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cartusiana fed on three strawberry cultivars (Festival, Camarosa

levels, food and Proprietary).

preference The obtained results cleared that the values of economic
damage threshold ETLs were less than economic injury levels
EJLs, where the control measurements must be under taken.
Therefore, the economic threshold is essential to determine the
proper application time of control trial which would covalent in
successful integrated pest management. The economic damage
threshold of M. cartusiana on strawberry plants ranged 2-2.5
snail/plant, while the economic injury level ranged 3-7.5 snail/
plant.

In addition, the results of laboratory experiments cleared
that the food preference of M. cartusiana was varied as plant part
and cultivar, where M. cartusiana snail preferred red fruits of
Festival (39.02 mg/snail/day), green fruit of Proprietary (28.35
mg/snail/day) and fresh leaves of Camarosa (19.99 mg/snail/day)
more than other tested food.

INTRODUCTION

threshold, injury

Recently the land snails become one of key pests infesting field, vegetable,
fruit and ornamental crops in Egypt, especially in northern Governorates of Delta
region. The land snails were follow inspected attacking various crops causing which
have great direct damage to all plant parts by chisels the epidermis and chewing soft
of vegetative growth, flower, roots and tubers or indirect damage by left viscous
liquids upon the plants, causing humans and farm animals refuse eating these plants
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(EI-Okda, 1980). Therefore, the total yield, benefits of yield and quality of infested
plants are decrease economically. The snail species, Monacha cartusiana (Muller)
was reported as a dominant species in different districts of Ismailia Governorate
(Ghamry, et al., 1994; Nakhla, et al., 1995; Arafa, 1997; Ismail, 1997; El-Massry,
1997 and Lokma, 2013)

The use of economic thresholds as a basis for pests control decision making is a
fundamental component in integrated pest management (Stern, et al., 1959). Proposed
the concepts of an economic injury level (EIL) and economic threshold level (ETL) as
rational comparison of the economic costs and benefits of pesticides use, EILs
detected as the lowest number of pest cause economic damage, where the economic
damage is the amount of damage that equal the control cost (Stern et al., 1959 and
Pedigo et al., 1986). In fact, the EIL concept is that not all damage is economically
significant, also many instances a certain levels of pest injury may be tolerated. It is
also useful to determine a distinction between injury and damage. Injury can be
distinct as the effect of pest activities against host physiology or morphology, damage
as the measurable loss of host utility, which is usually measured by reduction in the
commodity yield or quality (Bardner and Fletcher 1974 and Pedigo et al., 1986).
Many authors have contributed to the understanding of host-land snail relationship,
and much effort has been done towards developing damage assessment models and
computing (Kassab and Daoud, 1964; El-Okda, 1984; Chang, 1991; El Massry, 1997,
Ismail, 1997 and Ibrahim, et al., 2008). The effective infestation of land snails were
varied as starting time from location to another and from crop to another (Mohamed-
Ghada, 2004 and Lokma, 2013)

This study aimed to assessment economic threshold, injury levels and food
preference for land snail, M. cartusiana infesting strawberry as bases for decision
making recommendation for the pest control programs in field. Also, laboratory
experiment was conducted to study the food preference of M. cartusiana fed on three
strawberry cultivars.

MATERIALS AND METHODS

Assessment of economic damage threshold and economic injury levels:

Two field experiments were carried out in strawberry field at Al-Mahssama
village, Al Qassaseen district, Ismailia Governorate during 2015 season to assessment
of damage threshold and economic injury levels for the more existed land snail
species; glassy clover snail, Monacha cartusiana (Muller) infesting strawberry plants,
Fragaria ananassa (Duchesne); Festival cultivar, as natural infestation technique
(Marking Plants) and using poison baits technique.

Using poison baits technique:

The area of 350 m2 cultivated with strawberry plants (Festival cultivar) was
divided into sex plots where present belt inter between plots. The prepared poison
bait of 16.5 kg (20:30:950 g of methomyl pesticide (Lannate): black honey: bran / kg
bait, respectively). The black honey and bran were mixed in the morning , wetted , left
till the day end (before sunset) and the methomyl pesticide (Lannate) was added, good
mixed then the bait transferred to field and distributed in small stacks (approximately
100g based on dry weight) on blue (snail favorite color) plastic pieces (20*20 cm).
The baits were distributed as: Four baits / m2 in the Ist plot ( complete protected plot)
, two baits / m2 in the 2nd plot, one bait / m2 in the 3rd plot, one bait /2 m2 in the
4th plot, one bait / 4m2 in the 5th plot, while the last plot left without baits (check)
the numbers of snails in the sex plots were counted weekly in the field during the
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period extended from mid-February to end May in sample include randomized 10
meters of each plot. The yield of each plot was estimated at each harvest time and
calculated as kg/meter.

