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ABSTRACT
The cotton leafhopper (Jacobiasca lybica) is one of the polyphagous species and its control is mainly
based on chemical treatments, however its bio-ecological parameters are still poorly understood
especially under Moroccan conditions. In this work, the population ecology of this leafhopper and
the planning of insecticide treatments based on the recorded degree-days (DD) in a citrus orchard
and vineyard separated by a windbreak (WB) of Cypress and Acacia were investigated. Leafhopper
adults were monitored with five yellow sticky traps for each experimental unit and removed weekly
from April to August for identification and counting. The sampling indicated the presence of five
peaks of adult flight during 2017 and seven during 2018. Whereas six generations were predicted
each year according to DD recorded until mid-August. Leafhopper populations were present onWB
plants throughout the study period, and its preference for Acacia over Cypresswas observed. During
2018, insecticides used were applied one week after DD predicted new generations on WB plants,
and they were also applied on grapes at second, third, fourth and fifth adult peaks. The use of DD to
predict the outbreak of new generations is discussed as a promising strategy to manage leafhopper
populations below economic thresholds.
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1. Introduction

The cotton leafhopper Jacobiasca lybica (Bergevin &
Zanon 1922) (Hemiptera: Cicadellidae) is a
polyphagous species considered to be a major
grapevines pest in Southern regions of Spain, Portugal
and Italy, where it causes significant economic dam-
age (Ocete et al. 1999; Delrio et al. 2000; Lentini et al.
2000; Manzella et al. 2001; Alma 2002; Tsolakis 2003).
Another closely related species, Empoasca vitis (Göthe
1875), also known as a green leafhopper, is considered
inMorocco as a secondary pest of several crops includ-
ing citrus fruits (Mazih 2015), and a major grapevines
pest in Europe (Baillod et al. 1990; Pavan et al. 2000).
Prior studies have examined the population dynamics
of the green leafhopper, that has a fast reproduction
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rate which leads to several overlapping generations in
a short period of time (Decante and vanHelden 2006).
The cotton leafhopper overwinters on evergreen plants
and migrates in spring to vineyards or relay plants
where it produces at least three overlapping genera-
tions (Vidano 1962; Van Helden 2000; Del-Campo-
Sanchez et al. 2019). During the spring, overwintering
females lay between 60 and 80 eggs inside the veins
or leave petioles which give rise to the first-generation
larvae. There are five nymphal stages which are distin-
guished by their size, and the presence and shape of the
wing drafts (Klerks and Van Lenteren 1991).

Damage caused by J. lybicamay include stemdiscol-
oration resulting in the delimitation of the secondary
and tertiary veins, which can develop into grills (Carle
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andMoutous 1965). On citrus fruits, the feeding stings
result in irregular-shaped oleocellosis blemishes in the
rind which have a diameter of 2–7mm. On the first
colored citrus fruits, the damage is initially pale, but
most blemishes darken with time. Due to these dis-
colorations, affected fruit are no longer marketable
(Moore 2013).

Knowledge about ecology, behavior and distribu-
tion of the cotton leafhopper is very incomplete and
particularly complex (Dworakowska 1972; Wiliam
2002a;William 2002b), withmuch poorly understood,
especially under Moroccan conditions. Furthermore,
the prediction of the leafhopper population dynam-
ics is often hampered by seasonal migration due to
changes of host plants for oviposition (Lamp and Zhao
1993; Taylor and Shields 1995; Chancellor et al. 1996;
Holt et al. 1996; Emmen et al. 2004). Monitoring and
the planning of suitable periods to spray chemicals
based on degree-days (DD) can be one of tools to
develop an integrated pest management (IPM) as an
alternative to the use of systematic insecticides to con-
trol this pest. Therefore, this study was initiated to
understand the population dynamics, as well as the
effect of insecticides treatments based on DD to con-
trol J. lybica inhabiting citrus, grapevine and wind-
break plants in Morocco.

2. Materials andmethods

2.1. Study area and field trial

The study was conducted on a citrus orchard and
a vineyard located in the Berkane Province in East-
ern, Morocco (35°01’45.7"N 2°24’04.3"W – Elevation:
55m). The 2 ha citrus orchard was planted to a 40
years old ‘Berkane’ clementine, while the 1.8 ha vine-
yard (Guyot system) was planted to 8 years old Vitis
vinifera cv. Carignan grapevine. The two plots were
contiguous and separated by a windbreak (WB) of
Acacia (Acacia karroo) and Cypress (Cupresus sem-
pervirens) trees as shown in Figure 1, so that they
were exposed to the same environmental conditions.
Spontaneous vegetation was cleared under the plants.
The vineyard and citrus orchard was drip irrigated
4–6 h per day and 3–4 h per day, respectively, depend-
ing on outside ambient temperatures of each year,
with a flow rate of 7.1 L per second for 1 ha land
segment.

