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Abstract

n the present study the population fluctuation and host
I preference of the tomato leaf miner Tuta absoluta (Meyrick), a

dangerous pest attacking Solanaceae in Egypt causing great
losses, was investigated using pheromone traps. The study was
conducted in Kafr El Sheikh Governorate. The incidence of the pest
was studied in two important vegetable crops, /e tomatoes and
eggplants. Pheromone traps were used to capture males of T.
absoluta in two different locations per crop. Number of moths was
recorded through a period of 4 months starting from October 2016
till January 2017. Degree Days Unit was estimated during the
period of the research, in addition, temperature, relative humidity
and wind velocity effects on the pest population fluctuation was
investigated. Moreover, the effect of the pest on the economic
indicators of tomato crop was also studied. 7. absoluta registered 4
peaks in both crops, prefers tomato as primary host plant and is
active within the range of 10-20°C. Relative humidity did not affect
the pest population either in tomato or in eggplant within the
period and location of the experiment whereas wind velocity
showed a direct effect. Males’ captures increased when wind
velocity ranged between 40-58 Km/hr. Results indicated that the
loss in production of tomatoes in Kafr El Sheikh Governorate
reached 17.2 thousand tons, while on the country level it reached
about 571.8 thousand tons, which equivalent to 26.7 and 880.6
thousand pounds on both levels, ie. Kafr El Sheikh and country,
respectively. The economic evaluation analysis indicated that on
the 4t and 5% weeks of tomato transplanting; control measures
intensity should be condensed to decrease the rate of pest
infestation in tomato fields.

INTRODUCTION

Egypt is considered one of the most important tomato producers in the world
(WPTC, 2011). The area under cultivation spread from the extreme north to the
extreme south and approximately 531.1 thousand feddans ({1 feddan = 0.42 ha)
produce about 9 million tons annually (Bekheit and Latif, 2015). This ranked Egypt as
the fifth tomato producer in the world (Mahmoud et a/.,, 2015). The maijority of this
area is concentrated in Delta region.
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On the other hand, eggplant is an important vegetable crop that is widely
cultivated in the tropical and subtropical areas. Globally, the top three eggplant
producers are China, India, and Egypt (Del Prado-Lu JL. 2015).

The tomato leaf miner Tuta absoluta (Meyrick) is considered as a serious pest
to the Solanaceous crops. It is a poly-phagous leaf miner that can develop on hosts
such as tomato and eggplant (Desneux et al. 2010 and 2011). It invaded Egypt
through the Libyan borders in 2009 and by the year 2011 it was well established in all
Egyptian governorates (GAFFAR, 2012). 7. absoluta attacks the plant in all its
developmental stages from seedlings to mature but it prefers the fruits. At high
densities this destructive pest can cause severe yield losses (Hristina ef al., 2016). In
Kafr el Sheikh Governorate a percentage of 100% infestation occurred in tomato fields
as stated by Moussa et al., (2013). They added that high infestation led to an increase
in tomato prices, bans on the trade of tomato including seedlings, in addition to the
increase in synthetic insecticide applications and in the cost of crop protection. It was
also documented attacking eggplant in Matroh Governorate by Soliman and Imam
(2013).

Furthermore, Lepidoptera pheromones have been successfully used for insect
monitoring and mating disruption of insects. Virgin female of 7. absoluta releases a
sex pheromone that strongly attracts males. By monitoring 7. absoluta males using
pheromone traps, it may be possible to determine the correct timing for insecticide
applications leading to a reduction and rational use of pesticides (Abolmaaty et al,
2010).

Nevertheless, the environmental conditions such as temperature and relative
humidity are factors that influence insect physiology and behavior and thus its
infestation rate and plant destruction causing substantial losses in yield {(Abolmaaty et
al., 2010).

Unfortunately, there are neither enough records on the population fluctuation
of this pest in Egypt nor its economic evaluation. Therefore, the objectives of this
study are to monitor 7. absoluta in tomato and eggplant fields in Kafr el Sheikh
Governorate using pheromone traps and investigate the relationship between the pest
population on both crops and some environmental factors, i.e. temperature, relative
humidity and wind velocity. In addition, an economic evaluation estimating the loss in
productivity, area, production, costs and net return was conducted.

