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Abstract. Some exogenous compounds found in the environment alter the development of an
organism from its usual path and worst, can cause embryonic abnormalities. Specifically, this study
sought to determine the effect of crude leaf extract of Cymbopogon citratus (lemon grass) on the
developmental stages of Pomacea canaliculata (golden apple snail). Three experimental treatments
(i.e. 20%, 50% and 100% C. citratus), one negative control (water) and one positive control
(molluscicide) were employed in the study. Results showed that crude extracts of C. citratus alters the
normal growth of P. canaliculata by preventing the development of the embryo, altering the incubation
or hatching period of the egg and increasing mortality rates on both adult and juvenile stages.
Moreover, leaf extracts of C. citratus is a valuable molluscicide since P. canaliculata is considered an
invasive rice field pest. C. citratus is a potential organic substitute to synthetic molluscicide with no
harmful effects to humans and to the environment.
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Introduction. Environmental cues play a role in the development of an organism.
Exogenous compounds found in the environment can divert and alter development of an
organism from its usual path and cause abnormal effects (Gilbert 2000). Many of the
embryos express their abnormality so early that they fail to develop further into its next
stage in its life cycle. Others develop but fail to hatch. In a similar manner,
developmental stages of Pomacea canaliculata (golden apple snails) are sensitive to
these environmental exogenous compounds.

Several studies have been reported that hatching of the snail eggs are inhibited by
reducing the air supply to embryos in the egg and decreasing of temperature of
incubation water (Schnorbach 1995; Horn et al 2008), or by blocking the penetration of
water into the egg (Pizani et al 2005). These related studies which alter the embryonic
development of the snails are so important since P. canaliculata is considered a major
exotic rice pest. It is highly prolific and reproduces ten times faster than the native
species (Marwoto & Isnaningsih 2011; Suharto 2002). Since golden apple snails
reproduce rapidly, egg destruction is a very effective control strategy, hence altering its
normal embryonic development.

P. canaliculata is an invasive species native to South America (Halwart 1994) and
recently posed problems to both public and private sectors of rice industry in Asia,
including the Philippines (Taguiling 2015). If no control measure is taken, they can
completely destroy 1 sq. m. of rice field overnight. This damage could lead to more than
50% vyield loss. Aside from the devastating effect of P. canaliculata on rice, the
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community that surrounds rice farms may be also invaded and be affected, such as other
local fauna species in the area (Chaichana & Sumpan 2014).

Medicinal plants represent the oldest and most widespread form of medication
known to man which include the use of plant extracts as molluscicides (Salawu & Odaibo
2011) since they are less expensive and less hazardous to the environment than their
synthetic counterparts (WHO 1985). In fact, the first pesticides in the group of organotin
compounds used to eradicate P. canaliculata were banned because of its unregistered
used as molluscicide and its harmful health effects to farmers. Plants cause behavioral
and physiological effects on pest and vectors of diseases because they possess defensive
chemicals of various categories, e.g. terpenoids, alkaloids, glycosides, phenols and
tannins (Singh et al 2010).

Cymbopogon citratus, commonly known as lemon grass, is a perennial plant with
long thin leaves and is one of the largely cultivated medicinal plants for its essential oils
in parts of tropical and subtropical areas of Asia, Africa and America (Chanthal et al
2012). The leaves of C. citratus exhibit lemony characteristic flavor due to its main
content known as citral which posed great importance to the industry (Ranitha et al
2014). It has also been reported to have therapeutic and insecticidal properties
(Masamba et al 2003; Eifert 2004; Soonwera & Sinthusiri 2014). Several studies and
different strategies have been done to explore plant as chemical control to snail
populations (El-Sherbini et al 2009; Chantal et al 2012), some are not effective while
other are moderately effective (Hendarsih et al 1994). This is supported by the study of
Musman et al (2013) which emphasized the molluscicidal activity of Baringtonia
racemosa seed extracts on P. canaliculata due to the presence of saponins and
flavonoids. However, only few publications are known for its molluscicidal effects on
certain species of snails which shows that relatively little work has been carried out on
their application on the field.