Figure 1. Location of the study area in Eastern Morocco. On the
top, a zoom-in on the investigated plots (citrus orchard, vineyard
and cypress and acacia windbreaks) with traps location are also
shown.

2.2. Identification andmonitoring of the leafhopper

The leafhopper adults were monitored using five yel-
low sticky traps (15 cm× 10 cm) in each crop (cit-
rus and grapevine) and windbreak trees (3 traps for
Cypress and 2 for Acacia) from the end of March to
mid-August during 2017, and from the beginning of
April to the end of August during 2018. The traps
were placed on grape plants (about 0.5m high in
the canopy), citrus and WB trees (about 1.5m high),
facing South-East. The traps were replaced weekly
and followed by the enumeration of leafhopper adults
under binocular loupe. One trap per crop and wind-
break trees was collected randomly twice per year to
select adults randomly for identification.

The abdomen of the inspected specimens was dis-
sected to study the male genitalia, and identified by
using published taxonomic keys (Dworakowska 1972,
1980; Della Giustina et al. 1989). Photographs were
taken with an Olympus Q-Color 3 digital camera on
a Olympus BX41 microscope (USA). Voucher speci-
mens are deposited in the collection of Illinois Natural
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History Survey (University of Illinois) in Champaign
(USA).

2.3. Pesticide sprays during trial

During the first year of study (2017), Lambda-
cyhalothrine, at 25 cc/hl, was the only insecticide
sprayed to reduce the leafhopper populations. Insec-
ticide was applied on grapevine plants only after leaf
damage was observed at the end of July, which was the
normal management practice of this farm.

In 2018, different insecticides were applied for
cotton leafhopper control in each week follow-
ing the achieved DD in citrus (Thiametoxam and
Abamectine), grapevine (Methomyl and Lambda-
cyhalothrine) and WB (Acetamiprid alternated with
other molecules cited previously to avoid the resis-
tance). The insecticides timing during this year were
applied on WB plants one week after DD predicted
a new generation, and on grapevines at the predicted
second, third, fourth and fifth generations. Synchro-
nized treatments were applied on citrus, grapevine
and WB plants for the predicted sixth and seventh
generations.

2.4. Data analysis

The number of leafhopper adults was calculated
weekly based on the average of specimens caught
by 15 traps used per week, also the average of
the 5 traps in each crop per week was calculated.
The DD were calculated by cumulating daily totals
obtained by subtracting minimum known develop-
mental zero of the closely green leafhopper (9.7°C)
from mean daily temperature [(temperature mini-
mal+ temperature maximal)/2] (Wuyang et al. 1997).
The daily DD was corrected to zero if the mean
daily temperature was under developmental zero of
the leafhopper. The minimal theoretical DD from the
egg to adult emergence (270 DD) was used to predict
the emergence of the new generation (Wuyang et al.
1997). The weather data were recorded daily by the
weather station (GP2 Data Logger, Delta-T Devices
Ltd) at National Institute for Agricultural Research
(Qualipole of Berkane), which was only 5 km from the
study field.

The data were analyzed by IBMSPSS statistical soft-
ware (2020). Analysis of variance (One-Way ANOVA)

Figure 2. Cotton leafhopper adult, J. lybica: (A) male in dorsal
view and (B) lateral view, Scale bars: 0.5 mm.

Figure 3. Male genitalia of J. lybica: genital capsule (A); valve,
subgenital plates and styles (B); and ventral pygofer appendage
(C).

was used to determine the differences between crops
on leafhopper populations.