MATERIALS AND METHODS

The present study was implemented in Kafr El Sheikh Governorate- Egypt.
The investigation extended from the first week of October 2016 till the last week of
January 2017. An area of one feddan (4200 m?= 0.4 hectare) was divided into 4 plots
f.e. two for tomato and two for eggplant.
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calculations were made to estimate the number of possible generations of T. absoluta
in the field.

e- STATISTICAL ANALYSIS:

The data was subjected to analysis of variance (ANOVA) and the means were
compered by L.S.D test at P< 0.01 levels, using SAS program. In addition, when a
significant value was found averages were compered by Duncan Test. It was used to
compare the number of captured males to weeks and identify weeks where high
infestation occurs.

RESULTS AND DISCUSSION

To improve monitoring programs and to design effective management
strategies of the tomato leafminer 7. absoluta populations in Egypt, it was important
to strengthen our knowledge on the dynamics of invasion, pest population fluctuation
and environmental conditions suitable for this pest in addition to its economic
evaluation at the level of the country and also in Kafr el Sheikh Governorate, one of
the Egyptian regions where tomato and eggplant are cultivated.

L INCIDENCE OF T. ABSOLUTAIN TOMATO FIELDS IN BOTH LOCATIONS:

Males of Tuta absoluta were attracted to the pheromone traps and relative
differences were observed in their mean numbers. Data collection in tomato first plot
started on the 10" of October 2016 where the mean number of male captures
reached 21.50+ 5.95, then, number of males increased gradually till it reached
34.50+11.9 by the end of October (Table 1). Male's number in the pheromone traps
continued to increase where on the first week of November (7™ of November) it
reached 4946.45 and this was the highest number registered during the whole
season. However, starting from the second week of November number of moths
fluctuated between 14.17+2.06, 19.50+4.57 and reached 20.17+2.75 by the end of
the month. In the first week of December the mean number of captures was
(19.50+2.66), yet, it decreased dramatically till it reached 0.83+0.83 on the 26™ of
December. A slight increase in the number of male moths occurred in the first week of
January (1.33+1.15), followed by another increase in the second week (4.67+£1.67),
while in the following two weeks reduction continued to occur until humbers of T.
absoluta males reached 0.83+0.54 by the end of January as shown in table (1).

On the other hand, in tomato’s second plot humber of captures was relatively
close during the month of October (/.e. 24.67+2.56, 19.1743.06, 23.83+7.65 and
24.33+3.38). These records were the highest during the whole season in this plot as
shown in table (1). While during the next 2 months captures were fluctuated in their
number. The least record registered was on the 23 of January /.e. 2.50+1.31.

Males of T. absoluta population had relatively the same pattern in the two
tomato locations where no big differences in the total male’s number in both locations
were noticed in the pheromane traps (1668 and 1722, respectively).
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IL. INCIDENCE OF 7. ABSOLUTA IN EGGPLANT FIELDS IN BOTH LOCATIONS:

It was clearly noticed that there is a dramatic reduction in the number of
males’ captures in the two eggplant plots when compared to tomato plots. This was
attributed to the host preference of T. absoluta where it attacks tomatoes as the most
preferred host in family Solanaceae. Several authors had reached the same
conclusion, /.e. Salama et al.,, 2015, Caparros, et al. (2014) and Garica and Espul
(1982) where they confirmed that 7. absoluta showed more preference to tomato
followed by black nightshade, eggplant, potato and pepper. Total number of moths
captured in tomato fields in the two locations was 1668 and 1722, respectively, while
in eggplant fields numbers decrease;d in the two locations where they registered 192
and 233, respectively. These findings support previous studies carried out by Pereyra
and Sanchez (2006) and Miranda et al. (1998).

Maximum registered number of male’s captures occurred in the 3@ week of
November i.e. 10.7522.72, then, numbers of males fluctuated as shown in table (1)
till it dropped to 1£0.41in the last week of December. No captures were recorded in
the first week of January, yet, a very slight increase occurred in the second week of

January where male records registered 0.5£0.29 in average. During the last two -

weeks of January no moths were caught in the pheromone traps.

