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Botanical piscicides over the years have been used singly in fishing efforts. This research investigated 
the joint action of binary mixtures of Carica papaya + Nicotiana tabacum, Anacardium occidentale + 
Senna occidentalis, and A. occidentale + Luffa cylindrica. Relative toxic units (RTU) estimations and 
synergistic ratio (SR) models were used in the joint action evaluation. The 96 h LC50 (95% confidence 
limit [CL]) results revealed that the mixture of C. papaya and N. tabacum showed antagonism (reduction 
in toxicity) in both predetermined mixture ratio 1:1 and equitoxic mixture ratio 1:2. The RTU value for 
mixture ratio 1:1 was 0.298, while SR was 0.221. The mixture ratio 1:2 had RTU of 0.421 and SR of 0.384. 
The mixture of A. occidentale and S. occidentalis also followed the antagonistic model with mixture 
ratio 1:1, having RTU of 0.927 and SR of 0.577, while the mixture ratio 1:2 had RTU of 0.489 and SR of 
0.360. The mixture ratio 1:1 of A. occidentale and L. cylindrica was synergistic with RTU of 2.145 and SR 
of 1.442. Most of the binary mixtures of the botanical piscicides were antagonistic. 
 
Key words: Joint action, binary mixtures, botanical piscicides, Clarias gariepinus. 

 
 
INTRODUCTION 
 
Botanical piscicides are substances of plant origin used 
by fishermen and fish farmers. They are applied during 
fishing or eradication of unwanted, predatory, and exotic 
fish species (Cagauan et al, 2004). For sustainable 
aquatic environment, there is a fast growing preference 
for piscicides of plant origin for catching fish and clearing 
ponds. Botanical ichthyotoxins are less expensive, 
biodegradable, readily available, easy to handle and safe 
for mankind and the environment (Singh et al., 1996). 
Piscicidal plants used in fishing actually stupefy the 
fishes; they do not kill the whole fish stock like chemicals 
(Kamalkishor  and  Kulkani,   2009).   Because   piscicidal 

plants are biodegradables, hence fast recovery in fishes 
exposed to them. Plant extracts used as piscicides in 
fisheries are considered advantageous when viewed 
against the backdrop of using persistent chemicals 
(Gabriel et al., 2009). Different species of plants 
employed as piscicides have different effects, depending 
on the species of fish targeted (Van Andel, 2002). The 
use of toxic plants for catching fish is a common practice 
worldwide. The ichtyotoxic characteristics of some of 
these plants make them potent tools for catching or 
stupefying fish all over the world. Forty years ago, some 
local fishermen in  Nigeria  have  been  reported  to  have  
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Table 1a. Botanicals and parts used for bioassay. 
  

S/N Botanical Common name Part used 

1 Luffa cylindrica (L.) M. Roem Sponge plant Pod 

2 Carica papaya L Pawpaw Leaf 

3 Senna occidentalis (L.) Link Yellow flower Bark 

4 Nicotiana tabacum L Tobacco plant Leaf 

5 Anacardium occidentale L Cashew tree Bark 

 
 
 
used specific biocides derived from plants for fishing 
(Sambasivam et al., 2003). Derris elliptica (Family 
Papilionaceae) are widely available in the tropics and 
their twigs and roots have been used as natural 
piscicides in artisanal fisheries and aquaculture ponds in 
Nigeria. The use of plant piscicides, such as Tephrosia 
candida, Tephrosia purpurea, Mundulea sericea, Acacia 
pennata (Weiss, 1973), Adenia cissampeliodes (Morah, 
1985), Tetrapleura tetraptera, Parkia filicoides, and 
Tephrosia vogelii is common among fish farmers in 
controlling pests and predators. Many plants contain 
chemicals, which have traditionally been used in fish 
culture in almost all parts of the world (Jenness, 1967). 
The best-known plants are Derris species, which produce 
rotenone and Tephrosia species, which contain 
tephrosin, a substance similar to rotenone (natural 
biocide). 