Natural infestation technique (Marking plants experiment) :

Sample of 50 plants were chosen randomly from 1/4 fad (1050 m2) cultivated
with strawberry plants (Festival cultivar), from the beginning date of snails infestation
and labeled, then left to natural infestation. A snail numbers/labeled plant were count
weekly at field till harvest on plant parts or on ground under plants. The strawberry
ripe fruits (red fruits) yield of each plant were collected, counted and weighed in gram
per individually from genesis starting maturity fruits as healthy, small and not
marketable fruits (end season economically).

Statistical analysis for economic threshold and economic injury levels:

Data were subjected to a certain scheme of statistical analysis, according to
Hosny et al., (1972), Salem and Zaki (1985) and Ibrahim (1994 & 2001); to calculate
economic threshold and economic injury levels as follows:

Poison baits technique:

The correlation (r) and regression (b) values were used to show the variability in
the yield refluxes to infestation during the whole season. Standard error "SE", "t"
values, simple correlation and simple regression "b" were calculated. The slope (b) of
straight regression line was carried out to obtain the corrected values for the yield.
The chi-square analysis "rx2" was applied, the point at which the strawberry at the
upper part of the slope start to show a significant drop could be taken as a threshold
level.

Marking plants technique,

The partial regression formula" c-multipliers" — which has two independent
variables (x1 and x2) were used , where the average number of snail per plant in the
two peaks of population activity where ( x1 and x2) , the dependent variable (y)
represented the yield per plant . The partial regression was used to show the
variability in the yield that could be caused by infestation during the whole season.
Standard error "SE", "t" values, simple correlation and simple regression "b" were
calculated. The slope (b) of straight regression line was carried out to obtain the
corrected values for the yield. The linear regression curve obtained by transforming
the (y) into logarithmic value using the following equation:

y=e @™ (e, log. Y=1bx)

The chi-square analysis "rx2" was applied, the point at which the strawberry at
the upper part of the slope start to show a significant drop could be taken as a
threshold level.

Food consumption and preference of M. cartusiana to strawberry cultivars
under laboratory conditions:

Snails of Monacha cartusiana (Muller) shell diameter of 12-13 mm were
collected from infested field cultivated with strawberry at Al-Mahssama village, Al
Qassaseen district, Ismailia Governorate during April 2015. The collected Snails were
left under laboratory condition of 25 + 1 °C and 65 + 5 % RH. for two weeks to
adapting and starved for 24 hours before testing. Two experiments were conducted in
laboratory of plant protection institute Sharkia branch: the first aimed to test plant
part preference, calculated as daily plant part consumption in mg/snail/day (fresh
leaves, complete red fruit and green fruit) of each cultivar (Festival, Camarosa and
Proprietary) by introduce the three plant parts of each cultivar together and
comparison. The second aimed to test host preference, calculated as daily
consumption in mg/snail/day of strawberry cultivars by introduce each plant part
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(leaves red fruits and green fruit) of the three cultivars together and comparison.
Three replicated of 10 cm diameter plastic pots, each contain fifteen snails for each
treatment, two of fresh leaves, red and green fruits were weighed before and after
testing every 24 hours. The pots were kept clean by removing remain food when new
food introducing. Food consumption and host preference was measured daily at a
period three days successive, The obtained data were statistically analyzed using F-
test as little and Hills, (1975).
RESULTS AND DISCUSSION

Assessment of economic threshold and economic injury levels:
Using poison baits technique:

The different levels of infestation in various poison baits treatments along with
the corresponding average weight of strawberry yield in every treatment and their
statistical analysis were given in Table (1) and illustrated in Fig. (1). The obtained
results revealed that, the increasing infestation from 6.25 to 18.75 individual/m2
caused significant chi square (x> **). Strawberry yield was recorded 11.5 kg/m? with
snail number of 6.25 individual/m?, this decreased yield to 8.5 kg/m” with increasing
snail number to 18.75 individual/mz, so that 6.25 individual/m®> considered as
economic damage threshold. In other words, the damage threshold level for glassy
clover snail on strawberry was achieved when average number of snail reached 2.5
individual/plant (range 1.25- 3.75) in which chemical control method must be used,
while the injury level was about 7.5 individuals /plant (range 3.75-11.25) calculated as
the following points for the economic damage threshold where the damage is done
when the numbers increased from 3.75 toll.25 individuals/plant ranging 7.5
snail/plant).