3. Results and discussion

3.1. Identification of the green leafhopper

The specimens collected were identified as J. lybica
(Bergevin & Zanon 1922). This species is morphologi-
cally similar to other closely related species in the tribe
Empoascini, e.g. some species in the genus Empoasca.
For example, the overall size, shape and coloration
bear a striking resemblance with E. vitis, which is
commonly collected in vineyards and other perennial
crops in the Mediterranean region. These species can
be distinguished by the examination of characters of
male genitalia. Male adult (Figure 2) and dissected
parts of the male genitalia of J. lybica are shown in
Figure 3, which present a pygofer distal lobe not sep-
arated from the base by a membranous cleft but with
distinct internal sclerotized ridge, compared to E. vitis
that has this pygofer partly separated by amembranous
cleft.
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Figure 4. Observed J. lybica leafhopper adult populations and its theoretical emergence cycles based on degree-days (DD).

3.2. Monitoring of the leafhopper

Traps monitoring for the leafhopper populations from
April to August revealed that the periods of adult flight
peaks differed during 2017 and 2018 (Figure 4). Seven
peaks of adult flight were observed and recorded dur-
ing 2018, and only five peaks were observed during
2017. In comparison, six generations should have been
predicted during both years according to DD obtained
until mid-August.

Our results indicated a maximum of 1041 and 77
adults per trap per week over the two growing seasons
(2017 and 2018, respectively), during first and third
week of August, respectively. According to Lentini
et al. (2000), three to four overlapping peaks of J. lybica
were recorded in ‘Carignan’ grape located in Santadi
(Southern Italy) during 1997 and 1998 and reached
its maximum population level at the end of summer,
withweekly captures ofmore than 1000 adults per trap.
In Sicilia during 2002, the first appearance was at the
beginning of July, with a peak of up to 270 individuals
per trap found during the end of September (Mazzoni
et al. 2003).

Due to the higher temperatures in January 2018
(by 1.29°C) than those obtained for 2017, the 270
DD required for the first leafhopper generation was
reached faster in 2018 (Figure 5). The difference
between the two years for the development of a sec-
ond generation continued to be more than a week
due to high temperatures recorded for some days
during the week of 19 February, 2018 (the temper-
ature increased up to 24°C with a difference of 4°C
between these 2 years for this week). This difference
begins to decrease until the last week of June when
the difference is only 1 or 2 days for the last gen-
erations predicted by DD due to the increased tem-
peratures recorded in April 2017. Fornasiero et al.
(2012) reported that irrigation resulted in higher den-
sities of E. vitis in vineyards, confirming findings

found with other leafhoppers (Trichilo et al. 1990;
Daane and Williams 2003; Costello 2008). Further-
more, Serra et al. (2013) demonstrated over a 3-year
study in Southern Sardinia that a lower restoration
volume (40% of the crop evapotranspiration) allows a
better water use efficiency and lower J. lybica infesta-
tions. Thus, the excessive use of irrigation in our study
during summer of 2017 may have contributed to the
higher densities of J. lybica, and the influence of mois-
ture could be a parameter to be considered as a part of
a management plan for controlling this insect pest in
an IPM program.

From April to mid-August 2017, there were three
peaks of leafhopper adults detected in citrus orchards
and vineyards compared to four peaks on WB plants
(Figure 6). The first peak began mid-May on WB
plants, with 27 leafhopper adults collected per trap
that week. The maximum amount detected was 52
adults at the end of July. However, the first peak on cit-
rus occurred during mid-June with 16 adults detected,
with the highest amount of 35 adults found at the end
of July. For grapes, the first peak occurred in early July
with 56 adults, with the highest value of 733 adults
detected at the end of the month. The average num-
ber of adults caught differed between the two crops
(P = 0.000). Previous studies have shown that four to
five larvae (or nymphs) per leaf or 400–500 adults per
sticky trap per week are intervention thresholds for
E. vitis (Redl 1995; Remund and Boller 1995; Louis
1996). For J. lybica, the thresholds suggested for vine-
yards is 4 nymphs per leaf (Prota et al. 1988), although
Lentini et al. (2000) indicated that for ‘Carignan’ grape
an average of infestation of 0.5–1 leafhopper per leaf
during July to August caused severe symptoms of red-
dish coloration in leaves, suggesting J. lybica to bemore
damaging than E. vitis.

In our study, the first insecticide treatment in 2017
for leafhopper control was applied at the end of July
in grapes, when injury was initially observed on leaves
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Figure 5. Cumulative degree-days (DD) development with temperature during 2017 and 2018 at Qualipole of Berkane, Morocco.

Figure 6. Captures of leafhopper adults (J. lybica) in citrus, grape and windbreak plants (Cypress and Acacia) during 2017.

and 426 adults were detected from traps for that week.
However, the insecticide treatments applied were not
sufficient to prevent population increase and did not
provide adequate control.

