-

View metadata, citation and similar papers at core.ac.uk brought to you byj: CORE

provided by Journal of Applied and Natural Science

Journal of Applied and Natural Science 8 (3): 1618 - 1622 (2016)

Effect of chlorpyrifos on survival, growth and reproductive performance of
Eudrilus eugeniae (Kinberg)

S. S. Hundal’, R. Kaur! and Avneet Kaur*

Department of Zoology, College of Basic Sciencddunanities, Punjab Agricultural University, LudhéaiNDIA
"Corresponding author. E-mail: sshundal@pau.edu

Received: December 15, 2015; Revised received: June 05, 2016; Accepted: August 21, 2016

Abstract: The present laboratory study was conducted to determine the effect of chlorpyrifos on growth and repro-
duction of the earthworm Eudrilus eugeniae. Chlorpyrifos was mixed with soil substrate at four different dose formu-
lations i.e. D1 (2.5ml/2000ml); D2 (5.0ml/1000ml); D3 (7.5ml/1000ml); D4 (10.0mI/1000ml). Soil substrate without
chlorpyrifos served as control. Growth and survival rates were determined till four weeks and effects on reproduction
are assessed after eight weeks of exposure. A non significant decrease (p > 0.05) was observed in body weight of
earthworms which was recorded on day 1, 2, 3, 7, 10 and 14. A dose dependent effect on cocoon production and
survivability of hatchlings was observed in all treated groups. The effect of chlorpyrifos on life cycle of earthworm
was more in dose D3 (54.25 days) when compared to control (28.75 days) while no worm survived in D4 dose. The
present study revealed that chlorpyrifos at high dose levels(7.5ml/1000ml and 10.0ml/1000ml) affect the reproduc-
tion and growth of earthworms, primary bioindicators of soil fauna, whereas the base dose (5.0ml/1000ml) may be
considered as safe for soil applications.
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INTRODUCTION (Ouelletet al., 2008; Jouquett al., 2010) and when
exposed to pesticides and heavy metals may experi-
ence physiological disturbances such as a reduation
biomass, population size and reproduction as well a
lysosome deficiencigRickettset al., 2004; Spurgeon

With increasing demand for food and fiber, agrigrét
has to depend on the use of pesticides and fersliz
for high yields which leads to environmental contam

n"?‘tr'lorr‘] varieties. The use of pE}StI‘I]CI.dES.lhas !ne:daas et al., 2004).Eudrilus eugeniae (African night crawler)
with the Increasing awareness of their utllity griaul- 5,504 extensively for composting in tropics, espe

ture, animal husbandry, and post harvest technolog)éia" ; ; : : e

. . . i y in Africa and India. This species is moreguc-
and in public health \{vorIqIWIdGMuthuwveganandavel tive in terms of rates of growth than other speciés
etal, 2008).' Chlo_rpyrlfos IS a broad_ SPEctrum organo- o4 thyyorm. Changes in growth and reproductive pa-
phosphate insecticide effective against a largeb®im o\ tars of earthworms exposed to agro-pesticide

Of. agricultural and household pests. In '”‘?”a’ st i, loaded soils seem to be useful indicators of solilup
widely recommended for seed treatment against Wh't‘?ion. The present study was carried out to detegmin

iS00 o e et st o pene et of cloprics on vl roth are
' ) “production ofEudrilus eugeniae (Kinberg).
cide protect the floral diversity against the pardar proguct udrilus eugeniae (Ki 9

pest but also affect the non target fa(Mair et al., MATERIALSAND METHODS
2004). Earthworms are common soil organisms in
most environments and play an important role in im-
proving structure and fertility of soil ecosystems
(Georgescand Werber, 2007; Bartllet al., 2010) by
modifying soil organic matter both chemically and
physically, facilitating the formation and stabdtion

of soil aggregates and improving soil porosity.t&ar
worms have sensitive receptors on their body sesfac
with which they sense chemicals in the §ddque and
Ebing, 1983) and thus are good bioindicators of soi
providing safety thresholds for insecticide appimas
(Sutharet al., 2008; Lourencoet al., 2011). Earth-
worms constitute about 60-80% of total soil biomass

Stock: E. eugeniae was cultured in cement concrete
rings containing farmyard manure (FYM) substratthi
Department of Zoology, PAU, Ludhiana. The FYM was
collected from the livestock farm, located at GADS\4,
Ludhiana. Earthworms in pre-clitellar and clitelfgrase

of life cycle were used during the study.