Mean numbers of captures in the second location registered its maximum in
the first week of December where it reached 7.5%2.25. Otherwise, number of males
fluctuated through the period of the experiment registering its minimum capture
during the three latest weeks of January where no moths were collected at all (Table
1).

1. Relative number of captured moths:

Results in table (2) and Figure (2) show that there are 4 peaks that occurred

in the first tomato plot on the inspection dates of October 17", November 7" and 28"
and finally in January 9" where the relative number of captured moths were
10.5,17.6, 7.2 and 1.67, respectively.
Moreover, T. absoluta registered 4 peaks also in the second tomato plot with
differences in dates and number of captures when compared to the first plot as seen
in Figure (3). Peaks dates were on the 7" and 21% of November, 5" and 19 of
December were relative number of captured moths were 8.5, 8, 7.2, and 7.2,
respectively. On the other hand, captures of 7. absoluta registered the same number
of peaks in eggplant plots where four peaks were registered in the first plot as
showed in table (2) and illustrated in Figure (4). These 4 peaks occurred on the 17%
of October, 7" and 28™ of November and finally 12 of December (relative number of
captures were 9.3, 11.4, 22.3 and 10.4, respectively). Similarly, the second plot
witnessed 4 peaks as illustrated in Figure (5), i.e. on the 24% of October, 7™ and 21%
of November, and finally the 5*" of December (9, 11.6, 8.5, and 12.9, respectively).
These results were found also by Mahmoud et al. (2015) where they found that 7.
absoulta has 4 peaks during both the winter and summer plantations.
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Table 1. Population Fluctuation of 7Tuta absoluta Males Captured by Pheromone Traps on Tomato and Eggplant Plantations
(Oct. 2016 ~Jan. 2017) in Kafr El Sheikh Governorate.
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§ 197 6.17 C-E 3.62 19.33A-D 2.44 4.25AB 2.02 2.75BC 1.03 5.9 13.1 79.4 46.8
26" 0.83E 0.83 12.33A-D 4.30 1.508 0.96 2.75BC 2.14 4.9 14.6 719 52.4
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g g% 4.67 D-E 1.67 5.67 CD 1.96 0.008 0.00 0.25C 0.25 5.0 11.35 72.5 106
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234 0.83E 0.54 250D 1.31 0.00B 0.00 0.00C 0.00 9.3 14.75 75.55 56
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Table 2. Relative Number of Captured Moths of 7. absoluta in Tomato and Eggplant
Piots in Kafr el Sheikh Governorate.

Relative Number of Captured Moths
Months Inspection Date Tomato plot 1 | Tomato plot 2 Eggplant plot 1 Eggplant plot 2
0™ 7.7 9.6 8.85 10.7
8 17" 10.5 8.6 9.3 8.5
© 24t 9.6 6.7 5.7 9
31 12.4 8.3 7.8 8.1
7" 17.6 8.5 114 11.6
3 14% 5.1 6.5 1.5 6.8
=z 21 7 8 4.6 8.5
28" 7.2 6.6 22.3 8.1
5th 7 7.2 2.6 12.9
8 12% 2.22 5.8 10.4 5.6
a 19t 2.22 7.2 8.8 4.7
26" 0.29 6.7 3.1 4.7
2™ 0.47 4.3 2.1 0
c gth 1.67 2.8 0 0.4
m
- 16" 0.41 1.9 1 0
23 0.30 1 0 0
Fig.(2): Fluctuation of T. absoluta Fig. (3): Fluctuation of T. absoluta in
in tomato 2nd plot
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Differences between Weeks and Locations in Tomato Fields:

The analysis of variance indicated that significant differences were noticed between
the weeks in tomato fields, male’s number and weeks and the interactive effect
between the locations and weeks as well, yet, no significant differences were noticed
for male’s number between the locations (Table 3). When using Duncan test number
of males showed significant differences on the 5" week other than the rest of weeks
followed by 2™, 4, 13™ and 15" weeks (Table3).
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Table 3. Analysis of Variance for the Interactive Effect of 7. absoluta in Relation to
Weeks in the Two Tomato’s Locations.

