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ABSTRACT

The early blight caused by Alternaria solani is a serious disease that threats potato plants during the
growing seasons. This study investigated the relationship between leaf miner infestation and the incidence and
severity of early blight in potato fields in EI-Minya governorate, Egypt. An insecticide program included three
different insecticides i.e., Abamectin 1.8 % EC, Fipronil 20% SC, and Imidacloprid 35%SC was applied to
study its impact on leaf miner population as well as early blight incidence and severity. The leaf miner population
was monitored during 2020 and 2021 growing seasons. Early blight incidence (D), disease severity (DS), and
area under the early blight progress curve (AUDPC) were estimated along with leaf miner infestation. The
results showed high significant correlation between leaf miner infestation which represented by (the number of
leaf miner adults, larvae, mines/leaflet and the minded leaf area) and the infection by A. solani which represented
by (DI and DS of early blight) during the two growing seasons. The application of the insecticide program
significantly decreased the number of leaf miner adults, mines, larvae, and minded area% as well as DI and DS
of early blight. Also, it affected the correlation between the number of leaf miner adults as well as DI and DS.
This study expands our knowledge about the relationship between leaf miner infestation and A. solani infection
in the open potato fields and how that could be useful in setting up an effective integrated pest management
program to control both leaf miner and early blight.
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INTRODUCTION spots enlarge gradually in diameter and sporulate (Van der
In E . £ th . bl Waals et al., 2001). Early blight development depends on

hn gypt, potato 15 done 0 dt N Iitrateglc vEge}a E; plant age and environmental conditions such as temperature,
crops that occupying an advanced rank among the loca high humidity and abiotic stress (Holley et al., 1985; Bussey
growing Crops (Baddour an_d Sakara, 2020). Potato IS"and Stevenson, 1991; Duarte et al., 2014 and Christ, 1991).
considered one of the most important vegetable crops in No resistant potato cultivars are available now and the

quantities of production and consumption worldwide as disease is mainl . ‘o
o y controlled by the application of fungicides

well (F.AO’ 2005). In the volume_ (.)f produc_'uon, It fa’?ks and agriculture practices (Abuley and Nielsen, 2017).

fourth in the world after wheat (Triticum aestivum L.), rice On the other hand, leaf miner Liriomyza

(Oryza sativa L), and maize (Zea mays L) (Bowen, 2003). huidobrensis Becker (Diptera: Agromyzidae) is another
Numerous path(_)gens and msgct _pests altack pot@to crucial pest that attacks potatoes during the growing season

plants and cause considerable quantitative and qualitative (Picango et al., 2011). The adult female makes punctures
losses in yield. The early blight, caused by the necrotrophic during feeding’ and oviposition, which gives the attacked
fungus Alternaria solani, is an important disease of potatoes leaves a spotted appearance at t’he tips and along the edges
th_at can cause major _yield losses. Infecti(?n_by this polycyclic ¢ infested leaves (Alves et al., 2014). Unlike Liriomyza
ig;)asfnleg;;gggu?;g;%i‘/s;; Of(gﬁ;;f fr:(rj] tﬁ/lrzgtegsaa?g 859_' trif_olii (Bur_gess) and_ L_. sativae Blanchard, the larvae of L.
. ' ——r ' ' huidobrensis feed within the lower mesophyll layer, which
_Shtlenberg e al., 1990 and Grigolli et _aI., 2011). Pathogen- has a more significant impact on leaf photosynthesis that
induced foliar damage at the early bulking stages of potatoes makes low population densities of L. huidobrensis cause
and this results in more significant yield loss than during potato more harm to the host plant than any other Liriomyza

tuber maturation and late bulking (Jindo et al., 2021). species (Heinz and Chaney, 1995 and Parrella et al., 1985).

The disea§e affects Iegves, Stems _and tbers of potato Reducing the photosynthesis activity of the mined leaf area
and reduces the yield, tuber size, storability of tubers, quality directly impacts the growth and yield of infested crop

of fresh-market and processing tubers and market ability of (Muji S
jica and Kroschel, 2013). A significant loss of potato
the crop (Van der Waals et al., 2001). The symptoms appear yield (up to 100%) has been reported in Cordoba, Argenting;

on leaves as small, circular, or irregular, dark brown Coquimbo, Chile, and Indonesia by this leaf miner species

c_oncentr_ic_ ring spots_al_tern_ating with bands of light-tan (Lopez et al., 2003; Larrain, 2004 and Shepard et al., 1998).
tissue, giving them a distinctive target spot appearance. The Mujica and Cisneros (1997) found that L. huidobrensis
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reduced the yield of potato varieties (Cica, Revolution,
Tomasa, Perricholi and Yungay) by 46, 53, 54, 50 and 62%,
respectively. Further, Mujica and Kroschel (2013) found
that each 1% increase in the percentage of foliar injury of
the Canchan variety lead to a reduction in yield by 1.21, 0.46
and 0.93% in 2005, 2007, and 2008, respectively.

The most important type of injury of leaf miner is
produced by its larvae, which feed on leaves lower
mesophyll, building cavities called mines and consequently
easing bacteria and fungi entrance (Bueno et al., 2007;
Palumbo, 2012 and Soares et al., 2019).

A few information is available about the impact of
leaf miner on the occurrence and development of plant
diseases. Also, the potential damage it may cause to the
growing crops by transmitting and dispersing plant disease
pathogens, i.e., bacteria, fungi, and viruses. VVenkateswarlu
and Ramapandu, (1992) studied the relationship between
leaf miner infestation and the severity of canker in acid lime
and sathgudi sweet orange, and the study revealed that the
disease severity was highly correlated with leaf miner
infestation. The injuries caused by citrus leaf miner
increased the incidence of citrus canker and impacted
the area under disease progress curve (AUDPC) (Waldir,
2006; Gottwald et al., 1997 and Chagaset al., 2001).
Durairaj et al. (2010) reported that L. trifolii females
predisposing Solanum lycopersicum L. to infection by
Alternaria by perforating the leaves of the plants. They
found that releasing L. trifolii prior to pathogen inoculation
significantly increased the severity of the disease. Also, leaf
perforation during L. trifolii oviposition enhanced leaf
necrosis caused by Alternaria alternata in S. tuberosum L.
(Deadman et al., 2002). A high correlation was detected
between number of mines by L. huidobrensis and the
severity of early blight caused by Alternaria solani (Soares
et al., 2019). High number of leaf miner adults, larvae and
mines was observed in potato fields with high early blight
incidence in middle Egypt (personal observation).