Experimental dose and collection of soil sample:
Considering the dose recommended by PAU as base
(5.0ml/2000ml) different doses viz D1
(2.5ml/2000ml), D2 (5.0ml/1000ml), D3
(7.5ml/2000ml) and D4 (10.0/1000ml) were prepared
in water to access the toxicity of chlorpyrifos on
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growth and reproduction. The soil sample collectedfourth week in control (Table 3). The dozed suliesa
from the experimental fields of PAU campus as agntr had hatchlings only in thé"sveek which is a delayed
consisted of 80% soil and 20% farm yard manure andccurrence. Interestingly, no hatchlings were olesir
sterilized in an autoclave as per standard proesdur in the 7" week in doses D2, D3 and D4, while low
Effect on growth and reproductive perfor mance: hatchability was observed in D1 and control. The va
E. eugeniae were added to 500 mg of soil mixed with ues of percentage survivability of hatchlings dre t
different doses of chlorpyrifos described abovelastic ~ strong pointers that this effect is dose dependenat
trays to study the effect on growth and survival.aioid not species specific (Table 4). Maximum survivapili
moisture loss the plastic trays were covered witiop ~ was observed in D1 dose when compared with control
rated plastic lids/moist cloth. The experiment wasied  where as no worm survived in D4 dose. A significant
out for 14 days and worm’s survival/ activity waslei- increase (p<0.05) in the body weight was obsermed! i
ated on days 1, 2, 3, 7, 10 and Réproductive perform- week of experiment in control, D1and D3 dose wlzare
ance of adulE. eugeniae was estimated by placing one in D2 maximum weight gain was observed duriffy 6
pair of earthworm in plastic tray containing 25@3fm  week of the experiment (Table 5). No worm surviired
of the soil substrate sample treated with chlofpgriRate D4 beyond one week of exposure. Total time takeR.by
of reproduction was assessed on the basis of tiberu  eugeniae, from the emergence of hatchlings to reach adult
of cocoons produced per adult worm at each dosé tre stage with a fully developed clitellum was recordedbe
ment following the method of Sahu and Send{888). 28.75+0.82; 43.25+ 0.82; 45.75+ 0.82; 54.25+ 0.8¢sd
Satigical analyds The experiments were replicated in in control, D1, D2 and D3 respectively. No worms-su
triplicate andthe data was statistically analyzed by Analysis vived in D4 dose application (Table 6).

of Variance (ANOVA) using computer software CPCS1. DISCUSSI ON

RESULTS . . .
As earthworms play an important role as engineers in
Body weight of worms exposed to chlorpyrifos at dif many soils, they have become standard test organism
ferent days is shown in Table 1. A non significdat in ecotoxicology due to their easy handling andul
crease (p>0.05) in body weight was noted in controling. Reduction in body weight of worms indicates th
and treated groups. The effect of chlorpyrifos @r ¢ physiological reaction of the organism to insedéci
coon production rate was dose dependent as indicateexposure and the changes in earthworm’s body mass
by the decrease in value (Table 2) in differerdelo  are thought to be of ecological relevance. It hasnb
D1 (1.34+0.04); D2 (1.5+0.08); D3 (1.36+0.06); D4 assumed by earlier workers that high losses in body
(1.3+0). A similar trend was observed in hatchling mass may lead to negative effects on reproductioin a
production rate and hatchling per cocoon per weeksurvival(Capoweizet al., 2005; Olvera-Velonat al.,
with the hatchlings emerging from cocoons in the 2008) and is relevant in the observations recoried

Table 1. Changes in body weight (g) &f eugeniae in different doses of chlorpyrifos exposed onetiint days.

