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Abstract

The objective of the study was to determine the LC;,
(96 h) of the fungicide Taqat (Captan, Hexaconazole)
on post larvae of Macrobrachium rosenbergii (de Man).
Prawns of average length 1.98 cm were exposed to
tagat at concentrations of 0, 0.02, 0.04, 0.06 and 0.08
mg L. The LC,, of Hexaconazole at 96 h was found
to be 0.064 mg L!. Total haemocyte count (THC) of
prawns in response to exposure to sublethal
concentrations of taqat increased in test groups
(7.87+5.96 to 1877.5£1622.3) were noticed. Signifi-
cant changes in physiological and behavioural
patterns were noticed. Differential haemocyte count
(DHC) showed elevated agranulocytes (63.66+6.60
to 81.76+1.60) when compared to granulocytes
(5+1.7 to 34.72+3.6) in experimental groups. Changes
in blood clotting time (30.00+2.32 to 166.66+2.88)
were also noticed between control and test groups
indicating possible signs of stress in exposed
animals. Present results demonstrate the risks
involved in farming of M. rosenbergii near rice farms
where these fungicides are routinely used.
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Introduction

Kuttanad, a low lying wetland area extending over
53, 639 ha, spreads in the districts of Alappuzha,
Kottayam and Pathanamthitta of Kerala, South
India. The region is considered as one of the most
fertile lands of the world where rice is cultivated.
Kuttanad region and its community were facing
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severe agrarian distress for the last five decades
owing to a variety of factors (Swaminathan, 2007).
There is no systematic pest control in the region and
therefore, farmers indiscriminately apply pesticides
in their farms. This unscientific and non-judicious
application of pesticides was reported to be ineffec-
tive as well as unwanted as they caused severe
damage to the Kuttanad ecosystem as highlighted
Kuttanad Water Balance Study Project (KWBSP,
1990).

Study conducted in selected areas of Kuttanadu is
recorded 130 species of plants, 67 species of
phytoplanktons and 7 species of zooplanktons
(Sreejith, 2013). The extensive food chains and rich
biodiversity provide unique habitats for a wide
range of flora and fauna (Narayanan et al., 2011).
The water bodies in the area serve as nursery
grounds for larvae and juveniles of major fishes and
shellfish. The post larvae and juveniles of M.
rosenbergii have been reported to be utilizing the
polders adjacent to Vembanad lake as nursery
grounds, where they feed upon rice grains and small
worms (John, 1957; Raman, 1967). However, a heavy
decline in its stock size to mere 39 t was reported
during eighties (Kurup et al., 1992). The consider-
able stock depletion was attributed mainly to impact
of man-made changes in its ecosystem such as
habitat alteration, reduction in natural grow-outs,
reclamation, pollution from agricultural effluents,
recruitment over-fishing and also operation of a
salinity barrier at Thanneermukkam (Kurup et al.,
1992). Agrochemical effluents from extensive polders
were also attributed to the dwindling stock of this
species (Swaminathan, 2007).

Acute toxicity of organophosphate pesticides on
Channa marulius was observed by Kurup et al. (1990)
from Kuttanad wet land areas. Toxicity of pesticides
like monocrotophos and 2,4-D in Etroplus suratensis
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were reported by Nair et al. (2000) and Anabas
testudineus collected from Kuttanad waters by Mercy
et al. (2001). Tagat or hexaconazole is a fungicide
used widely in Kuttanad with chemical composi-
tion, captan (70%), hexaconazole (5%) and sodium
salt of naphthalene (5%) as major constituents
(Varghese, 2012).

Taqat is a systemic fungicide used for the control
of many fungi particularly ascomycetes and basidi-
omyecetes. It is a broad spectrum fungicide highly
useful to prevent diseases on fruits and vegetables
of various crops. Fungicide taqat is well suited for
soil and seed borne diseases too (Kengar et al., 2014).
It has been reported that taqat is highly toxic to fish
and aquatic species which killed 50% of rainbow
trout within 24 and 96 h at concentrations of 0.57
and 0.38 mg L respectively (Boran et al., 2012). The
aim of the study was to assess the effects such as
alterations in behaviour, physiology and immune
system in response to chronic exposure to sub-lethal
levels of taqgat by assessing the total haemocyte
count (THC), differential haemocyte count (DHC)
and blood clotting time in the surviving prawn.