This study aims to investigate the relationship between
the population of the leaf miner, L. huidobrensis (numbers of
adult insects, larvae, mines and the minded area) and incidence
(DI), severity (DS), and area under disease progress curve
(AUDPC) of the early blight disease in potato fields during
2020 and 2021 growing seasons. In addition, to examine the
impact of an insecticide program consisted of abamectin
(member of the Avermectin family),fipronil (phenylpyrazole
chemical family), and imidacloprid (neonicotinoids) on the
leaf miner populations as well as incidence, severity and
development of the early blight disease.

MATERIALS AND METHODS

Field experiment design

To study the impact of leaf miner, L huidobrensis,
infestation on the severity and development of potato early
blight. An experiment was conducted during 2020/2021 and
2021/2022 growing seasons in about 1.5 ha (3.5 feddans)
potato field located at Bourjaya village, EI-Minia province.
The experiment was conducted as split plots with insecticide
application as main plots.
Impact of insecticide applications on the leaf miner,
Liriomyza huidobrensis, populations

As mentioned in the experimental design, the
experiment was split into two main plots, treated and non-

treated with insecticides. The program included three
insecticides, abamectin 1.8% EC, fipronil 20% SC and
imidacloprid 35%SC. The insecticides were applied
alternately as follows; The program started one month after
the planting date, and spraying was displayed every two
weeks starting with abamectin 1.8 EC followed by fipronil
20% SC and imidacloprid 35%SC at 40, 25 and 40 ml 100L
Lwater, respectively. Each insecticide was applied only once
during the season except abamectin 1.8 EC, which was
applied again two weeks after imidacloprid 35%SC
application. The field was split into two main plots, treated
and non- treated plots with insecticides. Five plots (3x4 m?)
were chosen randomly in each main plot (each plot
represents one replicate). Potato cv. Spunta is considered
one of the most cultivated potato cultivars in Egypt, and thus
it was used in this experiment. Two samples’ methods were
used to estimate the larval and adult populations of the leaf
miner in both treated and non-treated plots

Sticky traps

The sticky traps were used to monitor leaf miner
adults on potato plants during both growing seasons. Four
sticky traps were positioned at 50 cm height on each subplot
(3x4 m?) representing the four cardinal field directions,
north, south, east, and west. The traps were made of yellow
plastic panels measuring 25 x 25 ¢cm and covered with
Delvac oil as an adhesive for collecting flying insects. Traps
were attached horizontally on the poles in a parallel
arrangement and oriented in each plot to face the cardinal
field direction. The average number of the leaf miner adults
from the four traps around the plots was recorded weekly .
Leaf sampling

The number of L huidobrensis larvae, mines and
minded area (cm?) was estimated by randomly collecting
twenty-five leaflets/plot (from the middle of the canopy of
potatoes). The collected leaflets were kept in paper bags and
transferred to the laboratory for subsequent counts of larvae
and mines per each leaflet using a stereoscopic microscope,
according to the direct count technique (Southwood, 1978;
Gusmao et al., 2005 and Gusmao et al., 2006). The number
of larvae, mines and minded leaf area was considered as
criteria in determining leaf miner's infestation.

To measure the minded leaf area (mines area),
individual leaflets samples which used to count number of
larvae and mines were scanned into a digital format using a
Hewlett-Packard Scan Jet 4850 desktop scanner. The leaflet
was scanned by placing it on the scanner, closing the lid, and
displaying the scanning option. The captured images were
saved as a TIFF file. Digital images were analyzed using
Adobe Photoshop CS2 to measure the damaged leaf
area(cn).

Assessment of early blight disease incidence and
severity.

The disease was assessed by counting the total
number of potato plants in the middle three lines of each
plot. The disease incidence was estimated according to the
following equation:

No. of infected plants
DI (%) =

total No. of inspected plants
Early blight severity was estimated using a 07 scale
as described by Christ (1991); where 0 = no lesions; 1 =
trace to 1%; 2 = 1-5%; 3 =6-10%; 4 = 11-25%; 5 = 26-50%;
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6 = 51-75%; and 7 = 76-100% and the following equation
was used to calculate the final disease severity:
Disease severity (%) =
> (rating No. XNo. of leaves in the rating)
(Total No. of inspected leaves x highest rating)

The area under disease progress curve (AUDPC)
was calculated according to the following formula as
adopted by Pandey et al., (1989).

AUDCP = X[(Xi + Xi+1)/2]t;,
where Xi and X1 are severity on the date i and date i + 1, respectively
and ti is the number of days between date i and date i + 1.
Statistical analysis

One-way ANOVA was used to study the effect of
the insecticides application program on number of leaf
miner adults, larvae, mines, and the minded area. Further,
One-way ANOVA was used to study the effect of the
insecticides application program on disease incidence,
severity, and area under the disease progress curve in both
treated and no-treated plots with insecticides. Means
separated using Tukey test t 0.05 probability level. The
relationship between each stage of L huidobrensis i.e., the
number of leaf miner adults, larvae, mines and the minded
area and each disease parameter i.e., early blight incidence
and severity was investigated separately by correlation and
regression techniques. The data were analyzed using JMP
data analysis software version 14.