Source Type III Sum of Squares DF Mean Square F value Sig.
Corrected Model 22760.078° 31 734.196 6.907 *x
Weeks 17908.995 15 1193.933 11.232 *x
places 155.880 1 155.880 1.466 .228
Locations*weeks 4695.203 15 313.014 2.945 **
Error 17008.167 160 106.301
Total 94477.000 192
Corrected Total 39768.245 191
** Highly significant at 0.01
Table 4. Results of Duncan Test of T. absoluta Males/Weeks for Tomato
Weeks Average ' Homogenous subsets
lst znd 3rd 4th Sth 6th 7th 8th 9th
5t 36.6
40 29.2
2 27.0
1 24.4
3¢ 23.0
7% 21.1
gt 20.0
g 19.5
6 16.3
11 12.5
g% 11.4
12t 10.0
14% 8.5
13* 4.7
15t 3.4
16 1.9

The shaded cells refer to the significant difference of the week compared to
the other un-shaded weeks between the homogenous subsets.

Differences between Weeks and Locations in Eggplant Fields:

Table {5) shows that significant differences were noticed between weeks and between
weeks and number of males captured, however, no significant differences were
noticed in male’s number in the different locations. Duncan test showed significant
differences in the 8" week followed by the 5%, 1% and 2" weeks as shown in (Table
6).

Table 5. Analysis of Variance for the Interactive Effect of 7. absoluta in Relation to
Weeks in the Two Eggplant’s Locations.

Source Type I Sum of Squares DF Mean Square F value Sig.
Corrected Model 848.117° 3 27.359 3.076 *x
Weeks 619.242 15 41.283 4.642 *x
__places 13.133 1 13.133 1.477 227
Places*weeks 215.742 15 14.383 1.617 .083
Error 853.750 96 8.893
Total 3113.000 128
Corrected Total 1701.867 127

** Highly significant at 0.01
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Table 6. Results of Duncan Test of T. absoluta Males/Weeks for Eggplant.
Weeks Average 1 2 3 4% 5t 6®

gth 7.8

5th 6.13

1=t 5.25

20 4.75

gt 4.38

4tn 4.25

10t 4.13

3 4.0

7t 3.63

11 3.50

6t 2.38

12t 2.13

13" 0.50

15t 0.25

14t 0.13

16" 0.0

The shaded cells refers to the significant difference of the week compared
to the other un-shaded weeks between the groups

These findings indicate that 7. absoluta control programs in tomato should be
intensified in the weeks pointed out previously according to the average of pest
numbers. The weeks of severe infestation and the rate of control that should be
implemented are highlighted in table (7).

Table 7. Severity of Infestation with 7. abso/uta in Tomato and Intensity of Control

Weeks of Infestation intensity of Control
5th and 4th Very high
2nd and 1st High
3rd, 7th and 9th Moderate
8th and 6th Moderate to some extent
11ith and 10th Satisfied
12th and 14th Normal
13th ,15th and 16th Normal

On the other hand, in eggplant fields control programs should be concentrated in the

period of the shaded weeks highlighted in table (6) and the next table shows the

descending order of weeks according to the infestation and the intensity of control.

Table 8. Severity of Infestation with 7. absoluta in Eggplant and Intensity of control

Weeks of Infestation

Intensity of Control

8" Very high
5t , 1t and 2™ High
9™ 4th and 10 Moderate

34, 7% and 11

Moderate to some extent

6" and 12"

Satisfied

13™ ,15% | 14% and 16

Normal
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8.18 million tons. The cost per feddan increased from LE 4312 in 2011 up to LE 5743
in 2015, whereas, the net return per feddan decreased from LE 19793 in 2012 to LE
17118 in 2014 and increased slightly up to 17317 in 2015, as shown in table (9).