Days
Doses 1% day 2" day 39 day 7" day 10" day 14™ day
D1 0.45+0.01 0.44+0.02 0.42+0.02 0.42+0.03* 0.40%0.03* 0.40+0.007*
D2 0.44+0.04 0.43+0.03 0.39+0.03 0.36+0.08* 0.33+0.08* 0.33+0.07*
D3 0.37+0.02 0.36%0.05 0.37+0.02 0.41+0.01* 0.44+0.005* 0.39+0.005*
D4 0.42+0.02 0.35+0.05 0.34+0.05 0.30+0.05* 0.34+0.05* 0.34+0.04*
Control 0.43+0.02 0.42+0.03 0.44+0.02 0.33+0.04 0.33+0.04 0.32+0.01

D1, D2, D3 and D4 are the chlorpyrifos dose sampkes2.5, 5, 7.5, 10ml/1000ml; Values are Meanz8fHour repli-
cates;*Values are significant at 5% level of sigiaince

Table 2. Cocoon production rate (cocoon/worm/week) and tatenber of cocoons produced Byeugeniae different doses of
chlorpyrifos and control samples.

Number of Weeks

Doses

1 2 3 4 5 6
D1 0 0.67+0* 1.34+0.04* 1.36 +0.10* 1.12+0.03* 0.6 +0*
D2 0 0 1.5+0.08* 1.37+0.05* 0.60+0.03* 0
D3 0 0 1.36+0.06* 1.25+0.11* 0.62+0.08* 0
D4 0 0 1.3+0* 1.20+0* 1+0* 0
Control 1.7+0.06 1.9+0.07 2.5+0.13 3.4+0.07 1.6+0.17 1.0+0

D1, D2, D3 and D4 are the chlorpyrifos dose samp&es2.5, 5, 7.5, 10ml/1000ml; Values are Meanz8fHour replicates;
*Values are significant at 5% level of significance
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Table 3. Juvenile production rate (juveniles/ cocoon/ weekE. eugeniae in different doses of chlorpyrifos.

Number of Weeks

Doses 1 2 3 4 5 6 7
D1 : 5 - - 0.85+0.13" 0.87+0.09* 0.5%
D2 - - - - 0.72+0.18* 0.64+0.09* -
D3 ; ; ; ; 0.73+0.07* 0.58+0.06* ;
D4 - - - - 0.60+0* 0.5+0* -
Control ; ; ; 1.35+0.024 1.29+0.28 1.39+0.05 1.840.10

D1, D2, D3 and D4 are the chlorpyrifos dose samp&es2.5, 5, 7.5, 10ml/1000ml; Values are Meanz8fHour replicates;
*Values are significant at 5% level of significance

Table 4. Effect of chlorpyrifos on survival and growkh eugeniae hatchlings.

Number of Weeks

Doses 1 2 3 4 5 6 7 8
D1 100 100 100 100 100 100 100 75
D2 100 100 100 100 75 75 50 50
D3 100 100 75 75 50 50 50 50
D4 100 - - - - ; ; -

Control 100 100 100 100 100 100 100 100

D1, D2, D3 and D4 are the chlorpyrifos dose sampée2.5, 5, 7.5, 10ml/12000ml

Table 5. Weekly changes in body weight (g) of hatchling&oéugeniae in chlorpyrifos.

Dose Samples Number of Weeks
1 2 3 4 5 6 7 8
D1 0.047 £0.01 0.050 +0.010.070 £ 0.020.085 + 0.020.090 + 0.030.14 + 0.04*0.14 + 0.04* 0.16 + 0.04*
D2 0.035 £0.01 0.050 +0.010.045 = 0.014.060 + 0.0D.065 + 0.02®.22 + 0.03*0.13 + 0.02* 0.13 + 0.03*
D3 0.035 +0.00 0.053 +0.010.060 +0.02 0.20 + 0.05 0.18 + 0.05 0.22 + 0.04*0.22 + 0.04* 0.30 + 0.04*
D4 0.033+0.00 - - - - - - -

