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ABSTRACT

The seasonal abundance of Aulacaspis tubercularis (Newstead) and
its associated parasitoids on mango trees varity hendi was studied in
Inshas EI-Raml district, Sharkia Governorate during the two
successive years (2017 and 2018).

The obtained results were summarized as follows:

1.

2.

3.

Females, males and total alive stages population showed two peaks of
activity during the two successive years.
Nymphs population appeared four and two peaks of activity during
the two successive years, consecutively.
During the first year the mean percentage of total mortality (13.71%)
was relatively lower than the mean percentage of total mortality
during the second one (29.52%).
During the course of this work, two hymenopterous species were
recorded as parasitoids of A. tubercularis. They were Aphytis sp. and
Aspidiotiphagus sp.(Aphelinidae).The mean percentages of parasitism
were 2.78 and 7.37% during the first and second years, respectively.
Coefficient of determination (C.D.%) affected total number of alive
stages population by 70.60 and 87.13 % during the first and second
years, consecutively.
The pest, A. tubercularis had three generations annually on mango
trees varity hendi during the two successive years. The generation
took about 3 to 5 months.
The insect and its associated parasitoids occurred in north eastern
side of the trees.
Conclusively, seasonal abundance of Aulacaspis tubercularis

(Newstead) and its associated parasitoids on mango trees varity Hendi
showed that female, males and total alive stages population two peaks of
activity during the two successive years. The pest, A. tubercularis had
three generations annually during the two successive years. During the
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course of this work, two hymenopterous species were recorded as

parasitoids of A. tubercularis. so, when uses pesticides it must be

concentrate on the opposite side.

Key words: Seasonal Abundance, Number Of Generations, Aulacaspis
Tubercularis , Associated Parasitoids, Mango Trees.

INTRODUCTION

Mango trees, Mangifera indica Linnaeus (Anacardiaceae) considered as
one of the most popular fruits in Egypt. It contains a high percent of sugar,
protein, fats, salts, vitamins. It plays an important role in food industrialization
such as juices, which wanted with large amounts to export according to good
reputation of Egyptian varieties. Now, the Egyptian policy strategy is to
increase the quality level of exported crops to certain European countries, for
this reason many efforts has been done to increase the total cultivated areas of
mango in Egypt, as a favorable fruits in many countries.

A. tubercularis represented as the most important pests which infesting
mango trees in many countries of the world. It causes serious damage to the
infested trees. Such damages are distortion of foliage, discoloration of flowers,
distorted blossoms and reduction in the general vigor of the trees. Joubert et al.
(2000) reported that A. tubercularis injures the leaves and fruits, affecting the
commercial value of the fruits and their export potential. Infested mango fruits
have conspicuous pink blemishes around the feeding sites of the scales. In
nurseries, severe early-stage infestation retards growth.

Young trees are particularly vulnerable to excessive leaf loss and death of
twigs due to scale, during hot dry weather. A. tubercularis presents significant
pest problems on mangoes in South Africa. It is also a problem on mangoes in
Australia, East and West Africa, North and South America and the Caribbean
Islands. Radwan (2003) reported that A. tubercularis had three generations on
mango trees at Beni- Swief Governorate, Egypt. Kwaiz (2009) in Egypt,
mentioned that this insect had three peaks on mango which occurred during
March, June and November through each of the two studied years, while
the lowest population was occurred in mid July. Also, data clearly showed
that A. tubercularis had four overlapping annual generations during the two
studied years. According to its economic importance in Egypt especially on
mango trees, the present work was carried out to study the seasonal fluctuations
of this insect, its natural enemies, and the effects of a biotic factors (temperature
°C, relative humidity RH% and light intensity Lux) on both insect and its
natural enemies. EI-Metwally et al. (2011), Abo-Shanab (2012) and Nabil et al.
(2012). They revealed that A. tubercularis recorded three or four peaks of
activity during the year. The pest activity appeared three annual generations in
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either the top and bottom levels of mango trees. Also, they reported that the
armored scale insect, A. tubercularis and its natural enemies concentrated in
eastern side of the trees. Also, this pest preferred the upper surface of leaves
during cold month.Therefore, the present investigation was aimed to study:

1- Population density and seasonal abundance of different stages of A.
tubercularis and their number of annual generations.

