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Molluscicidal Activity and Repellency of some Inorganic
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ABSTRACT. In the present study, five inorganic fertilizer compounds. super-
phosphate, potassium sulfate, ammonium sulfate, ferrous sulfate and copper
sulfate were chosen and formulated in solution form of 1.5% (w/v) with an ad-
hesive substance (Arab Gum). Their efficacy as repellent and/or toxic agents
against the terrestrial Theba pisana snails was investigated. The infested Citrus
trees with T. pisana snails were divided into four groups. The percentage de-
crease in the infested snail numbers were calculated after 1,2,3,4,5, and 6
weeks post treatment. The total percentage decrease in the snail numbers (%
decrease in the snail numbers after 6 weeks plus the % mortality of the snail
numbers at the end of the experiment) were also calculated.

The results showed that there were significant differences between al treat-
ments at (p < 0.01). Copper sulfate was shown to be the most effective com-
pound exhibiting 100% decrease in the total number of infested snails in the
first and second groups. Potassium sulfate was less successful followed by fer-
rous sulfate.

Introduction

Terrestrial white garden snails Theba pisana (Mdller) are considered to be one of the
most common dangerous species in the delta region, especialy in northern areas of
Egypt. They are also known as destructive pests, causing severe damage to vegetables,
ornamentals and citrus trees 18],

The use of specific molluscicides as well as other compounds including carbamates,
oxime carbamates, organophosphorous, inorganic metal compounds, and inorganic fer-
tilizersis considered the most effective measure for controlling terrestrial gastropods[2'21].
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Control of terrestrial snails and slugs by contact molluscicides is potentially more ef-
ficient than the bait-delivery method currently used for control . The use of inorganic
fertilizers as barriers and/or poisons against terrestrial snails is met with the problem
that, such compounds are not stable when they are sprayed on the plants by using spray
techniques. This may be due to the washing up by the effect of the rain fall or by their-
rigation water.

The aim of the present study is to investigate some common inorganic fertilizers
which are already used as nutrients for different crops and plants, as barriers and/or poi-
sons against terretrial Theba pisana snails applying them in a safe way, based on the use
of an adhesive substance such as Arab Gum prepared in glass distilled water and used
as spray solutions. This may protect the citrus from snail infestations and in the same
time avoid the health hazards and environmental pollution.

Materials and Methods

Experimental Animals

The white garden Theba pisana (Mller) snails, which commonly infest Citrus trees
in El-Montaza gardens, Alexandria, Egypt.

Chemicals
Five inorganic fertilizer compounds were chosen, they were:
1. Calcium superphosphate Cag (PO4)2 (10%P).
2. Potassium sulfate K5S0, (48-52% K ,0).
3. Ammonium sulfate [(NH,), SO,4] (20.6% Nitrogen).
4. Ferrous sulfate FeSO,. 7H,0 (20% Iron).
5. Copper sulfate CuSO,. 5H,0 (25%Copper).

Preparation of the Formulated Fertilizer Solutions

Each formulated fertilizer solution (1.5% wi/v) was prepared, by dissolving or sus-
pending it in 5% Arab Gum solution (5 gram Arab Gum dissolved in 100 ml glass dis-
tilled water).

The Experiments

The infested Cirtus trees with Theba pisana (Muller) snails which were planted in El-
Montaza gardens in Alexandria, Egypt were chosen randomly. All trees were nearly
uniform in size (130-150 cm height). They were divided into four groups. Each group
was replicated. The first group (Group |) was treated for one application by spraying 50
cm high of the tree trunks from the base by using the inorganic fertilizer formulations
after removing the infesting snails from each tree. The removed snails were collected
and put on the ground under each tree. The second group (Group 11) was treated for
three applications (at two week intervals) using the same method as described in the
first group. The third group (Group I11) was treated once without removing the infested
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snails. The fourth group (Group V) was treated for three applications (at two week in-
tervals) without removing the snails infestion. In the third and fourth groups 50 cm
height of the tree trunks from the base were treated in addition to every aggregation site
of the snails. Control groups were treated with 5% w/v Arab Gum solution free of in-
organic fertilizer compounds.