RESULTS AND DISCUSSION

x 100

Results
The impact of insecticides application on the leaf miner,
Liriomyza huidobrensis, population.
Number of L. huidobrensis adults

The number of leaf miner L. huidobrensis adults was
monitored weekly from the third week after the sowing date
and continued for 11 weeks in insecticides-treated and
untreated plots by sticky traps (Fig. 1a and b). Overall, the
number of leaf miner adults fluctuated during the season in
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insecticides treated and untreated plots during the 2020 and
2021 growing seasons. In untreated plots, the average
number of leaf miner adults was more than 10 adults trap™
in the 1% week of rating and ranged between 20 and 25 adult
trap* from the 2™ week until 5" week in 2020, but it was
less than 10 adult trap™ in the 3" week in 2021 and went up
again over 10 adult trap™ in the 4" week. The highest peak
in nontreated was observed in 6 week (more than 40 adult
trap™® in 2020 and approximately 30 adult trap™ in 2021) and
the second highest peak was in 9" week approximately 45
adult trap™ in 2020 and 30 adults trap? in 2021. In
insecticide-treated plots, the number of leaf miners was, in
general, lower than the untreated plots during the 2020 and
2021 seasons. More fluctuation in the leaf miner population
was observed in 2020. The number of leaf miners reached
high peaks, being 20 to 25 adult trap™?, through three times,
being 4, 7 and 10" weeks during the season. In 2021, the
insecticide-treated plots were less fluctuated compared to
2020, where the leaf miner adults were more suppressed by
the insecticides application and ranged around 10 adult trap
L with only one peak in the 4" week, reaching almost 20
adult trap™. Overall, the application of insecticides
significantly reduced the average number of leaf miner
adults during the two-growing season (Fig. 1c)
Number of larvae

The average number of larvae leaflet™ during the 2020
and 2021 seasons showed fluctuating patterns in treated and
untreated plots with insecticides. In 2020, the average number
of larvae did not exceed than 2 larvae leaflet* in the 1t and 2
weeks, then it started to increase and stayed around 6 larvae
leaflet* from 3" to 6" week. The average number of larvae
was continued high until it reached the maximum last week
10 larvae leaflet™. In insecticide-treated plots, the number of
larvae was gradually increased from the first week until the 8"
week, reaching 7 larvae leaflet® and remaining around 6
larvae leaflet? until the end of the season.
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Fig. 1. Effect of insecticide applications on adult population of the leaf miner, Liriomyza huidobrensis during 2020
(A) and 2021 (B) growing seasons, and the average number of leaf miner adults (C) in both treated and
untreated plots with insecticides during the two growing seasons.

In 2021, the average number of larvae was less than
4 larvae leaflet® until the 5" week, which increased
gradually to reach the maximum in the 7" week (8 larvae
leaflet?). The average number of larvae decreased less than
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6 larvae leaflet® while increased again in the last week,
being 8 larvae leaflet™. In insecticides treated plots, the
number of larvae fluctuated during the season it was lower
than 2 larvae leaflet? during the first 3 weeks and exceeded
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than 2 larvae leaflet™ in the 4™ week, then decreased again
in the 5™ week then remained between 4 -6 larvae leaflet™
until the end of the season except week, 10" which showed
the last peak in the season and recorded approximately 8

A

—a—MNo pesticides

Ma. of larvae/leaflet

3rd dath Sth 6th Tth Bth

No. of larvae/leaflet

Time

S9th 10th 11th

larvae leaflet™. In addition, the average number of larvae in
each growing season was significantly decreased in
insecticides treated plots (Fig. 2c)

Wl o pevicde

pesticibe

T el 0001
o P S
BT

A

No. of Larvae/leaflet

Fig. 2. Effect of insecticide applications on number of leaf miner, L. huidobrensis larvae leaflet™* during 2020 (A) and
2021 (B) growing season, and C) the average number of leaf miner larvae in both treated and non-treated

plots during the two growing seasons.

Number of mines.

The average number of mines leaflet’ was also
assessed in treated and untreated plots with insecticides
during the 2020 and 2021 seasons. In 2020, the number of
mines in the 1%t and 2" weeks was less than 5 mines leaflet
1 then gradually increased in the 12" week to approximately
27 mines leaflet? in untreated and 10 mines/ leaflet for
insecticides treated plots. In 2021, the average number of
mines increased slower than in 2020, which < 5 mines
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leaflet® in the first three weeks for untreated plots. In
comparison, ranged from 8 to 12 until the end of the season
in untreated plots. In insecticide-treated plots, the number of
mines was < 5 mines leaflet™ in the first 6 weeks and from 5
to 7 mines leaflet in the rest of the season. The average
number of mines in 2021 was lower than in the 2020
growing season (Fig. 3c). Also, insecticides significantly
alleviated the number of mines in treated plots compared to
untreated in both seasons.
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Fig. 3. Effect of insecticides application on the number of mines leaflet* during 2020 (A) and 2021 (B) growing season,
and the average number of mines during the two growing seasons (C).

Potato-minded leaf area.

The minded leaf area (cm?)/potato leaflet was
ascendingly increased during the 2020 growing season in
insecticides treated and nontreated plots. It started from less
than 1 cm? in the 1% week and gradually increased, reached
approximately to 6 cm? in the last week in untreated plots.

However, in insecticides-treated, the minded area reached
the maximum by the last week of the season and did not
exceed than 2 cm?. High reduction was observed in minded
areas in potato plots treated with insecticides compared to
untreated plots during the 2020 and 2021 growing seasons
(Fig. 4c).
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Fig. 4. Effect of insecticides application on the minded area (cm?) potato leaflet? during 2020 (A) and 2021 (B)
growing season, and the minded area leaflet* on the average during the two growing seasons (C).

The impact of insecticides application on early blight
incidence, severity and area under disease progress
curve.

High disease incidence (DI) was observed during
2020 compared with 2021 growing seasons (Fig. 5). During
the 2020 growing season, insecticides treated and untreated
plots showed a similar range of disease incidence until 6™
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week (40%), then recorded higher DI values in untreated
plots than insecticides-treated plots. However, in the 2021
growing season, the DI in insecticides treated plots was
more elevated than untreated plots until week 8™. Starting
from 9" week the DI of potato early blight due to
insecticides treatment stayed stable and the DI in untreated
plots increased to 70% in the 11" week.
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Fig. 5. The impact of insecticide applications on the early blight incidence and severity during 2020 (A, B) and 2021

(C, D) growing seasons, respectively.