2- Associated parasitoids as well as the role of biological control agents in
reducing the infestation of this pest.

3- Effect of climatic factors (Maximum temperature, minimum temperature,
relative humidity, light intensity and solar radiation) on both insects and its
associated parasitoids.

4- Study the cardinal directions on the distribution of A. tubercularis and its
associated parasitoids mathematically such study may help in
determination the proper site of chemical application against this pest
without any objection with natural biological control agent.

MATERIALS AND METHODS

Field experiments were carried out in mango farm located in Inshas El-
Raml district, Sharkia Governorate. The study was continued for two
successive years, from January 2016 until December 2018. The farm received
normal agricultural practices and no chemical control was applied.

1- Population densities and seasonal abundance:

The study was started from January 2016 until December 2018, in an
area of about one feddan for every variety of mango, Mangifera indica L.
(Balady and Hendi). Five trees of each variety were selected and labeled. These
trees were nearly similar in size, age and vegetation. Each tree was divided into
four main directions (east, west, north and south).

Five leaves were picked up at random twice a month from each direction,
i.e. 200 leaves per sample (5 trees x 4 directions x 5 leaves x 2 times of
sampling). The samples were put in polyethylene bags and transferred into the
laboratory for carefully inspection.

These samples were examined in the same day by the aid of
stereomicroscope. The stages of scale insects and its associated parasitoids were
counted and recorded. The annual generations of scale insects were determined
according to Audemard and Milaire (1975) and emended by Jacob (1977).

2- Estimation number of parasitism ratios
To study the parasitism ratios of A. tubercularis, the previously collected
samples for seasonal abundance were carefully inspected and sorted. Then,
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samples were separated into healthy alive insects and parasitized ones which
appearing emerging holes of adult parasitoids or including parasitoid immature
stages (larvae or pupae). Each healthy alive insects and parasitized ones were
counted and recorded.

Parasitized insects were preserved in glass jars covered with muslin cloth
by the aid of rubber bands and kept under laboratory conditions until
parasitoids emergence. Percentage of total parasitism for each sample was
estimated. All emerging parasitoids were mounted in canada balsam and
photomagnified under stereomicroscope camera.

3. Effect of climatic factors on the insect population and natural enemies:

The prevailing means of maximum and minimum temperature (°C),
relative humidity (RH%) and solar radiation (MJ/m?) in the experimental area
during the periods of the present study were obtained from the Central
Laboratory for Agricultural Meteorology, Agricultural Research Center,
Ministry of Agriculture. Light intensity (Lux) was measured at sampling days
using Luxmeter at mid-day (12 a.m.) when the sunlight was perpendicular with
the earth to obtain the highest light intensity.

The relationships between climatic factors and each of population
densities of white mango scale insect, parasitism ratios and total insect
populations were studied. Simple correlation, partial regression values and
coefficient of determination (C.D.%) were calculated using COSTAT
Computer Program (2005).

4. The preferable direction for the insect stages and parasitoids

To detect the effect of the cardinal directions on the distribution of scale
insects and its associated parasitoids mathematically, the following formula
was used.

H=F2+F2+2FF,Cos Q

This angle was calculated by dividing F, / F;, Mahmoud (1981), Hassan

(1998) and Nabil (2010)
H = Powers summation

F1 = The population on the east minus the population on the west if the first is

higher and reversed it if the later is higher.
F, = The population on the north minus the population on the south if the first is

higher and the reverse is applied if the population on the south is higher.

The figure obtained represents the tangent, the corresponding values of
which was obtained form the mathematical.

