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ABSTRACT

A comparative study was conducted to evaluate the toxicity of a biopesticide and a chemical pesticide 
using Daphnia magna as a model aquatic faunal species. The primary survey revealed that Neemark 
and Tafgor are being commonly used by the farmers. The acute toxicity tests were conducted on 
Daphnia magna for two series of concentration ranges 100 ppm to 1000 ppm and 1000 ppm to 4000 
ppm. The (Lethal Concentration) LC50 values for series 1 of Neemark and Tafgor were 522.86 ppm and 
439.46 ppm, respectively, whereas it was 1840.48 ppm and 1335.97 ppm, respectively for for Series 2. 
A significant difference in the mortality rates between Neemark and Tafgor in the concentration range of 
1000 ppm to 4000 ppm was observed (t = 2.483, p < 0.05).  A combination treatment of Neemark and 
Tafgor in different proportions showed that the 2:1 v/v (Neemark: Tafgor) ratio showed the lowest toxicity 
with a LC50 value of 1067.78 ppm, suggesting its preferability in application on the field. Two–way 
ANOVA shows that the concentration of pesticides plays a significant role in the mortality of Daphnia 
(F = 19.729, p < 0.05) and so does the combination ratio treatment (F = 7.166, p < 0.05). These results 
suggest that these two factors along with the selection of a suitable plant-based pesticide play a critical 
role in the reduction in mortality rates of aquatic organisms.   

INTRODUCTION

India primarily has an agro-based economy with an 18% 
contribution of agriculture to the total GDP (Bharadwaj & 
Sharma 2013, Kekane 2013). To sustain such a large econo-
my, the longevity of crops and their resistance to myriad pests 
becomes a fundamental necessity.  Pesticides play a vital role 
in maintaining world food production. Any substance that 
intends to prevent, destroy, repel or lessen the damage of any 
pest is called a pesticide (Eldridge 2008). There have been 
estimates that crop losses to pests would increase by 10% if 
no pesticides would be used at all (Pimentel et al. 1992). The 
most common categories of pesticides are insecticides, herbi-
cides, fungicides, and rodenticides (Yadav et al. 2015). The 
type of pesticides used depends on the type of target pests. 

The Green Revolution in India has resulted in the phe-
nomenal growth in agricultural productivity by the use of 
high yielding varieties, chemical fertilizers, and pesticides 
(Kumar 2012). The pesticide consumption in India has risen 
from 434 metric tonnes to 46,195.16 metric tonnes during 
the period 1954 to 2000 (Bharadwaj & Sharma 2013). In 
India, the total as well as per hectare consumption of pes-
ticides increased significantly after 2009-10. The pesticide 
consumption was 0.29 kg/ha during 2014-15 which is nearly 

50% higher than the use during 2009-10 (Subash et al. 2017). 
Two main types of pesticides viz., chemical and biological, 
originating from the respective sources are used to fight the 
menace of pests targeting high economic value crops. Some 
of the chemical insecticides used are DDT (Dichloro Diphe-
nyl Trichloroethane), BHC (Benzene hexachloride), Malathi-
on, and Carbaryl (Yadav & Devi 2017). Chemical pesticides 
are known to have several negative impacts on human as well 
as environmental health. Synthetic chemical pesticides are 
known to exist as residues in soil, water, food etc., which 
may, in turn, lead to phytotoxicity, physiological deformities, 
diseases, mortality, population changes, genetic disorders etc. 
in many living organisms. They may enter the food chain 
and coupled with bioaccumulation could cause grave con-
sequences. The increased concerns about the environmental 
effects associated with the use of these synthetic chemical 
pesticides have led to the search for chemical extracts from 
various biological organisms having insecticidal properties 
(Kumar 2012). A promising alternative is the use of biopesti-
cides. A biopesticide is a formulation derived from naturally 
occurring substances that control pest populations in an 
eco-friendly way and through non-toxic mechanisms. The 
sources of biopesticides could be microorganisms, plants or 
animals and could include living organisms, their products or 