Table (1) Damage threshold and injury level for glassy clover snail, M. cartusiana
(Muller) on strawberry plants under poison baits application during 2015 season

Number of ::all no/ 1 Yield izn Calculated , Calculated af Tabsl;l:::: chi
baits kg/m yield in kg/m chi square 0.05 0.01

4bait/m 6.25 11.5 10.364

2bait/m 18.75 8.5 9.102 24.66 1 3.84 6.64

1bait/m 56.25 4.5 5.729

1bait/2m 112.5 2.5 1.824

lbait/4Am 225 14 1.695

chick 337.5 0.4 0.083

b=-0.106 SE=0.018 t=-5.726 ** r=-0.849* §=11.02-0.106*X

expected fruit yield

+ expected fruit yvield Linear (expected fruit vield )
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Fig. (1) Linear regression of economic damage threshold and economic injury level for glassy
clover snail, M. cartusiana on strawberry plants during 2015 season
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Using marking plants technique:

The damage threshold of glassy clover snail was studied using marking plants
technique where the weekly counts of glassy clover snail on 50 marked strawberry
plants were recorded and given in Tables (2&3) and in Fig. (2). The snail fluctuation
during the growing season appeared that the snail passes through 2 effective annual
peaks, the 1st at March, 20 (x1) showed at the start of harvest season) and the 2nd at
April, 10 (x2) showed at the top of harvest curve. Statistical analysis indicated that
the considered factors (infestation through two peaks of snail activity) were
responsible for 15.6 % of the variability in the yield weight. The reduction in the yield
was affected by different manner from one peak to another. The infestation of April
peak (x2) showed relatively high effect on yield (b =- 0.038) than in the first peak at
March (b=-0.031). Mathematic determination of the point at which the increase of
snail number through the two peaks of infestation (x1 and x2) cause a decrease in the
weight of fruit yield, chi-square analysis (rx2) was applied. The obtained results
indicated that the damage threshold was affected by the two infestation peaks. The
population of snails during the 1* peak of infestation at March reach average of 2.5
individual/plant (range 2 to 3 and up), ,2 indicated highly significant, where the yield
was decreased from 1.486 to 1.457 kg/plant this decrease due to the increase of snail
numbers to an average of 2.5 individuals /plant which considered as the economic
threshold for the 1** peak, so chemical control must be used at this period, while, The
economic injury level could be consider as 3.5 individuals /plant ( rang 3- 4) . For the
ond peak of April, the increase of infestation due to average of 2 individuals /plant
(range 1 to 3 and up), ,2 indicated highly significant, where the yield was decreased
from 1.556 to 1.484 kg/plant. Thus the increase of snail numbers to an average of 2
individuals /plant could be regarded as the economic threshold for the 2" peak, the
chemical control must be used at this period. The economic injury level in this case
was in equal with that of the 1* peak of 3.5 snail/plant (rang 3- 4).

Generally, the obtained results of the two assessment methods cleared that the
values of economic damage threshold ETLs were less than economic injury levels
EJLs, where the control measurements must be taken on consideration. Therefore, the
economic threshold is essential to determine the proper application time of control
trial which would causation in successful integrated pest management. The economic
damage threshold of M. cartusiana on strawberry plants averaged 2-2.5 individual
/plant, while the economic injury level averaged 3-7.5 individual/ plant. The obtained
results were agree with those of Ibrahim et al., 2008 who recorded that the economic
threshold level of glassy clover snail on lettuce plants was 3.123 individuals / plant;
while it was 3.193 and 3.224 snail/m2 on clover and wheat fields, respectively. In the
same study the economic injury levels were relatively high, 37.478 individuals /plant,
17.00 individuals / m2 and 4.38 snail/m2 on lettuce, clover and wheat, respectively.
Also, the author showed that the economic damage threshold was 3.58 snail/100
plants and the economic injury level was 12 individuals /100 plant of pea.
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Table (2) Yield-infestation relationship in 50 marked strawberry plants under natural
infestation with M. cartusiana during 2015 season.