Fi=E-W, F2:N—S,TanQ:F2/F1
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RESULTS AND DISCUSSION

1. Seasonal abundance
1.1.Females population:

Data in Tables (1 and 2) showed that the females population had two
peaks of activity during the two successive years (2017 and 2018). They were
in April and August during the first year (2017) with value of 151 and 370
females/ 200 leaves, respectively.

While, during the second year (2018) the female peaks activity occurred
in April and June (574 and 456 females), consecutively.

The total number of females (2155 females) during the first year was
obviously lower as compared with that during the second one (2888 females).

1.2. Males population:

Data in Tables (1 and 2) indicated that males population had two peaks of
activity during the two successive years (2017 and 2018). They were in April
and August during the first year (2017) with value of 628 and 1809 males,
successively. While, during the second year (2018) the males peaks activity
occurred in April and June (2641 and 2167 males), consecutively.

The total number of males (10421 males) during the first year was
obviously lower as compared with the second one (13607 males).

1.3. Nymphs population:

Data presented in Tables (1 and 2) indicated that the nymphs population
had four peaks of activity in February (12 nymphs), July (124 nymphs),
September (39 nymphs) and November (37 nymphs) during the first year.
While, during the second year, two peaks of nymphs activity were obtained in
April (361 nymphs) and in October (33 nymphs).

The total number of nymphs population was clearly higher during the
second year than those during the first one with 1045 and 338 nymphs,
respectively.

1.4. Total number of alive stages:

As shown from obtained data in Tables (1 and 2) and during the two
successive years (2017 and 2018), the total number of alive stages indicated
that two peaks of activity were recorded in April and August during the first
year with values of 787 and 2200 individuals, respectively. While, during the
second year the total number of alive stages indicated that two peaks of activity
were recorded in April (3576 individuals) and in June (2799 individuals).

Generally, the total number of alive stages during the second year (17540
individuals) was obviously higher in comparison with that during the
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Table (1): Seasonal abundance of Aulacaspis tubercularis

trees, variety

Py i

(New stead) and its associated parasitoid on mango
Hendi, in Inshas El-Raml district, Sharkia Govemorate during the first vear (2017)

Number of insects/ 200 leaves Monthly average of climatic factors
Alive SEages Dead | Mortality Parasitoids Min | Max FH H.-E.: Solar

Months - RV tmp. | gmp | o | intensity | radiatim

Females| Males | Nymphs | Total | S Nl % || (%) L) | OUm)
Jan bk 80 9 10 | u 894 2 163 | 130 | 254 | 762 | 60000 | 20264
Feh 18 5 2 || w 213 0 | 000 | 130 | 274 | 810 | 61000 | 31333
Mar. g9 | o 7|1 | s | a2 | oo | oo | 150 | 330 [ 713 | 81000 | g57g7
Apr. 151 628 8 787 | 116 1285 1 022 | 170 | 364 | 670 | 89000 | 55096
May 12 39 9 660 | 9 304 | 10 | 132 | 200 | 414 |e606 | %0000 | o424
Jmn. B0 | 1083 B BIE| 15| M8 | 12| 143 | 200 | 326 [ 621 | 90000 | 61080
Jul 306 1478 124 | 1908 | 187 15 1 100 | 200 | 400 | 667 | 37000 | 56943
Aug. 0 | 1909 A | 200 2 | 16 7| 149 | 173 | 382 | 674 | 58000 | spait
Sep. 393 1767 39 AW | 54 1923 04 352 | 160 | 373 | 681 | 83000 | 43237
Oct. 2| w7 27 | 1768 | 307 | 1480 | 100 | 482 | 180 | 360 |66l | 76000 | 30924
Nov. 213 1002 7 125 | 245 1634 | 115 | 767 | 170 | 297 | 762 | G000 | 22365
Dec. 64 41 ) 50| % 642 13 239 | 150 | 277 | %08 | 66000 | 1877
Tol | 2155 | 10421 | 1338 | 12014 | 2082 416
Mean | 170.58 | 8684241 | 2817 131 278
SF | +3837| 8716 | +om
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first year (12914 individuals). These results are in agreement with the findings
of Ascher et al. (1995) Kwaiz (2009), El-Metwally et al. (2011), Abo-Shanab
(2012) and Amer et al. (2017) who reported that the population peaks of the
pest occurred during different periods of the year, They reported that A.
tubercularis recorded three or four peaks of activity these peaks were recorded
during February, April, June and August.