    2021pp. 695-701  Vol. 20
p-ISSN: 0972-6268 
(Print copies up to 2016) No. 2  Nature Environment and Pollution Technology 

  An International Quarterly Scientific Journal

Original Research Paper

e-ISSN: 2395-3454

Open Access Journal

Nat. Env. & Poll. Tech.
Website: www.neptjournal.com

Received: 12-06-2020
Revised:    04-08-2020
Accepted: 27-08-2020

Key Words:
Neemark
Tafgor
LC50
Combination ratio treatment 
Two-way ANOVA  
Aquatic ecosystem

Original Research Paperhttps://doi.org/10.46488/NEPT.2021.v20i02.028



696 Amrita I. Kakka et al.

Vol. 20, No. 2, 2021 • Nature Environment and Pollution Technology  

their by-products which could be used for the management of 
pests. Nearly 700 biopesticide products are available globally 
with 175 registered biopesticide active ingredients (Kumar 
2012). The share of biopesticide in the total crop protection 
worldwide is small with a value of about 3 billion dollars 
and accounts for just 5% of the total crop protection market 
(Marrone 2014). The most commonly produced and used 
forms of biopesticides in India are neem-based compounds, 
Bacillus thuringensis, nuclear polyhedrosis virus (NPV) and 
Trichoderms (Khandpal 2014). Biopesticides derived from 
the entomo-pathogenic bacterium, Bacillus thuringiensis 
(Bt), form 90% of the total microbial biopesticides available 
(Kumar & Singh 2015). The plant-based biopesticide derived 
from neem is eco-friendly and very effective against many 
species of arthropods, nematodes, and fungi (Kandpal 2014). 
The seeds of the neem tree (Azadirachta indica) contain the 
active ingredient Azadirachtin which is a natural antifeedant, 
insect growth regulator, and sterilant (Hummel et al. 2015). 

Any pesticide used in agriculture can enter the adjoining 
water body through agricultural runoff and soil erosion, 
which could lead to adverse impacts not only on the water 
quality but also on the associated aquatic life. After the entry 
into the aquatic ecosystems, pesticides can cause fishery 
losses in many ways such as increased mortality, killing of 
susceptible fish fry, and elimination of essential fish foods, 
such as insects and other invertebrates (Pimentel et al. 1992). 
Chlorpyrifos, an organophosphate pesticide, being very toxic 
to fish has caused fish mortality in waterways adjacent to 
treated fields (United States Environmental Protection Agen-
cy [US EPA] 2000). Pesticides are known to cause serious 
problems because they are designed to kill organisms, both 
target and non-target ones (Hanazato 2000).

The toxicity of pesticides on an aquatic ecosystem can 
be assessed using different test organisms. The effects of 
two chemical pesticides viz. Imidacloprid and RH-5849 on 
earthworm (Eisenia foetida) were studied (Luo et al. 1999) in 
terms of their acute toxicity, effects on sperm morphological 
deformity, and biochemical toxicity. Some toxicity tests use 
fish such as Danio rerio as the test organism to determine 
the (lethal concentration) LC50-96h of neem-based pesticides 
(Maranho et al. 2014). Daphnia magna, a zooplankton, is 
also often used as the test organism. Since zooplanktons 
are very sensitive to toxic chemicals and occupy a central 
position in the lentic food chain, they are frequently used 
in ecotoxicological tests. The responses of zooplankton to 
toxicity tests provide information on the relative impacts on 
the ecosystem as a whole (Hanazato 2000). Daphnia has 
been used to test the effects of anthropogenic chemicals, 
such as dieldrin on the sex ratio and alteration in the 
male individuals’ production (Dodson et al. 1999). They 
quantified the swimming behaviour of free-living Daphnia 