Observed yield and snail no. 15T Period 2" Period
Plant
NO. Fruit Fruit Predicted fruit Fruit Predicted
x1 X2 x1 x2
yield yield yield/plant yield fruit yield

1 0.975 10 13 0 0.975 1.486 1 0.975 1.556
2 1 7 6 2 1 1.486 3 1 1.484
3 1.125 37 28 2 1.125 1.457 3 1.125 1.484
4 2.15 3 5 3 2.15 1.457 4 2.15 1.449
5 1.475 22 19 3 1.475 1.457 5 1.475 1.416
6 0.775 3 7 3 0.775 1.428 5 0.775 1.416
7 1.025 14 20 4 1.025 1.428 5 1.025 1.416
8 1.15 3 5 4 1.15 1.428 6 1.15 1.383
9 1.225 14 13 4 1.225 1.4 6 1.225 1.383
10 0.8 6 9 5 0.8 1.4 6 0.8 1.383
1 1.2 9 10 5 1.2 1.4 6 1.2 1.383
12 1.1 5 1.1 1.373 7 1.1 1.352
13 1.325 8 6 1.325 1.373 7 1.325 1.352
14 0.575 28 25 6 0.575 1.373 7 0.575 1.352
15 0.95 4 9 6 0.95 1.346 7 0.95 1.352
16 1.175 39 33 7 1.175 1.346 8 1.175 1.321
17 2.45 2 8 7 2.45 1.346 8 2.45 1.321
18 0.85 31 29 8 0.85 1.32 8 0.85 1.321
19 0.975 8 11 8 0.975 1.32 8 0.975 1.321
20 1.55 5 8 8 1.55 1.32 9 1.55 1.292
21 1.125 11 12 8 1.125 1.32 9 1.125 1.292
22 0.45 13 11 8 0.45 1.32 9 0.45 1.292
23 0.475 37 29 9 0.475 1.295 9 0.475 1.292
24 0.975 9 10 9 0.975 1.295 10 0.975 1.263
25 1.1 21 19 9 1.1 1.295 10 1.1 1.263
26 2.125 7 9 10 2.125 1.27 11 2.125 1.236
27 1.2 23 30 10 1.2 1.27 11 1.2 1.236
28 1.075 31 28 11 1.075 1.246 11 1.075 1.236
29 1.3 14 14 12 1.3 1.223 12 1.3 1.209
30 0.825 12 15 12 0.825 1.223 13 0.825 1.184
31 1.325 9 14 13 1.325 1.2 13 1.325 1.184
32 1.825 6 7 14 1.825 1.178 13 1.825 1.184
33 1.825 12 13 14 1.825 1.178 14 1.825 1.16

34 1.2 28 26 14 1.2 1.178 14 1.2 1.16

35 0.975 7 4 14 0.975 1.178 15 0.975 1.136
36 0.675 41 18 16 0.675 1.135 18 0.675 1.073
37 0.825 2 1 21 0.825 1.041 19 0.825 1.054
38 0.975 31 23 22 0.975 1.024 19 0.975 1.054
39 2.15 8 8 23 2.15 1.008 20 2.15 1.035
40 1.15 24 1.15 0.993 21 1.15 1.018
41 0.975 10 28 0.975 0.937 23 0.975 0.987
42 1.05 5 9 28 1.05 0.937 25 1.05 0.96

43 0.6 39 30 31 0.6 0.902 26 0.6 0.949
44 1.65 5 3 31 1.65 0.902 28 1.65 0.928
45 0.85 24 21 31 0.85 0.902 28 0.85 0.928
46 1.775 6 37 1.775 0.85 29 1.775 0.9196
47 0.975 14 37 0.975 0.85 29 0.975 0.919
48 2.175 4 39 2.175 0.838 30 2.175 0.911
49 1.35 16 11 39 1.35 0.838 30 1.35 0.911
50 1.8 8 3 41 1.8 0.828 33 1.8 0.894

Some plants gave unexpected yield because the snail infestation was not only the critical factor of yield in the field
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Fig. (2) Total numbers of Monacha cartusiana at the first (x1) and the second (x2)
annual peaks.

Table (3) Statistical analysis simple correlation(r) and partial regression (b1&b2) for
the relationship between M. cartusiana peaks count and the yield of 50 marked strawberry
plants (fruits weight) during 2015 season.

Simple correlation(r) Partial regression Explained variance
Variables — —
r probability b S.E t probability EV%
snail no./ plant (x1) -0.426 <o.0l -0.0309 0.023 -1.345 * 19.6
snail no./ plant (x2) -0.389 <o.0l -0.038 0.0328 -1.166 ns 15.7

r = correlation coefficient, b = Partial regression values, x1= 1% peak and x2 = 2™ peak

Food consumption and preference of M. cartusiana to strawberry cultivars
under laboratory conditions:

Two experiments were conducted to compare food preference and
consumption of M. cartusiana fed on three parts (fresh leaves, green fruits and
complete red fruits) of strawberry tested cultivars (Proprietary, Festival and
Camarosa) under laboratory conditions. The first experiment carried to examine