Hence, the objective of the present study was to examine the effect of crude leaf
extracts of C. citratus on different developmental stages of P. canaliculata which can
support organic farming and may be a substitute to the synthetic pest control measures
used by farmers which are expensive and harmful. By altering its normal development,
this offers potential management technique.

Material and Method. This study employed field sampling and followed by laboratory
set-up.

Collection of P. canaliculata and maintenance. Mature male and female of P.
canaliculata were randomly collected in the rice field of Barangay Sta Elena of lligan City
(coordinates 08°11.954 N and 124°13.606 E), province of Lanao del Norte, Mindanao,
Philippines. P. canaliculata were allowed to lay eggs in a pail half-full of rice field water in
vitro from April 22 to May 6, 2015 with temperature ranging from 27-30°C. Masses of
eggs were collected and were considered as experimental eggs in several treatments.
These cluster of eggs (200-277 eggs per cluster) were then isolated with a scalpel and
were put on top of wire gauze set on top of the basin above water level. Adults were fed
with rice plant and Arum leaves during the egg gathering, after which they were also
exposed to the different treatments (Figures 1 A-C).

Figure 1. Experimental set-up: (A) newly hatched eggs of P. canaliculata inside the pail;
(B) separated eggs as experimental treatments, (C) adult apple snail inside the pail.
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Collection and preparation of plant extracts. C. citratus leaf was collected from the
nearby garden along Barangay Hinaplanon, lligan City, Philippines. It was rinsed with
distilled water to remove dust and unwanted materials. The fresh C. citratus was then cut
into small pieces using knife and were grinded with mechanical grinder. It was then
squeezed using white cheese cloth and was filtered through Whatman No. 1 filter paper
to obtain its pure extract. Treatments were then prepared in three replication viz. 100%,
50% and 20%. Distilled water was utilized to make the solutions. The plant extract was
used immediately after the extraction and was refrigerated to ensure their freshness.
Control set-up includes molluscicide (positive control) and rice field water (negative
control). Niclosamide (SURE KILL®) served as the reference molluscicide.

Exposure of eggs to treatments. Egg clusters in each set-up were exposed to 5
different treatments, with three replicates each, as follows: treatment 1 (100% C.
citratus, treatment 2 (50% C. citratus), treatment 3 (20 % C. citratus), treatment 4
(molluscicide) and treatment 5 (water). Using syringe, 5 mL were then sprayed to each
replicates every 4:00 PM for 7 consecutive days until the eggs were hatched. Hatched
eggs were counted for each treatment, after which each remaining unhatched egg was
checked for undeveloped embryo and possible developed embryo but unsuccessful in
hatching even after the maximum incubation time (14 days). Observations were recorded
and photographs were taken (Figures 2 A-B).

[ : T casas
Figure 2. Exposure of eggs to treatment: (A) spraying of treatments using
syringe and (B) hatched eggs (encircled part).

Exposure of juvenile P. canaliculata to treatments. Ten juvenile snails (1 day old)
were exposed to the same treatments for 24 hours (Figures 3 A-B). These juvenile snails
were taken from the untreated eggs. Thereafter, mortality counts were done and
recorded.
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Figure 3. (A) Newly-hatched juveniles; (B) Juvenile stage exposed to different treatments
(encircled oval shows floating, dead juveniles and circular shape shows behavioral escape of
the juveniles from the treatment).

Exposure of adult P. canaliculata to treatments. Similarly, ten adults of equal sizes
were exposed to the same treatments for 24 hours. After 24 hours of exposure, mortality
of each treatment was counted. Mortality counts were based on negative retraction
exhibited by the operculum when picked with a pointed object (Figures 4 A-B).
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igure 4. (A) Exposure of adult snails to treatments; (B) Retraction response as basis of
mortality counting.
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Results and Discussion. This part focuses on the effect of C. citratus crude leaf
extracts on the different life cycle stages of P. canaliculata, in the following order: egg,
juvenile and adult stage.