that were exposed to the pesticide. Two types of behaviours 
were seen: (1) ‘spinning’ (extreme and continuous escape 
behaviour) in response to acutely toxic levels of ‘carbaryl’ 
and (2) ‘irritation’ (an increase in escape-like behaviour) 
in response to sublethal levels. Daphnia magna has been 
used in acute toxicity test for neem-based biopesticides to 
determine the median Effective Concentration (EC50-48h). 
After these acute toxicity tests, chronic toxicity tests for 21 
days were conducted (Maranho 2014). The moulting process 
of crustaceans has been interfered by azadirachtin, the active 
component in neem and some other aquatic invertebrates 
may also be susceptible (Stark 2007). 

The objective of the present study was to generate a data-
base on the most frequently used pesticides (chemical and/or 
biological) amongst a group of farmers of the Palghar district 
of Maharashtra, India. Subsequently, the toxicity testing of 
the most preferred biological pesticide and chemical pesti-
cide was performed individually and in combination using 
Daphnia to ascertain the one, which is comparatively less 
harmful to the aquatic organism. This is the first of such an 
experimental analysis using the actual field concentrations 
of pesticides to assess their toxicity in terms of the LC50 
values. Along with this, the combination ratio treatment 
experiments can provide a guideline to assess their potential 
use by farmers which could reduce the toxic effects on the 
aquatic ecosystem. The toxicity data so obtained were ana-
lysed statistically using the PAST software and MS Excel. 

MATERIALS AND METHODS

The entire study was divided into two parts, wherein the 
first part included a questionnaire survey of farmers and the 
second half consisted of laboratory analysis of the toxicity 
of the most commonly used pesticides in the study area.

Questionnaire Survey

The questionnaire survey regarding the use of pesticides for 
agriculture was conducted among a group of 20 farmers in 
the Palghar district of Maharashtra. It comprised of a set of 
questions to collect data in terms of the type of crops culti-
vated, type of pesticide used (biological/ chemical), and the 
most preferred market-based pesticide product. Based on the 
questionnaire survey, the most preferred market products of 
biopesticide and chemical pesticide were found to be Nee-
mark and Tafgor, respectively. These were chosen for the 
laboratory analysis to ascertain their respective LC50 values 
using the test aquatic organism Daphnia magna. 

LC50 Studies

Stock solutions of Neemark and Tafgor of concentrations 
500 ppm and 2500 ppm, respectively were prepared. These 
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concentrations were based on the volumes of pesticide used 
in the study sites by the farmers. Two series of diluted stock 
solutions of varying concentrations viz., 100 to 1000 ppm 
with an interval of 100 pm and 1000-4000 ppm with an inter-
val of 500 ppm were prepared for both the pesticides. Thus, 
two concentrations range each for Neemark and Tafgor were 
prepared. This was done to accommodate both the pesticide 
concentrations used in the field. 

Experiments were conducted to determine the lethal 
concentration of the pesticide that killed fifty percent of the 
population (LC50) using probit analysis. The experimental 
work included two parts. The first part included finding the 
LC50 values for the individual pesticide range. In the second 
set of experiments, Daphnia was subjected to combination 
treatments of different volume: volume (v: v) ratios viz. 1:1, 
1:2 and 2:1 of Neemark and Tafgor, respectively. This was 
done to determine the most favourable treatment that could 
be used by the farmers which are the least damaging to the 
aquatic fauna. In these combination treatment sets, varying 
concentrations of the two pesticides in the range of 100 ppm 
to 500 ppm were used to find the LC50 value of the particular 
combination treatment. All the experiments were initiated by 
transferring 15 live Daphnia into clean petri plates where 
each plate represented a particular concentration. Respec-
tive volumes of the pesticide concentrations from the series 
were inoculated in the plates. The number of dead Daphnia 
individuals was counted after an incubation time of 60 min. 
All the experiments were carried out in duplicates. The per-
cent mortality was calculated using the following formula 
presented in Equation 1.