Materials and Methods

The post larvae of freshwater prawn, Macrobrachium
rosenbergii were procured from commercial hatchery
at Azheekode, Kerala, India. The prawns were
acclimatized in laboratory for 2 weeks before
experiments. Five groups of prawns (6 nos. each)
of mean size 1.98 cm were kept in glass aquaria (100
L capacity) containing 20 L of test solution
comprising taqat at concentrations ranging from 0
to 0.08 mg L'!. Temperature was maintained at 26-
28°C and the prawns were fed with commercial diet
(32% crude protein) twice daily at the rate 3% of
body weight. The animals were examined every 12
h, and were considered dead if they did not
respond to mechanical stimulation. The dead
animals were removed and the cumulative percent-
age mortality for every 12 h was recorded. The 96
h LC,, value was calculated statistically by probit
analysis (Finney, 1971) using SPSS 16 software. Sub
lethal concentrations of taqat 0, 0.002, 0.004, 0.006
and 0.008 mg L' were prepared by adding
calculated doses of stock solution prepared fresh
every day. 50% of the water was changed every day
and the study lasted for 4 days. During the
experiment, water temperature was maintained at
26-28°C, pH at 6.52 + 0.41, dissolved oxygen at
7.5 + 0.25 mg L7, total hardness at 4 + 2 mg L

and alkalinity at 6 + 3 mg L following standard
methods (APHA, 1998).

Haemolymph were drawn at 24, 48, 72 and 96 h
post-exposure to tagat using capillary tube of
diameter 1.1 to 1.2 mm from the rostral sinus and
the base of the second walking leg of the prawns.
Total haemocyte count (THC) was determined by
following the procedure of Huang et al. (2010),
using the Neubaucer type’s Haemocytometer (Pa-
cific Path Surgi Co. New Delhi) by using an
anticoagulant solution (10 ppt. trisodium citrate).
The cells were counted under a light microscope of
magnification 10 x and 100 x. Differential haemocyte
count (DHC) was determined using a fixative and
Wright stain. Twenty pl of haemolymph was drawn
from each animal by a capillary tube pre-filled with
1 ml fixative and it was drawn into a microfuge tube
on ice. The contents were stored at 4°C for 1 h and
then centrifuged at 8000 rpm for 5 min. Thick
smears were prepared from the concentrate on glass
slides and stained with dilute Wright's stain of pH
7.2. From each slide haemocyte cells were observed
under microscope (100 x) and the percentage was
calculated (Mix & Spark, 1980). Haemolymph
clotting time was assessed by following the proce-
dure of Smith et al. (1995) using 25 ml of
haemolymph inside a pre-cooled glass capillary
tube of diameter 1.1-1.2 mm and length 75 mm.

Results and Discussion

Relationship between prawn mortality probability
and taqat concentration (mg L) after 96 h of
exposure was indicated in Fig. 1. The LCg, value
(96 h) estimated for taqat was 0.064 mg L. High
THC was recorded in prawns exposed to sub lethal
concentrations of taqat in contrast to control. The
mean values of THC in control and test organisms
are given in Table 1. THC registered an increasing
trend with 103.23 and 1877.5 x 10 cells per unit at
taqat concentrations of 0.002 to 0.008 mg L
respectively as given in Table 1. THC in control was
7.87 + 596. High mean DHC in agranulocytes
(81.76% +1.6) was observed in control group but not
in prawns exposed (63.66% =+ 6.60) to sub lethal
concentrations of taqat. Low DHC in terms of
granulocytes was observed in control group (5% *
1.7) than in prawns exposed (34.72% + 3.6) to sub
lethal concentrations of taqat. The mean + SD values
(%) observed in control and test organisms are given
in Table 1. Blood clotting time was prolonged in
prawns exposed to sub lethal concentrations of taqat
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than control group (Table 1). Blood clotting time
recorded an increasing trend showing values of
101.66 + 2.32 and 166.66 + 2.88 sec for taqat
concentrations of 0.002 and 0.008 mg L respec-
tively; whereas the control group showed low
clotting time of 30.00 + 2.32 sec. During the toxicity
tests, prawns showed stress symptoms like escaping
by jumping, crawling to walls and clinging on to net
covering.

Taqat: Probits vs. Concentration

4
35

Probit Mortality

002 003 004 005 006 0.064 007 008

Concentration

Fig. 1. Mortality of M. rosenbergii post larvae after 96 h
exposure to taqat concentrations (mg L7) using
probit analysis

In the present study, the prawns exposed to taqat
showed LC, value of 0.064 ppm. Ballantyne (2004)
reported 96 h LC,, values for Hexaconazole as 5.94
mg L in minor carp, 7.67 mg L in rainbow trout
and 5.4 mg L in sheepshead minnow. LC,, values
in M. rosenbergii in respect of endosulfan and
malathion were 0.006 and 0.013 ppm respectively
(Natarajan et al., 1992). Comparable values of LC,,
have also been reported by Venugopal et al. (2003)
in M. malcolmsonii for pesticides dichlorovos and
monocrotophos as 0.02 ppm and 0.55 ppm respec-
tively (KWBSP, 1990).