Similar performance of diseases severity (DS) was
observed in 2020 and 2021 growing seasons in respect to the
insecticide’s application. High DS was observed in
insecticides-untreated compared with treated plots. The
difference between the DS values increased by the time as
shown in Fig. (5). Insecticides application significantly

alleviated the final diseases severity compared with
untreated (Fig. 6a). Furthermore, the application of
insecticides significantly impeded the development of early
blight during the two-growing season by decreasing the area
under disease progress curve (AUDPC) values (Fig. 6b)
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Fig. 6. The impact of insecticides application on final disease (A) and area under early blight progress curve (B)

during 2020 and 2021 growing seasons

Effect of insecticide application on the relationship
between leaf miner infestation and early blight incidence
and severity

Correlation and regression analyses demonstrated
the relationship between the number of leaf miner (adults,
larvae, mines and minded area) and the incidence and
severity of early blight with and without the application of
insecticide program during the 2020 and 2021 growing
seasons (Table 1).

Table.1. The relation between leaf miner infestation and
early blight incidence and severity in response
to insecticides application.

R R’ R Equation P-value
2020 growing season
Insecticides

DI LMadult 019 035 002 y=3309+055x 0.17
Larvae 086 075 074 y=-098+10.15x <.0001*
Mines 093 086 086 y=531+6.14x <(0001*
Minedarea 094 089 089 y=7.99+32.74x <.0001*

DS LMadult 014 002 000 y=1235+021x 032
Larvae 078 061 060 y=-411+4.69x <0001*
Mines 095 090 090 y=-334+321x <0001*
Minedarea 097 094 094 y=-208+17.25x <.0001*

No-Insecticides
DI LMadult 067 045 044 y=-1951+219x <0001*
Larvae 085 072 072 y=-1341+9.73x <.0001*
Mines 096 092 092 y=-798+371x <0001*
Minedarea 097 095 095 y=6.89+16.74x <.0001*
DS LMadult 061 037 036 y=-969+109x <.0001*
Larvae 083 069 069 y=-6.06+200x <.0001*
Mines 094 089 088 y=-879+522x <0001*
Minedarea 098 095 095 y=154+922x <.0001*
2021 growing season
Insecticides

DI LMadult 026 007 005 y=2583+108x 006
Larvae 087 075 074 y=589+830x <.0001*
Mines 090 081 915 y=-0.88+7.49x <0001*
Minedarea 097 093 093 y=4.36+3160x <0001*

DS LMadult 025 006 004 y=7.71+047x 0.0679
Larvae 083 069 007 y=-0.79+356x <.0001*
Mines 084 071 071 y=-336+314x <0001*
Minedarea 098 096 095 y=-224+14.31x <0001*
No-Insecticides

DI LMadult 055 030 029 y=531+167x <0001*
Larvae 062 038 037 y=-043+7.25x <0001*
Mines 088 078 077 y=-2042+6.11x <0001*
Minedarea 097 094 094 y=-143+3129x <.0001*
DS LMadult 053 028 026 y=6.34+0.76x <0001*
Larvae 061 037 036 y=333+338x <.0001*
Mines 086 075 074 y=-598+285x <0001*
Minedarea 096 093 092 y=263+14.79x <.0001*
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The application of the insecticide program impacted
only the relationship between the number of leaf miner
adults and the early blight incidence and severity. No
correlation was observed between the number of leaf miner
adults and the disease incidence when insecticides were
applied in the 2020 and 2021 growing seasons (r=0.19 and
P=0.17) and (r=0.26 and P=0.06), respectively. Also, there
was no significant correlation between the number of leaf
miner adults and the disease severity when insecticides were
applied in 2020 and 2021, (r=0.14 and P=0.32; r=0.25 and
P=0.07, respectively). In contrast, the number of leaf miner
adults showed significant correlation with disease incidence
(2020 season: r=0.67, P< 0.0001 and 2021 season: r=0.55,
P< 0.0001) and severity (2020 season: r=0.61, P< 0.0001
and 2021 season: r=0.53, P< 0.0001) in potatoes plots that
did not receive insecticides during the two growing seasons.

Although the insecticide program alleviated disease
incidence and severity. Also, the number of larvae, mines, and
minded area showed a significantly high correlation with
disease incidence and severity whether insecticides applied or
not during 2020 and 2021 growing seasons (Table 1). High
significant correlation was observed between the disease
incidence and the number of larvae, mines and minded area
(r=0.84, 0.929 and 0.94, P< 0.0001, respectively) in treated
plots with insecticides in the 2020 season and 2021 growing
season (r=0.87. 0.899, and 0.97, P< 0.0001, respectively).
Likewise, untreated plots with pesticides in the 2020 season
showed high significant differences between disease incidence
and larvae, mines and minded area (r=0.85, 0.96 and 0.97, P<
0.0001, respectively) compared with 2021 growing season
(r=0.62, 0.88 and 0.97, P< 0.0001, respectively). A similar
relationship was observed between disease severity and the
number of larvae, mines and minded area. In the 2020 growing
season, highly significant correlations were found between DS
and the number of larvae, mines and minded area in both
treated plots (r=0.78, 0.95 and 0.97, P< 0.0001, respectively)
and untreated plots with insecticides (r= 0.83, 0.94 and 0.98,
P< 0.0001, respectively). In the 2021 growing season, the
same results were observed; a high correlation was found
between DS and the number of larvae, mines and minded area
in both treated plots (r=0.83, 0.84 and 0.98, P< 0.0001,
respectively) and untreated plots with insecticides (=0.61, 0.86
and 0.96, P< 0.0001, respectively).
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Discussion