 Percent Mortality = (Number of dead Daphnia /  
 Initial Number of live Daphnia) ´ 100     …(1)

The percent mortality was calculated and transformed 
into probit values using Finney’s probit table (Finney 1971). 
All the probit values were plotted against the log values of 
the concentrations. The log concentration value for the probit 
value 5 (representing fifty percent mortality) was found, the 
antilog of which yielded the lethal concentration that caused 
50 percent mortality. The acute toxicity tests were conducted 
in a manner similar to the previous studies (Demetrio et al. 
2014, Maranho et al. 2014) with a few changes to suit the 
present study. 

Two–way ANOVA was done to estimate whether the dif-
ferent combination treatments and different pesticide concen-
trations used for the combination treatment affected the percent 
mortality significantly or not. The significant difference in the 
percent mortality between the different concentration ranges 
of Neemark and Tafgor was checked with the help of unpaired 
t-test. The statistical analysis and graphical representations 
were done using PAST and MS Excel. 

RESULTS AND DISCUSSION

Questionnaire Survey

The questionnaire survey conducted in the Palghar district 
of Maharashtra to understand the proportion of farmers 
using biopesticide and chemical pesticide revealed that out 
of the 20 farmers surveyed, 40% used only biological pest 
control measures, such as cow urine, Neemark and other 
neem products; 20% of them used only chemical pesticides 
such as Tafgor, Karathane, and Rogor, whereas 40% of the 
surveyed farmers used both chemical and biological pesti-
cide. The different chemical and biological pesticides were 
used as a common application against all types of pests 
including aphids. The most common form of biopesticide 
and chemical pesticide used was Neemark (35%) and Tafgor 
(55%), respectively. 

LC50 of Pesticides 

Based on the results of the survey, Neemark and Tafgor were 
selected as the toxicants to carry out further acute toxicity 
tests. The median lethal concentration for Neemark for Series 
1 (100-1000 ppm) and Series 2 (1000-4000 ppm) was found 
to be 522.86 ppm and 1840.48 ppm, respectively. Various 
acute toxicity tests have been conducted on Daphnia using 
neem-based compounds, such as Neemix, Bioneem, and 
Margosan-O. In one of the studies, effective concentration 
(EC50) (48 h) of Margosan-O on Daphnia magna was as 
high as 125 ppm as against the LC50 (48 h) value of 13 ppm 
(Scott & Kaushik 1998). Another research found the EC50 
for Margosan-O on Daphnia magna at 103 ppm (Saucke & 
Schmutterer 1992). The LC50 (48 h) of Neemix for Daphnia 
pulex was estimated to be 0.68 ppm by Stark (2001). He 
also found that the LC50 of Azatin for D. pulex was 0.57 
ppm. Another acute toxicity test revealed that LC50 (48 h) 
values for Neemix and Bioneem on Daphnia pulex were 
0.028 μg/mL and 0.033 μg/mL, respectively (Goktepe & 
Plhak 2002). Maranho et al. (2014) observed that the neem 
oil based biopesticide showed an EC50 of 0.17ml/L for D. 
magna. Comparison of the LC50 values obtained from the 
previous studies of other neem-based pesticides shows that 
the LC50 value of Neemark from the present study is very 
high. This could be attributed to the high range selected for 
the study along with the possible indication of Neemark 
being less toxic to the invertebrate aquatic fauna as com-
pared to other neem derived products. Other biopesticides 
have also shown comparatively high toxicity as compared to 
Neemark. Camphor, a major ingredient of biopesticides, was  
assessed for its acute toxicity to D. magna (Yim et al. 2014). 
In their study, they observed immobilization of D. magna 
over 98.8μM and the EC50 was found to be 395μM after 48 h. 
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The median lethal concentration for Tafgor for Series 1 
(100-1000 ppm) and Series 2 (1000-4000 ppm) was found 
to be 439.46 ppm and 1335.97 ppm, respectively.  The 
LC50 values for other organophosphate pesticides, such 
as chlorpyrifos and malathion for Daphnia magna were 
found to be 0.001μg/mL and 0.033μg/mL, respectively by 
Leight & Dolah (1999). Several other studies for the LC50 
of Chloropyrifos on D. magna were conducted which gave 
the results as follows; 0.19 μg/mL (Kikuchi et al. 2000) 
and 1.0 μg/mL (Kersting & van Wijngaarden 1992). There 
are a few acute toxicity studies of Tafgor conducted on 
Daphnia. As per the EPA report (US EPA 1983), the 48 h 
LC50 value for Tafgor in D. magna is 2.5μg/mL. Various 
studies have assessed the toxic effects of other chemical 
groups of insecticides on Daphnia. The LC50 values for 
carbaryl on Daphnia pulex were found to be 50.1μg/L,  
33.1μg/L,  and 26.4μg/L for  24,  48 and 72 h ,  
respectively, and 1.5mg/L and 1.09mg/L for 24 and 48 h, 
respectively for imidacloprid (Hassoon & Salman 2016). 
However, the LC50 values were higher when D. magna 
were exposed to imidacloprid with concentrations going 
beyond 102000μg/L for 48 h (Raby et al. 2018). This  
suggests that variation in the threshold to imidacloprid can 
occur in different species of Daphnia. A study in Turkey 
showed that the acute toxic lethal concentration values 
for Abamectin, a chemical insecticide, were 0.02μg/L and 
0.0043μg/L for 24 and 48 h, respectively (Azgin & Goksu 
2016). A study to examine the effects of fungicides on 
D. pulex in Chile revealed that the LC50 of carbendazim 
was 26.1μg/L (Encina et al. 2017). In the present study,  
Daphnia showed a relatively higher tolerance to Tafgor which 
could be due to the lower exposure time as opposed to the 
other reference studies where the exposure time was greater 
and thus, the subsequent LC50 values were comparatively 
lower than Tafgor. Thiamethoxam is an insecticide  
belonging to the class of neonicotinoids, which is used in 