66

M. rosenbergii is a true denizen of Kuttanad Rivers
and is known to support a very lucrative fishery in
Vembanad Lake adjacent to Kuttanad wet land
areas. The exploited stock of M.rosenbergii from
Vembanad Lake and 5 km. stretch of the confluent
rivers viz., Pampa, Manimala, Meenachil and
Muvattupuzha was quantified at annual average
landings of 121.14 t (Harikrishnan & Kurup, 2003).
In the present study, M. rosenbergii exposed to higher
concentrations of taqat showed symptoms of severe
distress and intolerance. Boran et al. (2012) found
similar reaction in rainbow trout exposed to captan
at 0.35 mg L? or higher concentrations where the
fish exhibited signs of restlessness, erratic swim-
ming, dark pigmentation, flashing, convulsions,
increased respiratory rates and loss of body balance.
It has been reported that pesticides cause neuromus-
cular disturbances due to the effect on acetylcholine
esterase (AChE) an enzyme involved in the deacti-
vation of acetylcholine at nerve endings, preventing
continuous nerve firing, which is vital for normal
functioning of sensory neuromuscular systems
(Comoglio et al., 2005).

In the present study, THC values of prawn exposed
to sub lethal concentrations of taqat were signifi-
cantly higher than control. Elevated THC may be a
strategy to mitigate the cause of stress (Bharghavan,
2008). Cheng (1988) reported that eastern oyster
Crassostrea virginica, after 3 to 14 days of exposure
to 1 mg L' cadmium showed increased THC and
indicated that the increase was due to an increase
in number of hyaline cells. Bharghavan (2008)
observed similar change in green mussel Perna
viridis exposed to the highest sub lethal concentra-
tion of copper (30 pug L) showed increased THC.
Auffret et al. (2006) reported an increase in THC in
mussels collected from polluted stations. Mussels

Table 1. Mean + SD of Total haemocyte count (THC), Differential haemocyte count (DHC) and Blood clotting time
(Sec.) of M. rosenbergii post larvae exposed to sub lethal concentrations of taqat

Conc. Mean THC Mean DHC (%) Clotting Time
(mg L) (10°cells mL1) (sec)
Small Large
(Agranulocytes) (Granulocytes)
0 7.87 £ 5.96 81.76 +1.60 5+ 17 30.00 + 2.32
0.002 103. 23 + 18.1 73.00 + 3.36 10 + 2 101.66 + 5.77
0.004 251. 12 + 4.794 73.02 + 7.60 129 £ 2 128.33 + 17.55
0.006 775. 95 + 298.4 66.66 + 7.76 22.53 + 2.8 146.60 + 14.43
0.008 1877. 5 + 1622.3 63.66 £ 6.60 34.72 + 3.6 166.66 + 2.88
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exposed to heavy metals had elevated circulating
haemocytes (Coles et al.,, 1994; Pipe et al., 1999).
Muytilus edulis on exposure to fluoranthene, cad-
mium and temperature stress resulted in increased
total cell counts (Cheng, 1988). Auffret & Oubella
(1997) reported that increase in THC might be due
to migration of haemocytes from interstitial tissues
into circulation as a consequence of cell disturbance
due to loss in adhesion properties. Elevated THC
can also be due to haemopoiesis and proliferation
of the cells as well (Pipe & Coles, 1995).

Mean DHC values recorded in the present study
was comparable to values reported in other similar
species. However, the majority of haemocytes
observed were agranulocytes (78.35% =+ 3.94%)
compared to granulocytes. Similar observation was
also made by Bharghavan (2008) who reported a
drastic decrease of granulocytes in contrast to
predominant increase of agranulocytes in green
mussel Perna viridis exposed to copper and mercury.
On the contrary, DHC in Mytilus edulis revealed a
dominance of granular haemocyte, varying between
70 to 93% (Wootton et al.,, 2003). In the scallop
Chlamys ferreri, the granulocytes of 14.43 um size
constituted about 66% of cells in the haemolymph
(Xing et al., 2002).

As reported in other studies, blood clotting time in
M. rosenbergii was significantly higher in experimen-
tal groups exposed to sub lethal concentrations of
tagat in which the prawn survived (mean time 135
+ 26.95 sec) than in control group (30 + 2.32 sec).
Changes in number of circulating haemocytes and
clotting time are considered as indicators of stress
in crustacean (Smith et al., 1995; Jussila et al., 1999).
It has also been reported that food intake, disease
outbreak, pollutants and environmental stress also
affect the quantity and quality of circulating
haemocytes of crustaceans (Le Moullac & Haffner,
2000; Cheng & Chen, 2001).

The present study showed that low concentration of
the fungicide causes severe stress, intolerance and
mortality of the species. Taking into account the
quantity of fungicide released into the Kuttanad
waters, the problem of fungicide toxicity needs to
be addressed immediately.
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