The percentage decrease of the infested snail numbers for each group was calculated
after 1,2,3,4,5 and 6 weeks post treatment. In addition, at the end of the experiments the
total percentage decrease (The percentage decrease in the snail numbers after six weeks
plus the percentage mortality of the collected snail numbers at the end of the experi-
ment) of the infested snail numbers were calculated, and compared to control group.

Statistical Analysis

Statistical analysis for the obtained data were made by using General Linear Model
procedure and Least Significant Difference (L.S.D.) at 0.05 asalevel of significancel?,

Results and Discussion

Formulated solutions (1.5% wi/v of superphosphate, potassium sulfate, ammonium
sulfate, ferrous sulfate and copper sulfate were tested for their molluscicidal activity
and/or repellancy effect against Theba pisana (Mller) snails under field conditions.

Results presented in Table (1) illustrate the data obtained from trees treated for one
application with the different formulated fertilizer solutions after removing the snails
from them (Group ). Results showed that, there are no significant differences between
the time intervals post treatment, while there are significant differences between differ-
ent treatments at (P < 0.01) as compared to control group. The highest percentage de-
crease (100%) in the snail numbers were found in the case of trees treated with copper
sulfate followed by 68.23% and 58.43% decrease in the case of trees treated with fer-
rous sulfate and potassium sulfate respectively. In case of treatment with super-
phosphate and ammonium sulfate no significant decrease in the snail numbers were ex-
hibited. Copper sulfate exhibited 100% decrease in the snail infestation because of its
repellency effect and it provided an excellent barrier to prevent snail access to the
trees. This finding concerning the effect of copper sulfate agree with the results obtained
in some of the previous studies made byl1711:1517.23-25 Copper acts on the external ep-
ithelium of the foot, mantle and resulting in the rupture of epidermal cells so allowing
blood seepage and facilitating bacterial infectionl1®!. Copper sulphate was still effective
for along time even after the end of the season. Ferrous sulfate exhibited 74.13% re-
duction in the snail humbers after six weeks post treatment. However, in general most
metal salts are not effective as stomach poison because of the molluscs fail to eat suf-
ficient metal compound to be lethal (19,

In the case of trees treated for three applications after removing the infestion snails
(Group 11) Table (2). Results indicated that, there are significant differences at (P <
0.01) between different time intervals in the percentage decrease of the snail numbers,
whereas, the highest percentage decrease in snail numbers are 66.81% and 68.64% after
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five and six weeks post treatments respectively. On the other hand, the lowest per-
centage decrease was 46.41% after two weeks. The aforementioned decrease may be
due to the fact that at the beginning, the snails tried to infest the tree trunks in access
numbers, but after they were exposed to contact action of the tested compounds they
started to move down leaving the trees to avoid the molluscicidal action of the com-
pounds. Results also showed that, al different treatments exhibited significant reduction
at (P < 0.01) in snail numbers as compared to the control group. Copper sulfate exhibit-
ed the highest percentage decrease (100%) followed by potassium sulfate (68.18%).
Generally speaking, we can conclude from the results presented in Table (1) and Table
(2) that, the best results were exhibited by copper sulfate followed by ferrous sulfate
and potassium sulfate.

TasLe 1. The % decrease of infested Theba pisana (Muller) snail numbers after removing the infested snails
from citrus trees (Group |) and treated with different formulated fertilizer solutions in a single ap-

plication.
% decrease of Theba pisana snail numbers/tree
Timeintervals Mean
Potassium | Ammonium

post treatment Control Superphosphate Ferrous sulfate | Copper sulfate| (%)

(Weeks) %) %) sulfate sulfate ) %

() 0 %) %) 0 (]
1 33.04 371 46.62 52.37 61.63 100 54564
2 26.28 5.25 4390 11.79 59.70 100 41152
3 20.86 18.19 46.62 119 68.41 100 42542
4 11.61 31.93 60.66 1324 72.31 100 48292
5 4.88 38.80 76.40 27.86 73.22 100 53532
6 363 41.83 76.40 2921 74.13 100 54.20%
Mean 16.71° 28.29° 58.43° 2261° 68.23° 100 | 49.05

(%)

> Means not sharing the same |etter are significantly different at (P < 0.01).
> L.SD. (g5 = 15478.