agriculture to control a broad range of insect pests. The acute 
toxicity of these pesticides was examined for different aquatic 
organisms. The results showed that the organisms were 
least sensitive with acute median effective concentrations 
greater than 80 mg/L. The EC50 for Daphnia magna for 24 
and 48 h exceeded 100 mg/L (Finnegan et al. 2017). The 
acute toxicity of Thiamethoxam on D. magna showed an 
LC50 value to exceed 80000μg/L for 48 h implying higher 
tolerance to the insecticide (Raby et al. 2018). Neonicotinoids 
are chemically similar to the natural component nicotine. 
The literature assessed for the toxicity of thiamethoxam 
shows that it consequently poses less risk to the aquatic 
organisms. This could suggest future directives to promote 
the use of similar types of pesticides imitating natural 
components or use the biological components completely  
(Finnegan et al. 2017). The results of the median lethal 
concentration obtained for Neemark and Tafgor showed that 
Tafgor is comparatively more lethal to Daphnia than Neemark 
and thus, showing more toxicity. This also indicates that the 
current dosage of Tafgor of 2500 ppm used on the field by 
farmers may be highly toxic to the aquatic fauna. The current 
dose of Neemark that is used on the field i.e. 500 ppm may  
be comparatively less toxic to the aquatic fauna as  
compared to Tafgor.  The percent mortality for the two pesticides 
for the respective series was converted into probit values 
using the probit table and the concentrations were converted 
into log (concentration) values. The corresponding findings  
(Figs. 1-4) indicate that there is an increase in the  
probit value with the increase in the pesticide concentration. 
The probit values for Series 1 of Neemark and Tafgor 
show a similar mortality trend (Figs. 1 and 3). In contrast, 
the percentage mortality for Tafgor Series 2 shows close 
to 100% mortality at probit values of 8.09 for the last 
two log (conc.) i.e. for 3500 ppm and 4000 ppm (Fig. 4).  
This trend was absent in the Neemark Series 2, which  
shows maximum mortality of 73% at probit 5.61 
(Fig. 2).