18 Ibrahim, M. M. A et al.

preference of three plant parts of each cultivar by feeding snails on the three plant
parts of each cultivar at the same time, the obtained data in Table (4) showed highly
significant differences between quantity means of each cultivar parts consumed by M
.cartusiana, where LSD 0.05 recorded 2.82, 3.46 and 1.997 for Proprietary, Festival
and Camarosa cultivars, respectively. The glassy clover snail , M. cartusiana
preferred green fruits of Proprietary more than other parts ( consuming 32.1 mg/snail
at the first day); while preferred red fruits of each of Festival (consuming 29.63
mg/snail at the 2nd day) and Camarosa (consuming 35.56 mg/snail at the 1st day).
The second experiment carried out to examine preference of the three tested cultivars
by feeding snail on each plant part of the three cultivars at the same time. The
obtained data in Table (5) showed that, highly significant differences between
quantity means of each parts consumed by M .cartusiana, where, LSD (s of 2.82,
3.99 and 4.315 in case green fruits, red fruits and fresh leaves, respectively. The green
and red fruits of festival cultivar were preferred by M. cartusiana (consuming mean
quantity of 19.06 and 39.02 mg/snail of the two parts, respectively) more than that of
Proprietary and Camarosa cultivars; while the fresh leaves of Camarosa were more
preferred by M .cartusiana (consuming mean quantity of 19.99 mg/snail).

Generally, it could be concluded that the food preference of M. cartusiana on three
parts (green fruits, red fruits and fresh leaves) of strawberry tested cultivars
(Proprietary, Festival and Camarosa) under laboratory conditions was varied as plant
part and cultivar, where M. cartusiana snail found preferred red fruits of Festival,
green fruit of Proprietary and fresh leaves of Camarosa more than other tested food.
The results provide clear discussion about the quantitative and qualitative damage
resulted on strawberry yield and emphasizes the need to study and use the economic
threshold levels of the pest on strawberry. The obtained results found agree with those
of Stakious and lazardious-Dimitriadous (1989), Lokma (1998), Abd El-Aal (2001),
Ismail (2004), Lokma (2013) who stated that the food preference and consumption
was varied as host plants and plant parts variation especially that of Lokma (2013)
who mentioned that the highest quantity consumed by M. cartusiana of strawberry
red fruits was 74.06 mg/day followed by leaves and green fruit with quantity of
51.85 and 38.20 mg/day, respectively.

Table (4) plant part preferences as daily food consumption (mg/snail/day) per one
adult of M. cartusiana fed on the three plant parts under laboratory
condition (Temp. 25+1°C and RH 65+ 5 %).

Culté Consumed weight (mg) after days LSD .05
ultivars means
Host plant 1 2 3 for days
Green fruits 32.10 28.66 24.29 28.35 0.07%%*
Proprietary Red fruit 12.43 14.49 14.48 13.8 0.01%%*
Fresh leaves 14.20 15.15 14.67 14.67 0.12%%%
LSD 0.07%%%* 0.11%%* 0.01%%* 2.82%%%
Green fruits 19.47 15.98 18.44 17.96 0.02%%*
Festival Red fruit 19.04 29.63 28.51 25.72 2.67%%*
Fresh leaves 14.94 18.47 15.31 16.24 2.07%*
LSD 1.95%** 2.49% %% 1.19%%* 3.46%*
Green fruits 18.97 18.77 16.18 17.97 1.25%+
Camarosa Red fruit 35.56 30.45 28.33 31.44 2.07%**
Fresh leaves 18.37 2333 13.20 18.3 1.28%%*
LSD 1.69%** 1.43%%* 1.62%%* 1.99%**
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Table (5) host preference as daily food consumption (mg/snail/day) by one adult of
M. cartusiana fed on the three strawberry cultivars under laboratory
condition (Temp. 25+1°C and RH 65+ 5 %).

Cultivars Host plant Corllsumed weigh; (mg) after d;ys means LSD
Proprietary 18.70 9.41 5.34 11.15 7.88*
Green fruits Festival 20.28 21.33 15.58 19.06 ns
Camarosa 1522 20.66 21.01 18.96 ns
LSD ns 8.56* 8.72% 2.82%%*
Proprietary 27.40 31.81 29.21 29.47 ns
Red fruits Festival 66.39 27.46 23.21 39.02 ns
Camarosa 28.44 62.18 23.59 38.07 ns
LSD ns ns ns 3.99**
Proprietary 16.87 12.42 13.63 14.31 ns
Fresh leaves Festival 17.61 15.31 9.38 14.10 ns
Camarosa 21.94 20.89 17.16 19.99 ns
LSD ns ns ns 4.315*
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