Data presented in Table (3) illustrate the percentage decrease in the infested snail
numbers after the trees were treated without removing the infested snails from them
(Group 111). Results showed that, there are significant differences at (P < 0.01) in per-
centage decrease between time intervals post treatments. Whereas, the highest per-
centage decrease (9.6%) resulted at the end of the sixth week as compared to control
group. In addition, there were significant differences between different treatments at (P
< 0.01), whereas the highest value (10.67%) resulted from treatment with copper sul-
fate, followed by ferrous sulfate which exhibited 6.12% decrease in snail numbers. Su-
perphosphate, potassium sulfate and ammonium sulfate showed no significant differ-
ences compared to control group. Their values are 1.11%, 0.0% and 2.31% respectively.
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TasLe 2. The % decrease of infested Theba pisana (MUller) snail numbers after removing the infested snails
from citrus trees (Group I1) and treated with different formulated fertilizer solutions for three ap-
plications at two week intervals.

o % decrease of Theba pisana snail numbers/tree
Timeintervals M
Potassium | Ammonium ean
postreatment |- oy Superphosphate Ferrous sulfate | Copper sulfatq (%)
(Weeks) sulfate sulfate
(%) (%) (%) %
(%) (%)
1 25.69 67.27 61.73 57.58 47.05 100 59.88%
2 50 35.12 48.40 4564 34.34 100 46.41°
3 12.23 52.54 52.74 4584 51.75 100 52,510
4 6.57 68.67 78.08 7159 69.77 100 65.78%
5 510 72.80 81.88 69.89 71.20 100 66.812
6 5.10 7342 86.29 69.51 78.71 100 68.84%
Mean 11.61° 6163 68.18" 60.01° 58.80° 100° | 6004
(%)

> Means not sharing the same letter are significantly different at (P < 0.01).
> L.SD. (g5 = 10.244

TasLe 3. The % decrease of infested Theba pisana (Mdller) snail numbers without removing the infested
snails from citrus trees (Group I11) and treated with different formulated solutions with one ap-

plication.
% decrease of Theba pisana snail numbers/tree
Timeintervals - - Mean
posttreatment | oty Superphosphate Potassium | Ammonium |- oy o\ o o ifate Copper sulfat (%)
(Weeks) %) ) sulfate sulfate ) %
(%) (%)
1 0.0 0.0 0.0 0.0 0.0 047 0.08¢
2 0.0 0.0 0.0 0.0 0.0 8.46 1414
3 0.0 0.0 0.0 0.0 271 94 2,02
4 463 0.59 0.0 0.0 4.69 11.28 3.530¢
5 463 2.84 0.0 0.0 1421 13.62 5.88P
6 463 321 0.0 1385 15.12 20.82 9.602
Mean 2.3 111° 0.0° 2.31° 6.12° 1067 | 3.76
(%)

> Means not sharing the same letter are significantly different at (P < 0.01).
> L.SD.gg5 =251

In group IV, where trees were treated with the different tested compounds for three
applications without removing the infested snails from them. The obtained results pre-
sented in Table (4) showed that, there are significant differences at (P < 0.01) in the per-
centage decrease of the infested snail numbers between different time intervals post
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treatment. Whereas, the highest percentage decrease (13.%) occurred six weeks post-
treatments followed by 9.6 after five weeks. Also, there are significant differences at (P <
0.01) between different treatments, whereas, the highest percentage decrease (16.97%)
was exhibited in the case of trees treated with copper sulfate followed by ferrous sulfate
which exhibit (11.08%) decrease in snail numbers compared with the control group.