 

Fig. 1: Effect of varying concentrations of Neemark Series 1 (100-1000 ppm) on the Probit.  

 

Fig. 2: Effect of varying concentrations of Neemark Series 2 (1000-4000 ppm) on the Probit. 
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y = 0.7063x + 3.08
R² = 0.743

0
1
2
3
4
5
6

1.5 2 2.5 3 3.5

Pr
ob

it 
Va

lu
e

Log (conc.)

Neemark Series 1
Probit v/s Log (conc.)

y = 1.1652x + 1.1957
R² = 0.7946

4

4.5

5

5.5

6

2.5 3 3.5 4

Pr
ob

it 
Va

lu
e

Log(conc.)

Neemark Series 2
Probit v/s Log (conc.)

y = 1.0782x + 2.1504
R² = 0.8695

0

1

2

3

4

5

6

1.5 2 2.5 3 3.5

Pr
ob

it 
Va

lu
e

Log (conc.)

Tafgor Series 1
Probit v/s Log (conc.)

Fig. 1: Effect of varying concentrations of Neemark Series 1 (100-1000 
ppm) on the Probit. 
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An overall comparison of the average percentage mortal-
ity of the two series of Neemark and Tafgor against different 
pesticide concentrations showed that the percentage mortality 
of Tafgor remained, in general, greater than that of Neemark 
(Figs. 5 and 6). 

This highlights the possible subsequent negative impli-
cations of Tafgor on aquatic life when used on fields due to 
its highly toxic chemical composition. The concentrations of 
Neemark used, which are the same as that of Tafgor however, 
shows comparatively lower mortality rates compared to those 
of Tafgor and thus, subsequently pointing to lesser negative 
effects on the aquatic fauna. 

Combination Ratio Treatment

As some of the farmers use a combination of Neemark and 
Tafgor, the in vitro combination ratio treatment of Neemark 
and Tafgor was done to find a suitable ratio treatment that 
would cause minimum harm to the aquatic fauna. The highest 
percentage mortality (50%) and the corresponding lowest 
LC50 value (255.86 ppm) was seen in the 1:1 (Neemark: 

Tafgor) ratio treatment. However, the median percentage 
mortality was 40% for both 1:2 (Neemark: Tafgor) and 
2:1 (Neemark: Tafgor) ratios and the corresponding LC50 
values for the 1:2 and 2:1 ratio treatment were 427.43 ppm 
and 1067.78 ppm, respectively.  The median percentage of 
mortality values have been depicted in Fig. 7. The least lethal 
treatment was found to be the 2:1 v/v ratio treatment, which 
suggests that that combination treatment with two volumes 
of Neemark against one volume of Tafgor is the preferred 
treatment if a combination of Neemark and Tafgor are to be 
used on the field as Neemark is a natural ingredient product 
with low ill effects on non-target fauna. However, the effi-
ciency of this pesticide used in killing the pest organisms 
needs further assessment.

Two-way ANOVA was carried out to assess whether the 
different concentrations and the combination ratio treatment 
of Neemark and Tafgor affected the percentage mortality 
significantly or not. To the best knowledge of the authors, 
two-way ANOVA is being used for the first time to study 
the impact of concentration and combination ratio treatments 
on Daphnia’s mortality. The percent mortality showed a 

 

Fig. 1: Effect of varying concentrations of Neemark Series 1 (100-1000 ppm) on the Probit.  

 

Fig. 2: Effect of varying concentrations of Neemark Series 2 (1000-4000 ppm) on the Probit. 

 

 

Fig. 3: Effect of varying concentrations of Tafgor Series 1 (100-1000 ppm) on the Probit.  