The phytochemical screenings of some botanical 
piscicides were performed in petroleum ether, chloroform, 
and methanolic extracts. The chloroform and methanolic 
extracts of flowers, barks, leaves, and seed were found to 
contain flavonoids, alkaloids, steroids, glycosides, and 
anthraquinones (Kathirvel and Sujatha, 2012). The two 
main groups of phytochemicals that occur in most plants 
used for the stunning fish are rotenones and saponins. 
This groups represent nearly all varieties of fish poisons, 
although plants with sufficient levels of ichthyoethereol, 
triterpene, and other ichthyotoxins are also used (Béarez, 
1998). Many researchers have worked on botanical 
piscicides, but much work has not been done on their 
joint action or combined effects of their binary mixtures. 
Because of its ruggedness and ability to survive 
acclimatization, Clarias gariepinus is an ideal candidate 
species for this kind of experiments. 

Therefore, this study is a deliberate effort to evaluate 
the joint action effects of the binary mixtures of some 
botanical piscicides on post juvenile C. gariepinus. 
 
 
MATERIALS AND METHODS 

 
Post juveniles C. gariepinus (average length, 7.752 cm, average 

weight 37.552 g) were obtained from Daddy-T fish farm in 
Surulere, Lagos State, Nigeria. They were transported in a stress 
free manner to the Zoological Garden, University of Lagos, Nigeria.  
The fishes were acclimatized for 7 days in a rectangular glass 
holding tank measuring 47 ×  35  ×  28 cm  containing  20 L  of  tap- 

water de-chlorinated by keeping it for 24 h. The main 
physicochemical parameters were evaluated by means of specific 
instruments. More specifically, the DO of the sample was 
determined using a portable Exstik II DO 600 meter. The pH, 
salinity, temperature, total dissolved solids (TDS) and electrical 
conductivity were estimated by means of Mettler – Tornado meter.  

 
 
Collection of botanical samples and preparation of aqueous 
stock solutions  
 
All the plant samples were collected in the morning between 7.00 
and 11.00 am, because it is better to collect them before the 
starting of the photochemical reactions which takes place in the 
afternoon. After collection, the samples were placed in clean sac 
bags to retain their natural state (Ogunkule and Tonia, 2006). Luffa 
cylindrica L M. Roem (Sponge) pods were collected from the bush 
behind Erastus Akingbola Postgraduate Hall, University of Lagos 
Nigeria (06°31’ 03.20’’N, 003°23’ 87.80’’E). Anacardium occidentale 
L (Cashew) barks were collected from Works and Physical 
Planning, University of Lagos Nigeria (06° 31’10.10’’N, 003° 23’ 
44.10’’E). Carica papaya L (Pawpaw) leaves were collected from 
Okota Lagos Nigeria (06° 31’ 58.16’’N, 003°21’ 00.79’’E). Senna 
occidentalis (L.) Link (Yellow Flower) barks were collected from the 
front of Amina Hall, University of Lagos Nigeria (06° 30’ 56.03’’N, 
003° 23’ 08.89’’E). Nicotiana tabacum L (Tobacco) leaves were 
purchased from Mushin market Lagos (06° 31’ 58.16’’N, 003° 
21’00.79E). The botanicals were properly identified in the 
Department of Botany of the University of Lagos Nigeria (Table 1a). 

 
 
Preparation of botanicals 
 
Each of the botanicals collected was air dried at room temperature 
for 21 days and oven dried at 32°C for 30 min to make it more 
bristle before pounding into powder with clean mortar. The powder 
of each botanical was sieved with 100 micron sieve to obtain fine 
powder which was stored separately in dry airtight bottle containers. 

 
 
Preparation of aqueous extracts/stock solutions of the 
botanicals 
 
The stock solution of each botanical was prepared by dissolving 50 
g of powder of each botanical in 1 L of water and put into a 
transparent jerry-can of 5 L volume and left to ferment for 3 days, 
finally filtered to obtain their aqueous extracts (Fafioye, 2005). 
 
 
Bioassay 

 
Pilot tests were carried out to establish concentrations of the 
extracts to be used in the  actual  experiments.  The  results  of  the 
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Table 1b. The main physicochemical parameters calculated during the experiment. 
 