Control 0.050 +0.0130.05 +20.01 0.060 + 0.010.070 + 0.020.149 + 0.020.19 + 0.02*0.35 + 0.03*0.40 + 0.007*

D1, D2, D3 and D4 are the chlorpyrifos dose samp&es2.5, 5, 7.5, 10ml/1000ml; Values are Meanz8fHour replicates;
*Values are significant at 5% level of significan@él the hatchlings died in the 4th dose samplésrane week of rearing

Table 6. Duration of life span of juveniles & eugeniae in

chlorpyrifos and control sample. reproduction of earthworm was seen in finely sieved
soil as compared to sandy soil indicating that pityo
Dose Sample Number of days of soil may influence earthworm mobility and gassou
D1 43.25+0.82 exchange, thus affecting its life cycle.
D2 45.75+0.82 In the present study, as minimum numbers of cocoons
D3 54.25 + 0.82 were collected from D3 and D4 dose relating the re-
D4 All died after & week duction to the high concentration of insecticideisl
Control 28.75 + 0.82 further inferred that exposure of earthwdgodrilus to

insecticide chlorpyrifos severely impairs the catoo
ing the present investigations. Similar reduction i production and is dose—independe@ontaminated
body weight by increased concentration of malathiondose samples have delayed cocoon production and it
on E. fetida has been reportéBspinoza-Navarro and has been suggested that cocoon production rates wer
Bustos-Obregon, 2005). The loss of weight alondpwit particularly sensitive during early period of reguo-
signs and symptoms of toxicity such as coiling, lswo tion(Sprugeon and Hopkin, 1999). Similarly, exposure
len body, sluggish movements and discharge ofof worms to higher sub lethal dose of malathion-pro
coelomic fluid was observed ibumbricus terrestris duced lesser number of cocoons and hatchling tian t
when exposed to pesticides (Cyren, Ridomil, Triplenworms exposed to lower sub lethal concentration of
and Mambajfor 4 weeks (Ahmed, 2013). Fecundity in malathion(Rai and Bansiwal, 2009). Reproduction
earthworms is sensitive to insecticides even thoughoxicity was also observed in casebffetida follow-
population densities of earthworms may not be imme-ing exposure to deltamethrin and fenvaleranteih soi
diately affected, there can be reproductive change¢Songet al., 2015).

which may reduce populations in the longer term.The lesser number of hatchlings produced in each
Reduction in fecundity was observed En fetida on chlorpyrifos treated sample as compared to cortrol
exposure to neonicotinoids (Wargal., 2015). Low  the present study, is due to the elevated leveisset-
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ticide. Pe_rcentage of hig_h insecticide influe_ncbs t Conclusion

reproduction parameters i.e. coccon production,nrmea _ . _

and maximum number of hatchlings per cocoon, and a he earthworm is the major soil mega fauna to be ex
longer incubation period of worms in a dose depahde Posed to soil contaminants and their presence is an
manner as observed by earlier workers (Booth andndicator of soil health.The present study investg
O'Halloran, 2000; Gupta and Saxena, 2003; Yasminthe effect of chlorpyrifos on survival, growth anet

and D’ Souza, 2007). The results of the presemtystu Productive potential in earthworms. The higher _dose
correlate strongly and suggest that there beingestd ~ (7-5ml/1000ml and 10.0ml/1000ml) of chlorpyrifos
relationship between dose treated and emergence ¢¥as detrimental to the growth and reproductive per-
hatchlings from each cocoon. formance in the earthworms while low and recom-
High mortality percentage of juveniles shows the-se mended doses could be used for soil applicationv-Ho
sitivity of juveniles to elevated levels of inseitie. ~ €Ver, to investigate the effects on higher tropéiels
The estimation of various biochemical parameters wa We need to acquire more knowledge on the chemical
not in the preview of the present experimentalgtesi nature, mode of action, and means of degradation of
but it is hypothesized that since newborn and yeung Pesticides in soil.

animals are more sensitive to toxicants than oter

mature animaléRozmanet al., 2001; Singh and Rishi ACKNOWLEDGMENTS

2005) they are affected more acutely and within aThe authors are thankful to the Head, Department of
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