1.5. Total number of dead stages:

Data presented in Tables (1 and 2) and Figs. (1 and 2) revealed that the
total number of dead stages in mango trees varity Hindi showed three peaks
during the first year. They were in April (116 individuals), June (225
individuals) and September (514 individuals).

While, during the second year, two peaks were obtained in June (1205
individuals) and September (1838 individuals).

In general, the total number of dead stages during the second year (7347
individuals) was clearly higher than those during the first one (2052
individuals).

1.6. Percentages of total mortality:

Data presented in Tables (1 and 2) showed that the percentages of total
mortality during the two successive years (2017 and 2018). During the first
year (2017) four peaks of total mortality percentage were recorded in March,
June, September and November with values of 21.12, 14.60, 19.23 and
16.34%, successively.

While, during the second year (2018) two peaks of mortality percentages
were noticed in March (11.31 %) and September (52.94%). The mean
percentage of total mortality during the first year (13.71%) was relatively lower
than the mean percentage of total mortality during the second one (29.52%).

1.7. Percentages of parasitism:

During the course of this work, two hymenopterous species were
recorded as parasitoids of A. tubercularis. They were Aphytis sp. and
Aspidiotiphagus sp. (Aphelinidae). The seasonal abundance of the parasitoids
was presented as percentages of parasitism.

Data presented in Tables (1 and 2) and showed that during the first year,
the percentages of parasitism had two peaks of activity there were in June
(1.43%) and November (7.67%). During the second year, three peaks of
parasitism percentage were noticed in March (2.41%), July (10.18%) and
October (12.95%).

The mean percentages of parasitism were 2.78 and 7.37% during the first
and second years, respectively.
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These results are in agreement with the findings of Kamel et al. (2003),
Nabil et al. (2012) Hamdy (2016) who studied the seasonal abundance of 18
species of the genus Aphytis from Egypt, observed on ten host plants infested
with eleven armored scale insect species (diaspidids). The maximum parasitism
rates were between 0.8 and 14.6%.

2. Effect of climatic factors
2.1. On females:

Data concerning in Tables (3 and 4) showed that during the first year,
there was a positive significant correlation between maximum air temperature
and females population whereas r= 0.650*. While, during the second vyear,
there were positive highly significant effects between females population and
each of maximum temperature, light intensity and solar radiation whereas (r)
values were 0.771**, 0.893** and 0.890**, respectively. Also, the relative
humidity showed a negative highly significant effect on females population
whereas (r) values were -0.829**, Statistical analysis showed that coefficient of
determination (C.D.%) affected females population by 68.08 and 86.41 %
during the first and second years, successively.

2.2. On males:

Data given in Tables (3 and 4) showed that during the first year (2017),
there was a positive significant correlation between maximum temperature and
males population whereas r= 0.631*. While, during the second year (2018),
there were positive highly significant effects between males population and
each of maximum temperature, light intensity and solar radiation whereas (r)
values were 0.784** 0.922** and 0.892**, respectively. Also, the relative
humidity showed a negative highly significant effect on males population
whereas (r) values were -0.853**. Statistical analysis showed that C.D.%
affected males population by 71.22 and 90.16 % during the first and second
years, consecutively.