Dissolved oxygen (DO) pH Temperature Total dissolved solid (TDS) Salinity (NaCl) Conductivity 

5.200.80 mg/L 6.871.10 26.102.00°C 168.70 ppm 0.3% 137.50 s 

 
 
 

Table 2.  Dose response table for single action of Luffa cylindrica against Clarias gariepinus fingerlings.   
 

S/N 
Conc. 
(ml/L) 

No. 
exposed 

24 h 
 

48 h 
 

72 h 
 

96 h 
Total 

response 

A B C D  A B C D  A B C D  A B C D  

Replicate  Replicate  Replicate  Replicate  

1 12 20 0 0 1 0  1 0 1 0  2 0 2 0  2 0 2 0 4 

2 18 20 2 0 1 1  2 0 1 2  3 1 1 2  3 1 1 2 7 

3 25 20 1 1 0 2  1 1 0 3  2 1 1 3  2 2 2 3 9 

4 32 20 2 2 2 1  2 2 3 1  3 2 3 2  4 2 3 3 12 

5 44 20 3 2 2 3  4 3 3 3  5 4 3 3  5 5 4 3 17 

6 0.0 20 - - - -  - - - -  - - - -  - - - -  

 
 
 
pilot tests led to the preparation of five concentrations for each 
botanical in 96 h acute toxicity tests. Twenty fishes were randomly 
assigned to each concentration in four replicates of 5 fishes in each 
glass test tanks measuring 46×36×30 in a static bioassay without 
renewal test solutions.  

 
 
Assessment of quantal response (Mortality) 

 
Death was taken to be no movement of any part of the fish body on 
gentle prodding with a glass rod after 2 min of observation. 

 
 
Joint action toxicity of botanical mixtures  
 
The joint action toxicity of the botanical mixtures was determined by 
two models: (1) the concentration-addition model by Anderson and 
Weber (1975), modified by Otitoloju (2003) with Relative Toxic Units 
(RTU) estimations; (2) synergistic ratios (SR) model (Hewlett and 
Plackett, 1969; Chukwu et al., 2009). 

The concentration-addition model assumes that, when toxic 
substances with similar act are mixed in any proportion, they will 
add together to give the observed response. In evaluating the joint 
action, a predicted response value (s) e.g. LC50 is derived by 
summing up the LC50 values of individual toxicants according to the 
proportion of their contribution in the mixture. The predicted LC50 
value (s) is then compared to the observed LC50 value of the 
mixture so as to classify the type of interaction among the 
components of the mixture as follows: (1) Additive if the observed 
LC50 value of the mixture is equal to the predicted LC50 value, (2) 
Synergistic if the observed value of the mixture is less than the 
predicted LC50 value, and (3) Antagonistic if the observed LC50 
value of the mixture is greater than the predicted LC50 value. 

 
 
Statistics used for data analysis 
 
The dose-response data for both toxicity tests (single and joint 
action) were analyzed by probit analysis using Statistical Package 

for Social Sciences (SPSS) 17 version, to get the 96 h LC50 values. 

RESULTS AND DISCUSSION 
 
The main physicochemical parameters calculated during 
the experiment were summarized in Table 1b. 
 
 
Single action toxicity tests of the botanicals against 
post juvenile C. gariepinus 
 
The dose response tables for both toxicity tests (single 
and joint action) revealed that the mortality of the 
exposed fishes were both concentration and duration 
dependent (Tables 2 to 12). 

On the basis of 96 h LC50 values, aqueous extract of C. 
papaya was found to be the most toxic botanical tested 
against post juvenile C. gariepinus followed by A. 
occidentale, N. tabacum, L. cylindrical, and S. 
occidentalis (Table 13). Toxicity factor showed that C. 
papaya was 1.04, 1.69, 2.06, and 2.31 times more toxic 
than A. occidentale, N. tabacum, L. cylindrical, and S. 
occidentalis, respectively.  