TasLe 4. The % decrease of infested Theba pisana (Mdller) snail numbers without removing the infested
snails from citrus trees (Group 1V) and treated with different formulated solutions for three ap-
plications at two week intervals.

L % decrease of Theba pisana snail numbers/tree
Timeintervals Mean
post treatment Control Superphosphate Potassium | Ammonium Ferrous sulfate | Copper sulfate | (%)
(Weeks) %) %) sulfate sulfate ) %
0 0, (%) (%) 0, 0
1 0.0 0.0 0.0 0.0 0.0 372 0.6204
2 0.0 0.0 0.0 0.0 0.0 11.35 1.89d
3 1.67 3.09 0.0 0.0 11.67 20.01 6.07c
4 167 310 0.0 0.0 16.33 20.01 6.85hc
5 1.67 361 0.0 13.64 16.88 21.79 9.60b
6 167 515 0.0 27.92 21.59 24.95 13.55a
Mean 1.11d 2.49d 0.00d 6.93c 11.08b 16.08a 6.43
(%)

> Means not sharing the same letter are significantly different at (P < 0.01).
> L.SD. (g5 =303

Results presented in Table (5) and Table (6) generally demonstrated that, there are sig-
nificant differences in the percentage decrease a (P < 0.01) in snail humbers among dif-
ferent treatments as shown in Table (5), and among different time intervals as shown in
Table (6) post treatment as calculated by using the combined statistical analysis between
different groups. In addition, there are significant differences between the application of
the tested compounds for one and three applications. Results also showed that, there are
no significant differences between the number of applications and the time intervals post
treatments. Significant differences at (P < 0.01) in the percentage decrease in the snail
numbers between the groups of trees treated after removing the infested snails and that
groups of trees which treated without removing the infested snails are observed.

The results illustrated in Table (5) showed that, there was a significant decrease at
(P < 0.01 in the percentage of snail numbers among different treatments, whereas , the
highest total average of the percentage decrease (56.91%) was found in case of groups
of trees which were treated with copper sulfate, followed by ferrous sulfate with 36.06%
decrease in snail numbers. The lowest value of the total average of the percentage de-
crease (22.96%) was found in case of groups of trees which were treated with am-
monium sulfate, followed by superphosphate which gave 23.38% decrease in snail num-
bers as compared to control groups.
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TasLe 5. Thetotal average of % decrease in Theba pisana (Mdller) snail numbers after and without removing
the infested snails from citrus trees treated with different formulated fertilizer solutions for one and

three applications.

% decrease of Theba pisana snail numbers/tree
Treated trees after removing Treated trees without removing. Totdl average
theinfested snails theinfested snails 4
Typeof of
treatment Treated for one | Treated for | Averageof | Treated for| Treated for | Average of % decrease
application three % decrease one three decrease (%)
applications application | applications
(%) (%) (%) (%) (%) (%)
Control 16.71 1161 14.169 232 111 17 7.949
Superphosphate 28.29 61.63 44.96° 111 249 1.809 233
Potassium 58.43 68.18 63.31° 0.000 0.00 0.009 31.65°
sulfate
Ammonium 2261 60.01 41.31° 231 6.93 461° 22.96°
sulfate
Ferrous sulfate 68.24 58.80 63.52° 6.12 11.08 8.60° 36.06°
Copper sulfate 100 100 1002 10.67 16.97 13.822 56,912
Mean 49.05 60.04 5454 375 6.43 5.09 29.82
(%)

> Means not sharing the same letter within columns are significantly different at (P < 0.01).
> L.SD. (g5 =5.011

TasLe 6. Thetotal average of % decrease in Theba pisana (Muller) snail numbers after and without removing
the infested snails from citrus trees treated with different formulated solutions for one and three ap-
plications at time intervals post-treatment.