2. 3. On nymphs:

Data presented in Tables (3 and 4) revealed that during the second year
(2018), there were positive significant effects between nymphs population and
each of light intensity and solar radiation whereas (r) values were 0.627* and
0.629*, respectively. Also, the relative humidity showed a negative highly
significant effect on nymphs population whereas (r) value was -0.611*.
Statistical analysis showed that C.D.% affected nymphs population by 49.38
and 50.61 % during the first and second years, respectively.



Table (3): Correlation coefficient (r) and coefficient of determination (C.D %) indicating the
effects of climatic factors on different stages of Aulacaspis tubercularis (New stead)
and its associated parasitoid on mango trees, variety Hendi. in Inshas El-Raml distict,
Sharkia Govemorate during (2017)

ATTIA et al.

Min. Max RE Light Solar | Coefficient of
Stages temp. T mtensity | radiation | defermination

co |#2(O0) O o | oow | (€D

MAI

352

Females 0574 | 0650% | -0.541 | 0543 0354 68.08

Males 0552 | 0631* | 0510 | 0521 0319 n

Nymphs 0453 | 0342 0156 | 0206 | 0206 4933

ofal mmber of alive stages | 0562 | 0635* | 0511 | 0522 | 0326 7060

Mortality % 0.144 | 0299 0382 | 0357 | 024 3189

Parasitism % 0124 | 0135 0099 |-0255 |-D487 7425
*P0.05
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2.4. On total number of alive stages:

Data concerning in Tables (3 and 4) showed that during the first year,
there was a positive significant correlation between maximum air temperature
and total number of alive stages population whereas r= 0.635*. While, during
the second year, there were positive highly significant effects between total
number of alive stages population and each of maximum temperature, light
intensity and solar radiation whereas (r) values were 0.764**, 0.903** and
0.879**, successively. Also, the relative humidity showed a negative highly
significant effect on total number of alive stages population whereas (r) value
was -0.837**, Statistical analysis showed that coefficient of determination
(C.D.%) affected total number of alive stages population by 70.60 and 87.13 %
during the first and second years, consecutively.

2.5. On percentages of total mortality:

Data in Tables (3 and 4) showed that C.D.% affected the percentages of
total mortality by 31.89 and 47.65% during the first and second years,
respectively.

2.6. On percentages of parasitism:

The obtained data in Tables (3 and 4) showed that C.D.% affected the
percentages of parasitism by 74.25 and 57.41% during the first and second
years, respectively.

Generally, it was clear that temperature and light intensity and solar
radiation had positive significant effects in all cases. These results are in
agreement with the findings of Nabil et al. (2012) who revealed that the mean
of temperature correlated significantly and positively with nymphs population,
but it has negative effect on adults population. The relative humidity showed
insignificant effect and mostly positive on most tested hosts. Mean of
temperature seemed to be the most effective factor on the population activity.

3. Number of generations

As A. tubercularis is known to have overlapping generations, it was
necessary to utilize the formula proposed by Audemard and Milaire (1975) and
emended by Jacob (1977) for estimating the number of generations and their
annual durations. Data of monthly counts of nymphal stage were indicated on
millimeter paper.
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Data in Table (5) and Figure (1) indicated that A. tubercularis had three
generations annually on mango trees varity hendi during the two successive
years. During the first year (2017) the generations took about four months, The
first generation was during the period extended from the beginning of January
till the end of April. The second and strongest one occurred from the beginning
Table (5): Annual generations and durations of Aulacaspis tubercularis

(Newstead) on mango trees, variety Hendi , in Inshas EI-Raml

district, Sharkia Governorate during the two successive years (2017

and 2018)