Effect of the treatments to the egg development. After the application of the
different treatments during the incubation period of the eggs, there were many eggs that
did not develop to embryos in some treatments. It was also observed that some eggs
developed into embryos but did not hatched and some were successful in their
development until they finally hatched into juvenile snails. Table 1 shows these effects (in
percent) on the development of P. canaliculata eggs.

Table 1

Effect of the different treatments on the development of P. canaliculata eggs
Treatments of Percent of eggs Percent of eggs with developed Percent

eggs with empty embryo embryo but did not hatch hatched eggs
Treatment 1 88.32 % 11.68% 0%
Treatment 2 76.92 % 23.08% 0%
Treatment 3 67.36 % 20.10% 12.54%
Treatment 4 98.38% 1.62% 0%
Treatment 5 31.54 % 0% 68.46%

Among the 5 treatments, only treatments 3 and 5 exhibit successful hatching. However,
both still contained 67.36% and 31.54% undeveloped eggs respectively. Treatment 5
also exhibits the highest percentage in terms of the hatched eggs since this is the
negative control (68.46%). This result is lesser than the 80% hatchability rate of the P.
canaliculata in the field as stated by De la Cruz et al (2001). This could be due to the
developmental symbionts of these snail eggs which is the photosynthetic algae in the
field. As stated by Gilbert (2000), symbiosis between egg masses and photosynthetic
algae is critical for its development. When eggs are packed together in tight masses, the
supply of oxygen limits the rate of development, and the development of those embryos
on the inside of the cluster is retarded compared with those near the surface. While there
is a steep gradient of oxygen from the outside of the cluster to the deep within it, the
embryos seem to get around this problem by coating themselves with a thin film of
photosynthetic algae. Thus, the algae "rescue" the eggs by their photosynthesis.
Treatments 1 and 4 obtain the highest percentage of eggs with empty embryos
(88.32% and 98.38% respectively). This means that these treatments significantly
altered the normal development of the egg. Treatment 2 obtained the highest percentage
of developed embryos but did not hatched. Accordingly, in the developmental process of
the organism, many of the embryos express their abnormality so early that they fail to
hatch or be implanted (Gilbert 2000). Treatments 1, 2 and 4 did not exhibit hatching as
reflected in the 0% of hatched eggs. It also shows that the higher the concentration of
the plant extract, the greater it will alter the development of the embryo. C. citratus has
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phytochemical components such as saponin and flavonoids which prevent the
development of the apple snail embryo and permits anti-hatching (Musman et al 2013).

Effect of treatments on juvenile stage. Table 2 shows zero mortality in treatment 5.
All juvenile snails were active and alive in the control treatment after 24 hours. One
juvenile snail died in treatment 3, obtaining 10% percent mortality. One of the bench-
side observations in terms of its behavioral development, juvenile snails tried to crawl
away from the treatment. But in the treatments 1, 2 and 4, the juveniles were not able
to escape and all of them died, thus 100% mortality rate.

Table 2
Percent mortality of juvenile P. canaliculata exposed to different treatments

Treatments Percent mortality

Treatment 1 100

Treatment 2 100

Treatment 3 10

Treatment 4 100

Treatment 5 0

Effect of treatments on adult stage. Table 3 shows the percent mortality of adult P.
canaliculata exposed to different treatments. Higher concentrations of extracts
(treatments 1 and 2) caused significant percent mortality (100% and 80%, respectively).

Table 3
Percent mortality of adult P. canaliculata exposed to different treatments

Treatments Percent mortality

Treatment 1 100

Treatment 2 80

Treatment 3 0

Treatment 4 100

Treatment 5 0

In treatment 3, no mortality was observed however it exhibits inactivity. They were
observed to be withdrawing into their shell but became active after 30-45 minutes and
moved around the container with their foot extended. Immediately less than 30 minutes,
snails treated with treatments 1 and 4 died. There was a visible swelling of the
cephalopodal mass. High doses of the active plant extracts caused the cephalopodal mass
of each snail to become severely swollen and turgid and mucous secretion was observed
over most of the foot. After 24 hours, the toxic effects of the plant extract became
evident. There was either a partial retraction (withdrawal response) in the partially dead
snail or no retraction in the dead snails (Figures 5 A-B).