Table 9. Economic Indicators of Tomato Crop and the Records in Egypt (2011-2015).

year Area Record Produc Record Produc- Record Cost Record Net Record
1000/ fivity tion average return
Ton/f 1000 ton LE/f LE/f
2011 505.8 100 1592 100 8053.7 100 4312,0 100 19714.33 100
212 5152 1019 16.64 1045 8571.1 106.4 4550.7 105.5 17793.33 90.3
2013 488.8 96.6 16.92 106.3 8269.2 102.7 4886.7 1133 17564.67 89.1
2014 509.6 100.8 16.22 1019 *8264.5 1026 5296.7 128 17118.33 86.8
2015 468.5 92.6 16.49 103.6 mi 95.9 5743.0 133.2 17317.67 87.8
Average | 497.6 - 16.43 - 8177.2 - 49578 - 17901.67

Source: the Ministry of Agriculture and Land Reclamation- Economic Affairs Sector- Agriculture Statistics

Bulletin- different issues

The Loss and Its Relation to the Economic Indicators for Tomato in Egypt:

T. absoluta causes great losses in tomato productivity that influences the
economic indicators related to this crop. In a study carried out by FAO (2016) it was
mentioned that the productivity of tomato decreased by about 7.4% as a result of the
infestation by T. absoluta. Yet, there are no enough economic studies concerning the
losses caused by this pest on tomatoes, therefore, the following section of this study
depends mainly on the resuits we got during our investigation as guiding data to
calculate the economic impact of T. absoluta and its effect on the economic indicators
of tomato in Kafr El Sheikh and also on the country level.

From table (10) it is clear that the losses in cultivation area due to infestation
with T. absoluta did not exceed 0.99 thousand feddan in Kafr el Sheikh Governorate
and 34.7 thousand feddan at the country level. While the losses in productivity on
both levels reached 1.28 and 1.22 tons/ feddan, respectively. Due to losses in both
productivity and area, the loss in production on the level of Kafr El Sheikh reached
17.2 thousand tons, while on the country level it reached about 571.8 thousand tons.
When calculating these losses and expressing them in money it reached 26.7 and
880.6 thousand pounds on Kafr El Sheikh and country level, respectively.

The losses in the costs of production per feddan reached about LE 416.2 and
424.9 on both levels, respectively. Whereas the total cost losses for the total area at
the level of Kafr El Sheikh and the whole country reached about 5.6 and 199 million
pounds, respectively. In addition, table (10) also clarify that the loss in net return per
feddan reached 1564 in Kafr El Sheikh and 1281.5 on Egypt level.
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Table 10. The Economic Losses Caused by T. absoluta on the Economic Indicators
Related to Tomato Crop at Kafr El Sheikh and Country Levels.

Level Loss % Area Productivity Production Costs Farm Net Loss in
1000 f. Ton/f. (1000 tons) LE/f. price return area
4 LE/ton LE/f. 1000 f.
1 2 3 5 6 7 8=1*2
Kafr el 7.4 13.5 17.25 232.88 5609 1550 21135 0.99
Sheikh
Country 468.5 16.49 7727.2 5743 1540 17318 34.67
Loss in Loss in Total loss Loss value | Total loss Loss Total loss
producti | producti value in in costs/f. in costs value x value x
vity /f. on production 12=(5/3)*9 | (1000LE) net net
9=1%3 (1000 (1000 LEY return return
tons) 11=6*10 LE/F, 15=2*%14
10=1*4 14=1*7
Or
2%9
Kafr el 1.28 17.23 26706.5 416.2 5618.7 1564 21114
Sheikh
country 1.22 571.81 880587.4 424.9 199065.7 1281 600397
Source:

» The Ministry of Agriculture and Land Reclamation- Economic Affairs Sector-
Agriculture Statistics Bulletin- different issues.

o Market evaluation of chain value of tomatoes and grabs in Egypt- FAO- Neaf East
Regional Office- in Egypt- August, 2016.

e Table (5).
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1788 DETECTING POPULATION FLUCTUATION OF TUTA ABSOLUTA ON SOME SOLANUM SPP.
IN RELATION TO DIFFERENT ENVIRONMENTAL CONDITIONS AND IT'S ECONOMIC
EVALUATION IN KAFR EL SHEIKH GOVERNORATE, EGYPT
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