% decrease of Theba pisana snail numbers/tree
Treated trees after removing Treated trees without removing. Totdl average
Timeintervas the infested snails the infested snails. of
post treatment | Treated for one | Treatedfor | Averageof | Treated for | Treated for | Averageof % | decrease
(Weeks) application three % decrease one three decrease (%)
applications application | applications
(%) (%) (%) (%) (%) (%)
1 54.56 59.88 57.222 0.08 0.62 0.35¢ 28.79%4
2 4115 4641 4378° 141 1.89 1.65% 272
3 4254 5251 4753° 202 6.07 4,049 25.79%
4 48.29 65.78 57.032 353 6.85 5.290¢ 31.11Pc
5 5353 66.81 60.172 588 9,60 7.74° 3395%
6 54.20 68.82 61,522 9.60 1355 11572 36,552
Mean 49.05 60.04 5454 375 6.43 5.09 29.82
(%)

> Means not sharing the same |etter within columns are significantly different at (P < 0.01).
> L.SD. g5 =5.011
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In the case of trees treated with fertilizers after removing infested snails from them
(Group | and Group 1) Table (5). The results showed that, copper sulfate was the most
effective compound in reducing the average of the infested snail nhumbers (100%), fol-
lowed by ferrous sulfate (63.52%) and potassium sulfate (63.31%). Also, in the case of
trees without removing infested snails from them (Group I11 and Group V). The results
indicated that, there are significant differences at (P < 0.01) between different treat-
ments in reducing the average percentage decrease of snail numbers, copper sulfate ex-
hibited the highest value (13.82%) followed by ferrous sulfate (8.60%). In group I11 and
IV potassium sulfate had no effect in reducing the number of the infested snails contrary
to the results with Group | and Group II. This may be because the snails in the latter
case were prevented from moving down and leaving the trees because of the compound
effect of spraying on the trunk and on the aggregation sites of the infesting snails. Also,
in the former case (Group | & Group I1) it rendered high number of snails to infest the
trees when it was sprayed on the tree trunks. In conclusion applications of potassium
sulfate were most successful when sprayed on the trunk.

Results illustrated in Table (6) showed that, there was a significant decrease in the
percentage of snail humbers among different time intervals post treatments. Whereas
the highest total average of percentage decrease in snail numbers (36.55%) was found
after six weeks followed by 33.95% after five weeks post treatment. Also, in Group |
and |l there was a significant reduction in snail numbers compared with Group |11 and
IF. The highest average of percentage decrease in snail humbers of the Group | and
Group Il were 60.17% and 61.52% after five and six weeks post treatments re-
spectively. In the Group |11 and Group IF the highest average of percentage decrease
(7.74% and 11.57%) were found after five and six weeks respectively.

Results presented in Fig. (1) demonstrated the total percentage decrease in snail num-
bers (% decrease in the infested snail numbers after six weeks plus the % mortality of the
snail numbers at the end of the experiment) for different treatments. Results showed that,
there were significant differences at (P < 0.01) between different treatments. Whereas,
copper sulfate exhibited significant effect in reducing the percentage decrease in snail
numbers to 100% in Group | and Group I1. In the case of Group Il and Group 1V, the to-
tal percentage decrease are 29.13% and 37.81%, respectively. Potassium sulfate was less
successful than copper sulfate in this respect, exhibits a reduction of 81.82% in the snail
numbers of Group |, 87.76% in Group |1, 28.77% in the case of Group |1l and 26.6% in
Group IV. This was followed by ferrous sulfate which exhibited 80.50%, 89.27%,
21.85% and 26.59% in total reduction for Group I, I1, Il and IV respectively.

Some investigators studied the repellancy and molluscicidal action of inorganic metal
compounds such as copper sulfate, iron, zinc, ammonium carbonate and other heavy
metals710-1214,16-21.26] "1y gpjite of the success of such inorganic metals in snail con-
trol, investigators met with instability of these compounds under field conditions. This
may be due to the effect of rainfall, and irrigation water, where the water can carry the
metals away. This may reduce the effect of such compounds against snails.