 

y = 0.7063x + 3.08
R² = 0.743

0
1
2
3
4
5
6

1.5 2 2.5 3 3.5

Pr
ob

it 
Va

lu
e

Log (conc.)

Neemark Series 1
Probit v/s Log (conc.)

y = 1.1652x + 1.1957
R² = 0.7946

4

4.5

5

5.5

6

2.5 3 3.5 4

Pr
ob

it 
Va

lu
e

Log(conc.)

Neemark Series 2
Probit v/s Log (conc.)

y = 1.0782x + 2.1504
R² = 0.8695

0

1

2

3

4

5

6

1.5 2 2.5 3 3.5

Pr
ob

it 
Va

lu
e

Log (conc.)

Tafgor Series 1
Probit v/s Log (conc.)

Fig. 3: Effect of varying concentrations of Tafgor Series 1 (100-1000 
ppm) on the Probit. 

 

Fig. 4: Effect of varying concentrations of Tafgor Series 2 (1000-4000 ppm) on the Probit. 
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Fig. 5: Comparison of average percentage mortality for series 1 (100-
1000 ppm) of Neemark and Tafgor.
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significant difference for different combination treatments 
(F = 7.166, p < 0.05) and the different concentrations (F 
= 19.729, p < 0.05) but the combined effect of both the 
concentration and the combination treatment showed no 
significant effect on the percentage mortality. The results 
are shown in Table 1.

The statistical t-test has been used for the first time to 
compare and check for the significant difference in the mor-
tality rates of Daphnia magna between the two pesticides. 
Unpaired t-test was applied to check whether the percentage 
mean mortality of Series 2 (1000 ppm-4000 ppm) of Tafgor 
showed a significant difference from the Series 2 (1000 ppm-
4000 ppm) of Neemark and a significant difference was seen 
(p < 0.05, p = 0.034, t = 2.483). No significant statistical 
difference was seen between the two series of Tafgor and 
Neemark of the range 100 ppm to 1000 ppm (p > 0.05). 
Thus, the concentration of Tafgor could be used within the 
concentration of 1000 ppm on the field by the farmers and 
still not show much difference in the death of the Daphnia 
when compared to Neemark. However, increasing the con-
centration of the two pesticides above 1000 ppm would cause 
a significant effect on the mortality rates with the possibility 
of Tafgor showing more lethality to the aquatic fauna. This 

suggests that the current dosage concentration of 2500 ppm 
may show more toxic effects on the aquatic fauna.

CONCLUSION

Non-target toxicity of pesticides on the aquatic fauna 
stands to be an important environmental concern. The LC50 
values of Neemark and Tafgor pesticides showed that the 
chemical pesticide, Tafgor, was comparatively more toxic 
to Daphnia than the biological counterpart, Neemark. A 
greater proportion of farmers used either only biopesticides 
or a mixture of biopesticide and chemical pesticide. In 
comparison, a few of the surveyed farmers used only 
chemical pesticides in their fields. Further reduction in this 
proportion would be possible with more awareness among 
the farmers backed up with scientific study. 

The initial evaluation of the combination ratio treatments 
suggests that if both the types of pesticides need to be used 
for better protection against pests, then the most preferable 
treatment would be to use a mixture of two volumes of 
Neemark with one volume of Tafgor. This combination 
exhibits the lowest toxicity to Daphnia as opposed to 1:1 v/v 
or 1:2 v/v of Neemark and Tafgor. Our study has shown that 
concentration and the combination ratio treatment critically 
affect the percent mortality of Daphnia. Thus, these can 
act as governing factors that can be considered, when 
using a combination of these pesticides on the field which 
would, in turn, ensure a healthy aquatic environment. The 
efficiency of these pesticides, with varying concentrations 
and combination treatments, to eradicate the target 
pest organisms needs further assessment which would 
strengthen their application on the field. This would not 
only promote good crop and soil health but also facilitate 
a healthy aquatic ecosystem sustainable for other aquatic 
life forms.  
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