This study focused on the relationships between the
population of leaf miner larvae, mines, and the leaf-damaged
or minded area and their influence on the severity and
development of the early blight of potatoes in the absence and
presence of insecticides program (abamectin 1.8% EC,
fipronil 20% SC and imidacloprid 35%SC). The results
revealed that the insecticides program significantly decreased
the number of leaf miner adults, larvae, mines, and the minded
leaf area compared to untreated plots. Furthermore, applying
insecticides indirectly alleviated early blight final disease
severity (FDS) and area under the disease progress curve
(AUDPC). The efficacy of applied insecticides on leaf miner
was previously reported in various studies; where abamectin
has provided effective against L. huidobrensis in several
countries (Vandeveire, 1991; Hammad et al., 2000;
Weintraub, 2001 and Monicaetal., 2021). It led to a reduction
in leaf miner without harmful effects on its parasitoids and
predators in potatoes (Hidrayani et al., 2005), ‘Pod Squad’
beans (Seal and McCord 1998 and Seal et al., 2002), tomatoes
(Variya and Patel, 2012) and cucumber fields (Desai et al.,
2018). Abamectin acts on insects by interfering with
glutamate-gated chloride channel receptors; this interference
paralyzes the muscles of targeted invertebrates and causes
malfunction of neural and neuromuscular transmission
(Crump and Omura, 2011 and Fent, 2014). Also, it acts on a
specific type of synapse located only within the brain and is
protected by the blood-brain barrier (Hayes and Laws, 1990).
On the other hand, imidacloprid showed effective activity
against American serpentine leaf miner and whiteflies (Sabry
etal., 2015 and Yang et al., 2013). In addition, Schuster and
Morris (2002) found that imidacloprid reduced the number of
L. trifolii mines per plant in tomatoes. Furthermore, fipronil
effectively controls L. trifolii in tomatoes (Variya and Patel,
2012). Fiprole group of chemicals is a potent disrupter of the
insect central nervous system via interference with the
gamma-aminobutyric acid (GABA-) regulated chloride
channel. It prevents the uptake of chloride ions resulting in
excess neuronal stimulation and death of the target insect
(Cole et al., 1993; Ratra et al., 2001 and Who, 2007). Thus,
the current insecticide program by the three-insecticide
provided high protection and a significant reduction in the
number of leaf miner adults, larvae, and mines as well the area
of potato leaf minded area during the two-growing season.

On the other hand, this study achieved a significant
reduction in early blight severity and AUDPC in the
insecticide-applied plots. The indirect impact of insecticides
more often comes from its influence on the population of an
insect that plays a vital role in disease dispersal and
development. The role of tested insecticides such as in
indirect suppression of plant disease has been observed a
long time ago. In this regard, imidacloprid showed an
indirect influence on plant diseases, where it provided
effective control of Stewarts disease in young corn plants
(Munkvold et al., 1996), protect tomato plantscaged with
viruliferous insects against tomato yellow leaf curl virus
TYLCV (Rubinstein et al., 1999), when imidacloprid long-
lasting systemic activity protected tomatoes from infection
by TYLCV and increased tomato yield (Ahmed et al.,
2001). In addition, the application of imidacloprid resulted
in a high reduction of insect feeding as well as showing
indirect protection of numerous field cropsi.e., cotton, corn,

sorghum, barley, wheat, rice, oats, against several diseases
(Gourmet et al., 1994, 1996; Gray and Bergstrom, 1992;
Gray et al., 1996 and Munkvold et al., 1996). In addition to
the indirect effect of abamectin on the reduction of plant
diseases in vitro experiment, abamectin at concentration
>62.5 pg/mlt caused a significant decrease in the growth of
Phaeoacremonium minimum; one of the fungal causal
agents of grapevine trunk diseases (Sebestyen et al., 2021).

Our results showed a significantly high positive
correlation only between the number of leaf miner adults
and early blight incidence and severity insecticide-free plots.
The high number of leaf miner, especially the females cause
physical damage to potato leaflets because of puncture holes
that created during oviposition. The presence of such holes
facilitates the entrance of plant pathogens such as Alternaria
spp. (Deadman et al., 2002 and Durairaj et al., 2010).
Although the application of insecticides reduced the number
of leaf miner adults, which makes it not correlated with DI
and DS. These low numbers of adults produced a high
number of larvae, mines and large-minded area. One adult
individual can lay about 100 eggs during its life cycle
(Hincapie-c et al., 1993). Although, the number of adult is
decreased by the application of insecticides, but the adult
still have the ability to produce larvae which subsequently
creates mines and increases the minded leaf area. The
damaged leaf area facilitate the infection by A. solani and
increase the DI and DS, which maintain the correlation
between leafminer parameters and diseases parameters in
positive status but the parameters significantly reduced
compared with non-treated plots.

Several studies confirmed the correlation between
leaf miner infestation and plant disease development
(Munkvold et al., 1996; Ahmed et al., 2001 and Deadman
etal., 2002). A high correlation between L. huidobrensis and
early blight caused by A. solani (Soares et al., 2019), where
leaf miner and the incidence of Alternaria leaf blight lesions
were observed on muskmelon plants (Chandler and
Thomas, 1991). Also, our results are similar to the obtained
results by Soares et al., (2019), who reported a high
correlation between the number of L. huidobrensis mines
and A. solani spots and the dissemination of A. solani in
potato plants. In addition to the previously reported roles of
leaf miner adults and the number of mines in the occurrence
of early blight, our results showed a high correlation
between the number of larvae and minded area as both
facilitate the infection by A. solani and other unstudied
diseases. The results proved that leaf miner adults are not the
main key influencing early blight incidence and severity.
Also, it confirms that the number of larvae, mines and
minded area has more impact on the incidence and severity
of potato early blight than leaf miner adults.

CONCLUSION

A high correlation was observed between leaf miner
infestation and the incidence and severity of early blight on
potato fields. Application of insecticide programs when
include, mainly, various insecticides chemical groups with
different active ingredients and modes of action i.e.,
abamectin 1.8% EC, fipronil 20% SC and imidacloprid
35%SC were effective in reducing the number of leaf miner
adults, larvae, mines, and minded leaf area which
subsequently decrease the early blight incidence and
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severity of potato plants. Several management strategies
could be used to manage leaf miner infestation and early
blight disease. However, this study focused on the impact of
the application of insecticides program on the relationship
between leaf miner L. huidobrensis and early blight severity
caused by A. solani on potato fields.

REFERENCES

Abuley, 1.K. and Nielsen, B.J. (2017). Evaluation of models
to control potato early blight (Alternaria solani) in
Denmark. Crop. Prot. 102, 118-128.