In the present study, the use of Arab Gum as an adhesive substance succeeded in keep-
ing the fertilizer compounds on the tree trunks for along time. It is worth mentioning that
no harmful effects were exhibited on the citrus trees by using such inorganic fertilizers.



Molluscicidal Activity and Repellency of...

*(usW LBdXa 81 JO PUB B Te ‘Slequinu |1eus ay) Jo A11felIoW 9, 3Ll Snid SHSaM 9 Je1Je SJBLUINU SRS a1 U1 8S89109P %) SISQUINU |feUS SU) U1 8523109 % 210 «

's|reus euesid *| pa1sajul 8yl Buirowsl Inoylim suoiredijdde aauy) Joyssaly pesl] Al dnoio _H_
'S|feus eues|d *| palsajul ayl Buiaowal INoYlIm uoiedijdde auo J0)Ssal) paleal] 111 dnoio _H_
's|reus euesid *] pa1sejul syl Buinowsl Jelfe suoledl|dde 9.y} J0)Ssal) paeal] |1 dnoi _H_
's|reus euesid *| paIsajul ayl Buinowel Jelfe uoeal|dde auo Jo)ssa.) peleal] | dnoio _H_
(sjueweal )
AlEIne sddon AR SNOLUGS RS LRSI BIR)INS LUNISSE|0 aeydsoudmdng 1T
0

10t

0

e

gt
i
s F
B e el
|FELIE. g RagU) S LN SEERLDaD %, (Bo )

g : =
L —1
i i 0L
2k 5 -
o
m — oA
i -
:
s
ool %

'suo1eo 1 |dde 891 pUe 8Uo I0J SUOIN|OS JBZI1[11e ) PaTe NI U8} IP
UM PaTesl]) S9911 SNITI0 8] LU S|IeUs PRISaJul ay) BuiAoWwe) NoU)IM puUe B e SSeNSIquinu ieus (Je] NN euesid egey L peIsajul U Ul ,8S80108p % 1018y L T "o



24

Hamdy B. El-Wakil

Acknowledgement: | wish to acknowledge my appreciation to Prof. Dr. A.A. Ash-
mawy, Prof. of Biostatistics, Faculty of Agric., Ain Shams Univ., Egypt, for his sta-
tistical analysis of the results. Also, my appreciation goes to Mr. Ahmed Esmail, Gener-
a Manager of EL-Montaza gardens for facilitating the work inside EL-Montaza
gardens. | am grateful to Mr. Yasser Awad Alla and Mr. El-Sayed Eshra, Plant Pro-
tection Res. Inst., Alexandria, for their help.

(1]
(2]

(3]
(4]
(9]

(6]
(7]
(8]
(9]
(10]

[11]

(12
(13]

(14]

(19]

(16]

(17]

(18]

References

Kassab, A. and Daoud, H., Notes on the biology and control of land snails of economic importance in
UAR. Agric. Res. Rev. Min. of Agric., UAR, 42: 77-98 (1964).

EL-Okda, M.M., Emara, M.M. and Selim, A.M., The response of the harmful and useful terrestrial
mollusca towards several toxicants: |. Efficacy of six toxicants under laboratory conditions. Alex. Sci.
Exch., 10(3): 375-384. (1989).

EL-Wakil, H.B. and Radwan, M.A., Biochemical studies on the terrestria snails Eobania vermiculata
(Miller) treated with some pesticides, J. Environ. Sci. Health. B. 26(5& 6): 479-489 (1991).

EL-Wakil, H.B., Radwan, M.A. and Osman, K.A., Interaction of some oxime carbamate pesticides
with terrestrial Helix aspersa snails enzyme systems. Alex. ci. Exch. 13(3): 497-515 (1992).