 
 
Joint action toxicity tests of the plant extracts 
against post juvenile C. gariepinus 
 
It is important to note that the botanicals can be mixed 
(combined) in any order to get the 96 h LC50 values of the 
mixture, provided you know the 96 h LC50 values of 
individual botanical. The 96 h LC50 values of the 
bioassays test with the binary mixtures in the ratio of 1:1 
and equitoxic ratio of 1:2 for C. papaya and N. tabacum 
against post juvenile C. gariepinus was 53.280 and 
30.781 ml/L, respectively. A. occidentale and S. 
occidentalis   was   21.378   and   34.215 ml/L,   while   A.  
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Table 3. Dose Response Table for Single action of Anacardium occidentale against Clarias gariepinus fingerlings. 
  

S/N 
Conc. 
(ml/L) 

No. 
exposed 

24 h  48 h  72 h  96 h 

Total A B C D  A B C D  A B C D  A B C D 

Replicate  Replicate  Replicate  Replicate 

1 10 20 0 0 2 2  1 2 2 2  1 3 2 2  2 3 2 2 9 

2 18 20 1 1 1 3  1 2 1 3  2 2 2 3  3 3 3 3 12 

3 22 20 0 1 2 0  1 2 2 1  2 2 2 2  2 5 2 4 13 

4 25 20 1 2 2 2  1 3 2 2  2 3 2 2  4 4 4 4 16 

5 35 20 2 1 3 3  3 4 3 4  4 4 3 5  5 4 3 5 17 

6 0.0 20 - - - -  - - - -  - - - -  - - - - - 
 
 
 

Table 4. Dose response table for single action of Nicotiana tabacum against Clarias gariepinus fingerlings. 
 

S/N 
Conc. 
(ml/L) 

No. 
exposed 

24 h  48 h  72 h  96 h Total 

A B C D  A B C D  A B C D  A B C D  

Replicate  Replicate  Replicate  Replicate  

1 18 20 0 0 0 0  1 0 2 0  2 0 3 1  3 1 3 1 8 

2 30 20 1 3 1 0  3 4 1 1  3 4 2 2  5 5 4 3 17 

3 45 20 2 2 1 2  3 2 1 3  5 4 2 3  6 6 3 3 18 

4 52 20 4 3 4 4  4 4 5 4  5 4 5 5  6 4 5 5 20 

5 65 20 4 4 1 6  5 5 3 7  5 5 3 7  5 5 3 7 20 

6 0.0 20 - - - -  - - - -  - - - -  - - - - - 
 
 

Table 5.  Dose response table for single action of Carica papaya against Clarias gariepinus fingerlings. 
 

S/N 
Conc. 
(ml/L) 

No. 
exposed 

24 h  48 h  72 h  96 h 

Total A B C D  A B C D  A B C D  A B C D 

Replicate  Replicate  Replicate  Replicate 

1 8 20 0 0 1 0  1 0 2 1  2 0 2 1  2 0 2 2 6 

2 15 20 1 2 0 2  2 3 1 2  2 4 2 2  3 4 2 4 13 

3 22 20 2 2 1 0  3 2 1 1  4 3 2 2  6 4 2 3 15 

4 27 20 3 4 1 1  3 5 2 1  4 5 2 2  7 6 3 2 18 

5 38 20 4 3 2 4  4 3 3 5  5 3 4 5  6 4 5 5 20 

6 0.0 20 - - - -  - - - -  - - - -  - - - - - 
 
 
 

Table 6. Dose response table for single action of Senna occidentalis against Clarias gariepinus fingerlings. 
 

S/N 
Conc. 
(ml/L) 

No. 
exposed 

24 h  48 h  72 h  96 h  

A B C D  A B C D  A B C D  A B C D Total 

Replicate  Replicate  Replicate  Replicate  

1 18 20 0 0 1 0  0 0 1 0  2 0 2 1  2 0 2 1 5 

2 25 20 0 1 1 1  1 1 2 1  1 1 3 2  2 1 3 2 8 

3 30 20 1 1 0 1  2 1 0 2  2 1 1 2  3 2 3 4 12 

4 45 20 1 1 3 1  1 2 3 2  2 2 3 2  4 4 4 4 16 

5 60 20 2 1 1 1  3 1 1 2  4 1 2 2  5 4 5 4 18 

6 0.0 20 - - - -  - - - -  - - - -  - - - - - 
 
 
 

occidentale and L. cylindrica recorded 8.55 and 17.795 
ml/L  for  mixture  ratio  of  1:1  and  mixture  ratio  of  1:2, 

respectively. The result also revealed that the 96 h LC50 

value for mixture  ratio  of  1:2  was  about  2  times  more  
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Table 7. Dose Response Table for Joint Action of Anacardium occidentale + Senna occidentalis (mixture ratio 1:1) against Clarias 
gariepinus fingerlings. 
 