AT RN @
Figure 5. Effect of treatments to adult P. canaliculata (A) recove.ry from inactivity of adult snails
exposed to 20% lemon grass extract; (B) dead adult P. canaliculata after treated with 100%
C. citratus extract, showing swollen tissues and mucus secretion.
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On the overall account of the life cycle stages of P. canaliculata, higher concentrations of
C. citratus alters the development of the test organisms. This study supports the results
conducted by Musman et al (2013) that the seed extracts of B. racemosa has a
molluscicidal activity to P. canaliculata due to the presence of saponins and flavonoids
which had a significant effect on mortality of the freshwater golden apple snails. These
components are found also in the leaf extracts of C. citratus. According to Wu et al
(2005), these components could reduce the air supply to the embryos in the egg, thus,
altering the normal development of the golden apple snail embryo.

Other noticeable observations. Other important factors that affect hatching success of
eggs include temperature, water immersion and cannibalism. Egg predation by red
harvester ants (Solenopsis invicta) and cannibalism was also observed in this study.
According to Hochberg et al (1992), red harvester ant collect seeds, dead insects and
eggs of invertebrate animals and store them in the nests as food for the colony. They can
easily get foods because their mouthparts are designed for chewing.

In a study by Horn et al (2008), hatching success of P. canaliculata eggs was
reduced 75% by immersion in water and was negatively correlated with time submerged.
Both underwater egg predation and low immersion tolerance may be exploited to limit its
spread. Figures 6 A-B show some of these observed factors during the conduct of the
experiment. In this incident, egg clusters were replaced and important precautionary
measures were taken to prevent it from happening again.

which escaped from captivity, with labeled paper also eaten (arrows indicate the eaten part)

These observations support the common traits possessed by invasive species as stated
by Joshi (2010) such as being generalist (can eat wide variety of food such as its own
eggs and paper), fast growth (7 days incubation time), rapid reproduction (can mate
anytime and can lay between 25-350 eggs per week). Another significant observation
was the distinct characteristics of the snail eggs. When sprayed with water (control), the
water was not able to penetrate into the cluster of eggs, it just flows to the basin
container. This is contrary to the observations on the other treatments (1, 2 and 4) which
allowed a slight penetration or diffusion to the egg, and caused its shrinkage. According
to Singh et al (2010), egg shells of the P. canaliculata are composed mainly of calcium
carbonate and small amount of organic matter holding on it and responsible for any color
of the eggs. Water cannot penetrate to the calcium carbonate shells, thus P. canaliculata
eggs are waterproof. Unlike those eggs treated with the rest of the plant extracts,
organic compounds from the C. citratus can stick to the calcium carbonate component of
the shell, thereby causing the shrinkage of the egg masses. Clustering of the snail’s eggs
could be considered a significant adaptation because only the outermost part is being
affected easily by exogenous materials and by its predators.

The male snail is more aggressive and somehow displays courtship by climbing
over the shell of the female which also opens its operculum. Mating occurs when the
adult male P. caniculata attaches to the female operculum with a maximum of 2 hours in
a day and detaches thereafter. Prior to egg-laying, gravid female started crawling to the
upper portion of the pail. In this in vitro experiment, egg clusters ranges from 200 to
277. Egg attaches itself to twigs, stems and stones (or in this case, plastic pail). Eggs are
bright pink when hatched and turn to light pink then to light brown when about to hatch.
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Incubation is 7-8™ days. The juveniles ressemble like miniature adults in some ways,
however, the shell is softer and it is a very squat, transparent shell rather than the
elongated spire.

Conclusions. The leaf extracts of C. citratus caused alterations on the development of P.
canaliculata by increased percentage of the undeveloped embryo and greater anti-
hatching ability of its eggs. It also caused significant mortality on the juvenile and adult
stages of P. canaliculata. The results obtained demonstrate that C. citratus is a potential
plant molluscicide, a less costly and environment-friendly pesticide management
technique that may improve the maximum yield of rice production and other crops.
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