Number of insects/ 200 | Number of insects / 200 leaves during the
leaves during the second year (2018)
first year (2017)

gsla |vglg £5|2 |ggls

DB S2|E3|E. TEB|S2|E3|Bw

£2 388|539 386 £2/88|3°%|58¢

S8 >E|EZ|EZ°  Months |[SB|2E|EZ|EE®
Months |E Z| € €| |8~ EZ|EF| 38|87

8%l§ [<2I< g8x 8§ |<g|<

< |2 < >
Jan. 31 9 9 2.66 | Jan. 31 20 20 1.91
Feb. 59 12| 21 6.21 | Feb. 59 36 56 5.36
Mar. 90 7| 28 8.28 | Mar. 90 69 125 | 11.96
Apr. 120 8| 36 10.65 | Apr. 120 361 486 | 46.51
May 151 9| 45| 1331 | May 151 226 712 | 68.13
Jun. 181 23| 68| 20.12 | Jun. 181 176 888 | 84.98
Jul. 212 | 124 | 192 | 56.80 | Jul. 212 55 943 | 90.24
Aug. 243 21| 213 | 63.02 | Aug. 243 30 973 | 93.11
Sep. 273 39| 252 | 74.56 | Sep. 273 33| 1006 | 96.27
Oct. 304 27 | 279 | 8254 | Oct. 304 18 | 1024 | 97.99
Nov. 334 37| 316 | 93.49 | Nov. 334 12| 1036 | 99.14
Dec. 365 22 | 338 | 100.00 | Dec. 365 9| 1045 | 100.00

of May till the end of August. The third generation occupied the period from
the beginning of September till the end of December.

While, during the second year (2018) the generations took about three to
five months, the first generation was during the period extended from the
beginning of January till the end of March. The second and strongest one
occurred from the beginning of April till the end of July. The third generation
occupied the period from the beginning of August till the end of December.
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These results are conformable with those of Radwan (2003), Nabil et al. (2012)
and Salem et al. (2019) who reported that A. tubercularis had three generations
on mango trees.
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Fig.(1): Annual generations and durations of Aulacaspis tubercularis (Newstead) on
mango trees, variety hendi, in Inshas EI-Raml district, Sharkia Governorate
during the first and second years (2017 and 2018).



358 MAI ATTIAetal.

4. The preferable direction for the insect and its associated parasitoids

Results illustrated in Tables (6 and 7) and Fig. (2) showed that during
the first and second years the insect and its associated parasitoids occurred in
north eastern side of the trees. During the first year (2017) the insect and its
associated parasitoids occurred in north eastern side of the trees making angles
55° 17" 28"and 86° 11" 9", respectively. The same results were obtained
whereas the insect and its associated parasitoids preferred the north eastern side
of the trees making angles 69° 18 2"and 43° 55’ 27", Also, during (2018)
consecutively. These results are in accordance with the findings of Nabil et al.
(2012) and Amer et al. (2017) who mentioned that the highest population of
this pest developing on eastern aspect of the trees.

Conclusively, seasonal abundance of Aulacaspis tubercularis (Newstead)
and its associated parasitoids on mango trees varity Hendi showed that female,
males and total alive stages population two peaks of activity during the two
successive years. The pest, A. tubercularis had three generations annually
during the two successive years. During the course of this work, two
hymenopterous species were recorded as parasitoids of A. tubercularis. so,
when uses pesticides it must be concentrate on the opposite side.
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Table (6): Monthly numbers of Aulacaspis
parasitoid on mango trees, variety

tubsrcularis

Govemorate during the first vear (2017)

(Newstead) and its associated
Hendi. in Inshas El-Raml district, Sharlda

ety

Number of insects / 50 leaves
East West North South

Months

Alive | Parasitoid | Alive | Parasitoid | Alive | Parasitoid Alive Parasitoid

stages | Number | stages | Number | stages | Number stages Number
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Parasitoids = 43° 55' 27"
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Insect = 55° 17’ 28"
Parasitoids = 86° 11’ 9"

Fig.(2): The calculated directions of Aulacaspis tubercularis (Newstead) and its
associated Parasitoids on mango trees, Varity Hendi in Inshas EI-Raml district,
Sharkia Governorate during the first and second years (2017 and 2018)
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