Radwan, M.A., EL-Wakil, H.B. and Osman, K.A., Toxicity and biochemical impact of oxime car-
bamate pesticides against terrestrial snail, Theba pisana (Mdller), J. Environ. Sci. Health, B. 27(6): 759-
773 (1992).

Kassem, F.A. and Abdallah, E.A.M., Toxicity of certain pesticides against terrestrial snails, Eobania
vermiculata and Theba sp. Alex. ci. Exch., 13(4): 775-786 (1992).

EL-Wakil, H.B. and Meshah, H.A., Effect of spraying copper sulfate solution on the infestation rate of
the terrestrial snail Theba pisana (Miller) and the productivity of Vicia faba (L). Com. in Sci. and Dev.
Res., No. 786, Vol. 52 (81-88) (1995).

EL-Wakil, H.B. and Attia, A.M., Effect of selected insecticides on terrestrial snails Eobania ver-
miculata (Mdiller) and Theba pisana (Mdller) with respect to some morphologica changesin Egypt, En-
viron. ci. Health. B. Vol. 34(1): 47-60 (1999).

Judge, F.D., Preliminary screening of candidate molluscicides. J. Econ. Entomol., 62(6): 1393-1397
(1969).

Godan, D., Pest Sugs and Snails, Biology and Control, N.Y ., Springer-Verlag, Berlin, p. 447 (1983).
Young, C., Meta chelates as stomach poison molluscicides for introduced pests, Helix aspersa, Theba
pisana, Cernuella virgata and Deroceras reticulatum., Australia. Slug & Snail Pestsin Agriculture. Pro-
ceedings of a Symposium, University of Kent Canterbury, UK, 237-243 (1996).

Olkowski, W.S. Daar and Olkowski, H., Common Sense Pest Control, The Taunton Press Inc., U.SA.
(1991).

Radwan, M.A. and EL-Wakil, H.B., Impact of certain carbamate and synthetic pyrethroids on the non-
target terrestria snails Eobania vermiculata. Alex. Sci. Exch., 12(2): 305-316 (1991).

Bullock, J.I., Coward, N.P., Dawson, G.W., Henderson, |.F., Arkworthy, L.F., Martin, A.P. and
Garth, S.P., Contact uptake of metal compounds and their molluscicidal effect on the field slug, De-
roceras reticulatum (Mller) (Pulmonata: Limacidae). Crop Protection, 11(4): 329-334 (1992).
Bradley, M.D. and Runham, N.W., Heavy metal toxicity in the snails Helix aspersa maxima reared on
commercial farms: cellular pathology. Slug & Snail Pests in Agriculture. Proceedings of a Symposium,
University of Kent, Canterbury, UK, 353-358 (1996).

Davis, P.R., J.J., Van-Schangen, Widmer, M.A. and Craver, T.S.,, Assessment of the molluscicidal
activity of a copper complex compound. Slug & Snail Pests in Agriculture. Proceedings of a Sym-
posium, University of Kent, Canterbury, UK, 24-26 (1996).

Sakovich, N.J., An integrated pest management (IPM) approach to the control of the brown garden
snail, Helix aspersa in California Citrus orchards. Slug & Snail Pests in Agriculture, Proceedings of a
Symposium, University of Kent, Canterburg, UK, 283-287 (1996).

Triebskorn, R., Henderson, | .F., Martin, A. and Kohler, H.R., Slugs as target or non-target organisms
for environmental chemicals. Slug & Snail Pests in Agriculture. Proceedings of a Symposium, Uni-



Molluscicidal Activity and Repellency of... 25

versity of Kent, Canterbury, UK, 65-72 (1996).

[19] Young, A.G. and Wilkins, R.M., A new technique for assessing the contact toxicity of molluscicides to
slugs. Journal of Molluscan Sudies, 55(4): 522-536 (1989).

[20] Gomat, A., Effects of heavy metals on snail development. Use of snails as bio-indicators of heavy metal
pollution for the presentation of human health. Bul. Acad. Natl. Med., 181(1): 59-74 (1997).