Leafhopper migration plays an important role in
the resulting population dynamics on crops. Results
from our study confirmed an earlier report by Cerutti
et al. (2008) who indicated that overwintering adults
of E. vitis first migrated to intermediate host plants
before grape bud opening. Furthermore, this was
also confirmed by Decante and van Helden (2006)
and Van Helden et al. (2003) who reported that
this insect moves from overwintering plants (mainly
Juniperus sp. in the Bordeaux region) during early
April, and then to early budding intermediate host
plants (mainly Rosaceae) before entering the vineyard
in May. Our results suggest that the cotton leafhop-
per begins to migrate in mid-June from WB plants
(Cypress+Acacia) to citrus (intermediate host plant)
and then to grape in early July. Moreover, Cerutti
et al. (2008) also found other Gymnosperms, besides
Rosaceae, as overwintering host for the adults.

J. lybica populations differed among citrus, grape
and WB plantings in 2018. The first peak of leafhop-
per adults was observed in mid-April on WB plants
with nine leafhopper adults captured per trap for that

week. The highest population level on WB plants was
detected in mid-May with 23 adults (Figure 7). On cit-
rus, the first peak was observed at the end of June, with
a high peak of nine adults caught per trap during mid-
July. On grapes, the leafhoppers were first detected in
early July with 18 adults caught per trap weekly, with a
high of 45 adults caught during mid-August.

The peak of J. lybica leafhopper adult populations
detected from the end of July to early August can
make the most damage observed on grapes. This was
the second peak of leafhopper adults on grapes, and
the fifth peak overall. Controlling the first leafhop-
per flight peak in WBs and vineyards can be effective
to maintain the population levels below the economic
injury thresholds for these generations that can cause
the most damage, especially in July and August on
grapevines. Further studies are ongoing to suggest the
importance of controlling the first leafhopper flight
peak to manage and minimize damage caused by fol-
lowing generations. The surrounding vegetation seems
to affect both the leafhopper overwintering popula-
tions and summer migrations to the preferential crop
species (Cerutti et al. 2008). According to Delrio et al.
(2000), the distribution of J. lybica within the vineyard
was found to be distributed in a slightly aggregated pat-
tern, similar to E. vitis, which may be linked to the
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Figure 7. Captures of J. lybica leafhopper adult populations in citrus, grape and windbreak plants during 2018.

Figure 8. J. lybica leafhopper adult population levels (± SE) on Acacia and Cypress during the study period of 2017 and 2018.

vigor of each plant. The same results were reported
by Ramirez-Davila and Porcayo-Camargo (2008) who
found that more than one center of aggregation of
this pest in grape vineyards. This difference can be
also explained by the insect visual behavioral mech-
anism which plays an important role in leafhopper
populating a vigorous host (Zhang et al. 2018).

During our study, adults of J. lybica were detected
on WB plants throughout the entire study period.
Populations of this insect were higher on Acacia dur-
ing both years compared to Cypress. During 2017, 91
leafhopper adults were found on Acacia compared to
Cypress with 14 adults (Figure 8). In comparison, 16
and 2 adults were detected for Acacia and Cypress,
respectively, during 2018. Since our results suggest the
preference of the leafhopper for Acacia over Cypress
over both 2017 and 2018, the choice of WB plants can
be taken into consideration for an effective integrated
pestmanagement programwhen trying tomanage this
pest. Mazzoni et al. (2003) determined populations of
J. lybica on Angelica sp. (Umbelliferae) and Rubus fru-
ticosus (Rosaceae) in early winter and interrelated this
to overwintering adult population.

4. Conclusion

Results from this study provided several aspects
of J. lybica leafhopper ecology that was previously
unknown under Moroccan conditions. The adult
peaks of this insect inMoroccan environments studied
herein, and the preference of this insect for Acacia over
Cypress suggests that host plants in close proximity to
crop production areas can be taken into consideration.
Further studies still need to confirm this choice of WB
that can enhance the use of an integrated pest manage-
ment program for controlling this pest. The use of DD
to predict the outbreak of new generations and to apply
control measures at the correct time can be a promot-
ing strategy to manage leafhopper populations below
the economic thresholds. Thus, the use of DD is an
important component of an integrated pest manage-
ment program to not onlyminimize insecticide use but
also to provide an effective control of this pest.
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