Ahmed, N.E., Kanan, H.O., Sugimoto, Y., Ma, Y.Q. and
Inanaga, S. (2001). Effect of imidacloprid on
incidence of tomato yellow leaf curl virus. Plant Dis.
2001 Jan;85(1):84-87. doi: 10.1094 /PDIS. 2001
.85.1.84. PMID: 30832077.

Alves, F.M., Diniz, J.F.S., Silva, L.W., Fernandes, F.L.,
Silva, P.R. and Gorri, J.E.R. (2014). A sampling plan
for Liriomyza huidobrensis (Diptera: Agromyzidae)
on a potato (Solanum tuberosum) plantation. Amer.
J. of Potato Res. 91: 663-672.

Baddour, A.G. and Sakara, H.M. (2020). Bio-fortification of
potato plants with different nitrogen rates and
applied iron forms in presence and absence of
azotobacter sp. Egypt. J. Soil. Sci. 60:4, 449-467.

Bowen, W. (2003). 4 Water productivity and potato
cultivation. Water productivity in agriculture: Limits
and opportunities for improvement.
10.1079/9780851996691.0229.

Bueno, A.F., Zechmann, B., Hoback, W.W., Bueno R.C.
and Fernandes, O.A. (2007). Serpentine leafminer
(Liriomyza trifolii) on potato (Solanum tuberosum
L.): field observations and plant photosynthetic
responses to injury. Ciéncia Rural, Santa Maria.
37(6): 1510-1517.

Bussey, M. and Stevenson, W.A. (1991). leaf disk assay for
detecting resistance to early blight caused
by Alternaria solani in juvenile potato plants. Plant
Dis. 1991, 75, 385-390.

Chagas, M.C.M., Parra, J.R.P., Namekata, T., Hartung, J.S.
and Yamamoto, P.T.(2001). Phyllocnistis
citrella Stainton (Lepidoptera: Gracillariidae) and its
relationship with the citrus canker
bacterium Xanthomonas axonopodis pv. citri in
Brazil. Neotropical Entomol.30:55-59.

Chandler, L.D. and Thomas, C.E. (1991). Effect of leaf
miner feeding activity on the incidence of Altemaria
leaf blight lesions on muskmelon leaves. Ptant Dis.
75:938-940. https://doi.org/10.1094/PD-75-0938

Christ, B.J. (1991). Effect of disease assessment method on
ranking potato cultivars for resistance to early blight.
Plant Dis. 75, 353-356.

Christ, B. and Maczuga, S. (1989). The effect of fungicide
schedules and inoculum levels on early blight
severity and yield of potato. Plant Dis. 73, 695-698.

Cole, L.M., Nicholson, R.A. and Casida, J.E. (1993). Action
of phenylpyrazole insecticides at the GABA-Gated
chloride channel. Pestic. Biochem. Physiol. 46, 47-54.

Crump, A. and Omura, S. (2011). Ivermectin, “‘wonder
drug”’from Japan: Thehuman use perspective. Proc.
Jpn. Acad., Ser. B, Phys. Biol. Sci. 87:13-28.

178

Deadman, M.L., Khan, LA, Thacker, J.R. M. and Al-Habsi,
K. (2002). Interactions between leafminer damage
and leaf necrosis caused by Alternaria alternata on
potato in the sultanate of Oman. Plant Pathol. J. 18:
210-215.

Desai, N.R., Bhoge, C.S., Pawar, D.B. and Bhoge, R.S.
(2018). Bio efficacy of different insecticides against
leafminer (Liriomyza trifolii) on cucumber and their
effect on natural enemies. Int. J. Curr. Microbiol.
App. Sci. 6: 2392-2395.

Duarte, H.S., Zambolim, L., Rodrigues, F.A., Paul, P.A.,
Pédua, J.G., Ribeiro Junior, J.I. Jdnior, N., Antonio,
F. and Rosado, A\W. (2014). Field resistance of
potato cultivars to foliar early blight and its
relationship with foliage maturity and tuber skin
types. Trop. Plant Pathol. 39, 294-306.

Durairaj, C. Karthikeyan, G., Ganapathy, N. and
Karuppuchamy, P. (2010). Predisposition effect of
Liriomyza trifolii damage to Alternaria leaf spot
disease in tomato. Karnat. J. of Agri. Sci. 23: 161-162.

FAO. (2005). State of the World's Forests 2005. Food and
Agriculture Organization of the United Nations,
Rome.

Fent, G.M. (2014). Avermectin. Pages 342-344 in:
Encyclopedia of Toxicology, 3rd ed. P. Wexler, ed.
Academic Press, Oxford, U.K.

Gottwald, T.R., Graham, J.H. and Schubert, T.S. (1997). An
epidemiological analysis of the spread of citrus
canker in urban Miami, Florida, and synergistic
interaction with Asian citrus leafminer. Fruits.
52:383-390.

Gourmet, C., Kolb, F.L., Smyth, C.A., and Pedersen, W.L.
(1996). Use of imidacloprid as a seed treatment
insecticide to control barley yellow dwarf virus in
oat and wheat. Plant Dis. 80:136—141.

Gourmet, C., Hewings, A.D., Kolb, F.L., and Smyth, C.A.
(1994). Effect of imidacloprid on nonflight
movement of Ropalosiphum padi and the
subsequent spread of barley yellow dwarf virus.
Plant Dis. 78:1098-1101.

Gray, S.M., and Bergstrom, G.C. (1992). Imidacloprid
controls cereal aphids and alters barley yellow dwarf
epidemiology. (Abstr.) Phytopathology, 82:1073.

Gray, S.M., Bergstrom, G.C., Vaughan, R., Smith, D.M.,
and Kalb, D.W. (1996). Insecticidal control of
cereal aphids and its impacton the epidemiology of
the barley yellow dwarf luteoviruses. Crop Prot.
15:687-697.

Grigolli, J.F.J., Kubota, M.M., Alves, D.P., Rodrigues, G.B.,
Cardoso, C.R., Rodigues, G. and Bet al., (2011).
Characterization of tomato accessions for resistance to
early blight. Crop Breed Appl. Biotech. 11:174-180.

