter and Calibration with Extracted Chlorophyll. Ann. For. Sci. 2020, 77, 30. [CrossRef]
59. Coppedge, B.R. Twig Morphology and Host Effects on Reproductive Success of the Twig Girdler Oncideres Cingulata

(Say)(Coleoptera: Cerambycidae). Coleopt. Bull. 2011, 65, 405–410. [CrossRef]
60. Paro, C.M.; Arab, A.; Vasconcellos-Neto, J. Specialization of Atlantic Rain Forest Twig-Girdler Beetles (Cerambycidae: Lamiinae:

Onciderini): Variation in Host–Plant Use by Microhabitat Specialists. Arthropod Plant Interact. 2014, 8, 557–569. [CrossRef]
61. Rice, M.E. Branch Girdling and Oviposition Biology of Oncideres Pustulatus (Coleoptera: Cerambycidae) on Acacia Farnesiana.

Ann. Entomol. Soc. Am. 1989, 82, 181–186. [CrossRef]
62. Estefan, G.; Sommer, R.; Ryan, J. Methods of Soil, Plant, and Water Analysis. In A Manual for the West Asia and North Africa Region;

International Center for Agricultural Research in the Dry Areas: Beirut, Lebanon, 2013; Volume 3.
63. Schall, R. Estimation in Generalized Linear Models with Random Effects. Biometrika 1991, 78, 719–727. [CrossRef]
64. Diaz-Montano, J.; Reese, J.C.; Schapaugh, W.T.; Campbell, L.R. Chlorophyll Loss Caused by Soybean Aphid (Hemiptera:

Aphididae) Feeding on Soybean. J. Econ. Entomol. 2007, 100, 1657–1662. [CrossRef]
65. Moloinyane, S.; Nchu, F. The Effects of Endophytic Beauveria Bassiana Inoculation on Infestation Level of Planococcus Ficus,

Growth and Volatile Constituents of Potted Greenhouse Grapevine (Vitis Vinifera, L.). Toxins 2019, 11, 72. [CrossRef]
66. Demarty, M.; Morvan, C.; Thellier, M. Calcium and the Cell Wall. Plant Cell Environ. 1984, 7, 441–448. [CrossRef]
67. Raghothama, K.G. Phosphorus and Plant Nutrition: An Overview. Phosphorus: Agric. Environ. 2005, 46, 353–378.
68. Wydrzynski, T.; Gross, E.L. Effects of Sodium and Magnesium Cations on the “Dark-” and Light-Induced Chlorophyll a

Fluorescence Yields in Sucrose-Washed Spinach Chloroplasts. Biochim. Biophys. Acta (BBA) Bioenerg. 1975, 376, 151–161.
[CrossRef]

69. Zörb, C.; Senbayram, M.; Peiter, E. Potassium in Agriculture–Status and Perspectives. J. Plant Physiol. 2014, 171, 656–669.
[CrossRef]

70. Mengel, K. Effect of Potassium on the Assimilate Conduction to Storage Tissue. Ber. Dtsch. Bot. Ges. 1980, 93, 353–362.
71. Amtmann, A.; Troufflard, S.; Armengaud, P. The Effect of Potassium Nutrition on Pest and Disease Resistance in Plants. Physiol.

Plant 2008, 133, 682–691. [CrossRef] [PubMed]
72. Huber, D.M.; Jones, J.B. The Role of Magnesium in Plant Disease. Plant Soil 2013, 368, 73–85. [CrossRef]
73. Ferrigo, D.; Raiola, A.; Causin, R. Fusarium Toxins in Cereals: Occurrence, Legislation, Factors Promoting the Appearance and

Their Management. Molecules 2016, 21, 627. [CrossRef] [PubMed]
74. Al-Rawi, A.A.H. Fertilization of Date Palm Tree (Phoenix Dactylifera, L.) in Iraq. IPA Agric. Res. Cent. 1998, 1, 320–328.
75. Zabar, A.F.; Borowy, A. Cultivation of Date Palm in Iraq. Ann. Univ. Mariae Curie-Skłodowska. Sect. EEE Hortic. 2012, 22, 39–54.
76. Adlan, H.A. Date Palm Culture in Sudan. In Horticulture Department Report; Ministry of Agriculture: Khartoum, Sudan, 1994.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/S0261-2194(98)00087-8
http://doi.org/10.1080/09670870600619809
http://doi.org/10.1603/0022-0493-96.6.1798
http://www.ncbi.nlm.nih.gov/pubmed/14977118
http://doi.org/10.1111/j.1570-7458.2011.01216.x
http://doi.org/10.1007/s42106-019-00068-2
http://doi.org/10.3390/plants9101264
http://doi.org/10.1007/s13595-020-00940-6
http://doi.org/10.1649/072.065.0417
http://doi.org/10.1007/s11829-014-9337-9
http://doi.org/10.1093/aesa/82.2.181
http://doi.org/10.1093/biomet/78.4.719
http://doi.org/10.1093/jee/100.5.1657
http://doi.org/10.3390/toxins11020072
http://doi.org/10.1111/j.1365-3040.1984.tb01434.x
http://doi.org/10.1016/0005-2728(75)90213-3
http://doi.org/10.1016/j.jplph.2013.08.008
http://doi.org/10.1111/j.1399-3054.2008.01075.x
http://www.ncbi.nlm.nih.gov/pubmed/18331404
http://doi.org/10.1007/s11104-012-1476-0
http://doi.org/10.3390/molecules21050627
http://www.ncbi.nlm.nih.gov/pubmed/27187340

	Introduction 
	Materials and Methods 
	Insects and Experimental Procedures 
	Chlorophyll Measurement 
	Honeydew Droplets Count 
	Ommatissus lybicus Oviposition Density 
	Plant Area and Biomass Measurements 
	Plant Nutritional Measurements 
	Statistical Analysis 

	Results 
	Loss of Chlorophyll 
	Honeydew Droplets 
	Ommatissus lybicus Oviposition 
	Plant Biomass 
	Nutritional Measurements 
	Regression Analyses 

	Discussion 
	Conclusions 
	References