[21] Hata, T.Y., Hara, A.H. and Hu, B.K.S., Molluscicides and mechanical barriers against slugs, Vaginula
plebeia (Fisher) and Veronicella cubensis (Pfeiffer) (Stylommatophora: Veronicellidag). Crop-
Protection 16(6): 501-506 (1997).

[22] SAS, Sat User’'s Guide. SAS Institute. Inc., SAS circle, P.O. Box 80000. CARY, NC 27512-8000,
U.SA. (1987).

[23] Glendenning, R., Slug contral in Canada. Proc. Publ. Series, No. 85, 1-5 Entomol. Sci. Serv. Dep. Ag-
ric., Canada (1952).

[24] Cairncross, R.A.D., Combating slugs and snails. Gardeners Chronicle, 141.307 (1957).

[25] Van-Dinther, J., Malluscs in agriculture and their control. Meded Lab. Entomol. Wageningen, 232:
281-286. World Crops 11/12 (1973).

[26] Chen, D.N., Zhang, G.Q., Xu, W.X., Liu, Y.H., Cheng, X.M. and Wu, J.Q., A study of comple-
mentary techniques for snail control. Slug and Snail Pests in Agriculture. Proceedings of a Symposium,
University of Kent Canterbury, UK, 425-432 (1996).



26 Hamdy B. El-Wakil

0 L gl b siansdI e 83,y A6 Lo W)
e Sl 55 g (g - (G ) Bl 3 53

s i Jlld) LU b

QULJ/@EJQ}MJ{.&AC‘ZP’JJJ[JSJLAI/C)U}:J-ICJJMM
Lyl oo &y sgozr = LS Yl e o sSL ¢ denal]

ELFS-TES SUUH ST SF PUV P VR JOJUCTS R M
55l Sl 1S 5 055 5o N1 Sl 1S 5 ot ) Dl S5 i 3 5]
e (e [O039) 1Y, 0 55 md s din b wsgmy pwdl ol 1S5
jTS;)LbjTRBU>\)ASL+:tl}Uw)>; .(L‘;,_«J\'@J_SDZJJY asle
Blall el jloesl cead S &) Bl Lt 3153 s Gs e8!
AL & Al el o 155 e sazes )] JI Bl 3102
Sl 05 LS L Alaladl dns il 100 €Y ) sy W1 sle]
b Ao & el 2l Wl slael 3 aliss s s &l 2l
b a3 slaeY &l Ll L) Blias bl T imy 31 5 sle]

S ale

(oo O e DU Blia O Lde fasenll el o b
Sl S oS e Oy v o) o 81 s (6 s i 3L
B Wil AU sl 2 3 idels LS U 2sTols bl
olom b p gl Sl S S e Ll LY v e sy W1 S5V e el
59 Sl S S e s el Sy S 0 5B S



	JKAU: Sci., Vol. 11 (Eng.).pdf
	Inside
	Bismillah
	Inside Cover
	Supervisory Board
	Contents
	I. Biological Sciences
	1. Microbiology
	The Isolation of Halotolerant Pigmented Actinomycetes
	Arabic Abstract


	2. Plant Protection
	Molluscicidal Activity and Repellency
	Arabic Abstract



	II. Physical Sciences
	1. Astronomy
	Determination of the Galactic Rotation Curve
	Arabic Abstract


	2. Physics
	Determination of Radioactive and Phosphatic Layers
	Arabic Abstract


	3. Mathematics
	On the Primitive Classes of K *(BU)
	Arabic Abstract


	4. Chemistry
	Aziridination of Chalcones with Chiral and Achiral
3-Acetoxyaminoquinazolin-4 (3H)-Ones
	Arabic Abstract

	Synthesis,Characterizations and Absorption Spectral Studies
	Arabic Abstract

	Kinetics of Isothermal Decomposition of Copper (II) and Cobalt Salts
	Arabic Abstract