Gusmao, M.R., Picanco, M.C. Zanuncio, J.C. Silva, D.J.H.
and Barrigossi, J.A.F. (2005). Standardized sampling
plan for Bemisia tabaci (Homoptera: Aleyrodidae) in
outdoor tomatoes. J. Hortic. Sci. 103: 403- 412.

Gusmao, M.R., Picanco, M.C., Guedes, R.N.C., Galvan,
T.I. and Pereira, E.J.G. (2006). Economic injury
level and sequential sampling plan for Bemisia
tabaci in outdoor tomato. J. Appl. Entomol. 130:
160-166.


https://doi.org/10.1094/PD-75-0938

J. of Plant Prot. and Path., Mansoura Univ., Vol.14 (6), June, 2023

Hammad, E.M.A., Nemer, N.M., Kawar, N.S. (2000).
Efficacy of chinaberry tree (Meliaceae) aqueous
extracts and certain insecticides against the pea
leafminer (Diptera: Agromyzidae). J. Agri. Sci.
134:413-420.

Hayes, W.J. and Laws, E.R. (eds.). (1990). Handbook of
insecticide toxicology, classes of insecticides, Vol.
3. Academic Press, Inc., NY.

Heinz, K.M. and Chaney, W.E. (1995). Sampling for
Liriomyza huidobrensis (Diptera: agromyzidae)
larvae and damage in celery. Environ. Entomol. 24,
204-211.

Hidrayani, P., Rauf, A., Ridland, P.M. and Hoffmann, A.A.
(2005). Insecticide applications on Java potato fields
are ineffective in controlling leafminers and have
antagonistic effects on natural enemies of
leafminers. Int. J. of Pest Manag., July—September
2005; 51(3): 181 — 187.

Hincapie-c, M.C., Saavedra-h, M.E. and Trochez-p, A.L.
(1993). Liriomyza huidobrensis (Blanchard) life
cycle, habits and natural enemies in bulb onion
(Allium Cepa L.).Revista Colombiana De
Entomologia, 19 (2), 51-57.

Holley, J., Hall, R. and Hofstra, G. (1985). Effects of
cultivar resistance, leaf wetness duration and
temperature on rate of development of potato early
blight. Can. J. Plant Sci. 65, 179-184.

Jindo, K., Evenhuis, A., Kempenaar, C., Pombo Sudré, C.,
Zhan, X., Goitom Teklu, M. and Kessel, G. (2021).
Review: Holistic pest management against early
blight disease towards sustainable agriculture. Pest
Manag Sci. 77(9):3871-3880.

Larrain, P. (2004). Situacion de la mosca
minadora Liriomyza huidobrensis (Blanchard) en
cultivos de la papa del cono sur de América y sus
perspectivas de manejo integrado. En: XXI
Congreso de la Asociacion Latinoamericana de la
Papa (ALAP). Valdivia, Chile, pp. 5-15.

Lopez, R., Carmona, D., Vincini, A. and Manetti P. (2003).
Incidencia de la mosca minadora de la
hoja, Liriomyza huidobrensis Blanchard, en cultivos
de papa con manejo tradicional Facultad de Ciencias
Agrarias, UNMdP-INTA, Balcarce, Buenos Aires.

Monica, S.S., Sathish Kumar JK. Bojan, V.,
Krishnamoorthy, S. and Rajendran, L. (2021). A
review on management of leafminer in horticultural
crops. J. of Entomol. and Zool. Studies. 9(2): 1204-
1213.

Mujica, N. and Cisneros F.(1997). Developing IPM
components for leafminer fly in the Cafiete valley of
Peru. Program Report 1955-1956, International
Potato Center, Lima, Peru. (1997), 177-183

Mujica, N. and Kroschel, J. (2013). Pest intensity-crop loss
relationships for the leafminer fly Liriomyza
huidobrensis  (Blanchard) in different potato
(Solanum tuberosum L.) varieties N. Crop Prot. 47:
6-16.

Munkvold, G. P., McGee, D.C. and lles, A. (1996). Effects
of imidacloprid seed treatment of corn on foliar
feeding and Erwinia stewartii transmission by the
corn flea beetle. Plant Dis. 80:774—749.

179

Palumbo, J.C. (2012). Insect management on desert produce
crops: leafminers. Veg. IPM, 3(21): 17-20.

Pandey, H., Menon, T. and Rao, M. (1989). A simple
formula for calculating area under disease progress
curve. Barley Wheat News lett. 8, 38-39.

Parrella, M.P., Jones, V.P., Youngman, R.R. and Lebeck,
L.M. (1985). Effect of leaf mining and leaf stippling
of Liriomyza spp. on photosynthetic rates of
chrysanthemum. Ann. Entomol. Soc. Amer. 78 (1),
90-93.

Picanco, M.C., Morais, E.G.F., Xavier, V.M., Sousa, F.F.,
Dangelo, R.A. and Chediak. M. (2011). Producdo
Integrada da Batata. In Manejo Integrado de Pragas
na Producdo Integrada da Batata, ed. L. Zambolim,
37p. Vigosa: Universidade Federal de Vigosa.

Ratra, G.S. and Casida, J.E. (2001). GABA receptor subunit
composition relative to insecticide potency and
selectivity. Toxicol. Lett. 122, 215-222.

Rubinstein, G., Morin, S. and Czoshek, H. (1999).
Transmission of tomato yellow leaf  curlgemini
virus to imidacloprid treated tomato plants by the
whitefly Bemisia tabaci (Homoptera; Aleyrodidae).
J. Econ. Entomol. 92:658—662.

Sabry, A.H., Abd-El Rahman, T.A. and Abolmaaty, S.M.
(2015). Influence of some new insecticides on
sweetpotato whitefly, Bemisia tabaci and American
serpentine leafminer, Liriomyza trifolii and their
residues in cucumber fruits. Int. J. of Adv. Res.
3(10):1874 — 1881.

Schuster, J.D., and Morris, F.R. (2002). Comparison of
imidacloprid and thiamethoxam for control of the
silver whitefly, Bemisia tabaci and the leafminer,
liriomyza trifolii on tomato. Proc. Florida St. Hort.
Soc. 115: 312 - 329

Seal, D.R. and McCord, Jr. E. (1998). Control of leafminers
on potatoes, Arthro. Manag. Tests. 23:130.

Seal, D.R., Betancourt, R. and Sabines, C.M. (2002).
Control of Liriomyza trifolii (burgess) (diptera:
Agromyzidae) using various insecticides. Proc.
Florida State Hort. Soc. 115:308-314.

Sebestyen, D., Perez-Gonzalez, G., Ghoshal, M. and
Goodell, B. (2021). Effect of abamectin on fungal
growth and its efficacy as a miticide in the
laboratory. Phytopathology. 111(7):1091-1094.

Shepard, B., Samsudin, M. and Braun, A.R. (1998). Seasonal
incidence  of Liriomyza  huidobrensis (Diptera:
Agromyzidae) and its parasitoids on vegetables in
Indonesia. Int. J. Pest Manag. 44, 43-47

Shtienberg, D., Bergeron, S., Nicholson, A., Fry, W. and
Ewing, E. (1990). Development and evaluation of a
general model for yield loss assessment in
potatoes. Phytopathology. 80, 466-472.

Soares, W.S., Plata-Rueda, R. A., de Sena Fernandes, M.E.,
Fernandes, F.L., Alves, F.M. and da Silva, I.W.
(2019). First record of Liriomyza huidobrensis
(Diptera: Agromyzidae) disseminating Alternaria
solani  (Pleosporaceae) in potato crops in
Brazil. Florida Entomol. 102 (1), 234-235.

Southwood, T.R.E. (1978). Ecological methods particular to
the study of insect population. 2nd ed. Chapman &
Hall, London, 424pp.



Marwa F. K. Aly et al.

Van der Waals, J.E., Korsten, L. and Aveling, T.A.S.
(2001). A review of early blight of potatoes. Afr. J.
Plant Prot. 7(2): 91-102.

Vandeveire, M. (1991). The selective insecticide
cyromazine allows efficient control of leafminers in
glasshouse lettuce and tomatoes.

Landbouwtijdschrift. 44:923-927.

Variya, M.V. and Patel, J.J. (2012). Evaluation of different
insecticides against leaf miner (Liriomyza trifolii
Burgess) in tomato. AGRES-An Int. e-Journal.
1(4):453-462.

Weintraub, P.G. (2001). Effects of cyromazine and
abamectin on the pea leafminer Liriomyza
huidobrensis (Diptera: Agromyzidae) and its
parasitoid  Diglyphus isaea  (Hymenoptera:
Eulophidae) in potatoes. Crop Prot. 20: 207-213.

WHO. (1997). Insecticide Residues in Food - 1997:
Fipronil; International programme on chemical
safety, world health organization: Lyon, 1997.

Yang, X., Xie, W., Wang, S.L., Wu, Q.J., Pan, H.P., Li,
R.M.,, Yang, N.N,, Liu, B.M., Xu, B.Y., Zhou, X.,
Zhang, Y.J. (2013). Two cytochrome P450 genes are

involved in imidacloprid resistance in field
populations of the whitefly, Bemisia tabaci, in
China. Pest. Biochem. Physiol. 107: 343-50.

Venkateswarlu, C. and Ramapandu, S. (1992). Relationship
between incidence of canker and leafminer in acid
lime and sathgudi sweet orange. Indian Phytopathol.
45:227-228.

Waldir, C., Jesus, J., José, B. J., Lilian, A., Rock, S,
Christiano, C., José, R., Parra, P., Armando B.F. and
Fitopatologia, B. (2006). Injuries caused by citrus
leafminer (Phyllocnistis citrella) exacerbate citrus
canker (Xanthomonas axonopodis pv. citri)
infection. Sociedade Brasileira de Fitopatologia.
31(3): 277-283.

Liriomyza @4 claila o Al o 3,8y 4 ,8adl) Clagall galip Gadad 4l o
(ubldal) Jgia 8 B Suall 5 5ail) L pay Asba¥) s huidobrensis

' Lhaa o g Tan e daiS o9l pd 3310 O e JalS (39 B0 g s
) el e S - ) 6 )
il el - e S - il iyl

gadlall

W) e o puill A pall o3 gl Ao )3l and g0 OIS el il a3 A Aegall ) 5aY1 (00 Alternaria solani sl L (5 Saell 3 sail
Jae Jsinll 85 pdall Mamd a3 Do jall jeme ) sgany L) Aailaay Gulalladl Jsin 85 Suall 5500 (o yay Aol 505 5 A 5 FY) Cilailiay ALY G
J}sa.“umuﬁa‘)SAAX\EJAJ\uaf)#@ﬂj%hay\aﬂj:um‘ﬁmeusY fYY 5YeY @N%\J‘)ﬂ?ﬂ}nd%&u)ﬂ|HL)}@MW\&B@M\)A&\
a3 e abamectin 1.8% EC, fipronil 20% SC and Imidacloprid 35%SC :ilawe b ety 4y ydia Ciliise el g G il 4 50 o3 Al 5l e
Clailial Bl 5 el e o AKH Cl aall 2o e S s F g (5 sina Tl ) 3 ga g Al 838 iy Al ia ey Al 328 g dand e Lad s (el claila
il 1 5 i e ALK ol jall e (Rl & e 50 Cpansal) DM Galalhdl 35 )Sead) Al (i e a5 At Gy Y Aalisa s HEY)
e G iV e Ll lld LS 5 ool Gadlll i pay a5 5 s iag) (2t LS Ay i) lanaally )1 geals 0 Ghaaday (5 sina S (3810 Aalina 5 3y
Jisiall 8 yzal a1 Clypuney Bua) 5 ol piall (pn B8Mally 48yl g 5 o8 sl 52l 03 sl 5 Sal) Amlll yom poy Alia¥) B35 5 A 5 (3] Cbailial ALASH )yl
BSaall dadl 5 a1 Clatlin (po OIS RS Jlard ALalSe A8l el gy ol b lld (e Bl RS b 5 s gial)

180