S/N 
Conc. 
(ml/L) 

No. 
exposed 

24 h  48 h  72 h  96 h Total 

A B C D  A B C D  A B C D  A B C D  

Replicate  Replicate  Replicate  Replicate  

1 20 20 1 1 1 1  2 1 1 2  2 1 2 3  2 1 3 4 10 

2 35 20 1 2 1 0  2 2 1 0  3 2 1 1  4 3 3 4 14 

3 48 20 1 1 3 2  2 1 3 3  2 2 3 4  4 3 3 5 15 

4 60 20 1 3 2 2  2 3 2 2  3 4 2 3  4 4 5 5 18 

5 70 20 1 3 0 1  2 4 1 2  3 5 2 3  4 5 5 5 1 

6 0.0 20 - - - -  - - - -  - - - -  - - - - - 
 
 
 

Table 8. Dose response table for joint action of Anacardium occidentale + Senna occidentalis (mixture ratio 2:1) against Clarias gariepinus 
fingerlings. 

 

S/N 
Conc. 
(ml/L) 

No. 
Exposed 

24 h  48 h  72 h  96 h 

Total A B C D  A B C D  A B C D  A B C D 

Replicate  Replicate  Replicate  Replicate 

1 15 20 0 0 1 0  0 0 1 0  1 1 1 0  1 1 1 0 3 

2 25 20 0 1 0 1  0 2 0 1  0 2 0 2  0 2 0 2 4 

3 35 20 0 1 0 2  0 2 0 3  0 2 0 4  2 2 0 4 8 

4 50 20 2 1 1 2  3 1 2 3  4 1 3 3  5 2 3 4 14 

5 55 20 2 1 0 2  2 1 1 2  3 1 2 2  4 5 5 4 18 

6 0.0 20 - - - -  - - - -  - - - -  - - - - - 

 
 
 

Table 9. Dose response table for joint action of Nicotiana tabacum + Carica papaya (mixture ratio 1:1) against Clarias gariepinus 
fingerlings. 
 

S/N 
Conc. 
(ml/L) 

No. 
Exposed 

24 h 48 h 72 h 96 h 

Total A B C D A B C D A B C D A B C D 

Replicate Replicate Replicate Replicate 

1 10 20 0 0 0 0 0 0 0 0 1 0 0 1 1 0 1 1 3 

2 20 20 1 0 0 1 1 0 0 1 1 0 0 1 1 0 1 1 3 

3 30 20 0 1 0 0 1 1 1 0 2 1 1 0 2 1 2 1 6 

4 40 20 1 0 1 0 2 1 2 0 2 2 2 1 2 2 2 2 8 

5 50 20 1 1 0 2 2 1 0 3 2 1 0 4 3 2 2 4 11 

6 0.0 20 - - - - - - - - - - - - - - - - - 

 
 
 

toxic than 1:1 for C. papaya and N. tabacum against post 
Juvenile C. gariepinus. For A. occidentale and S. 
occidentalis, mixture ratio 1:1 was 1.60 times more toxic 
than mixture ratio 1:2, while for A. occidentale and L. 
cylindrica, mixture ratio 1:1 was 2.08 times more toxic 
than mixture ratio 1:2 (Table 14). 
 
 
Analysis based on concentration addition model and 
synergistic ratio model 
 
The 96 h LC50 (95% CL) results revealed that the  mixture  

of the extracts of C. papaya and N. tabacum showed 
antagonistic action for both test concentrations. For 
mixture ratio 1:1, RTU = 0.298 and SR= 0.221, while for 
mixture ratio 1:2, RTU = 0.421, SR = 0.384. Also, the 
mixture of A. occidentale and S. occidentalis followed 
antagonistic trend with values are RTU = 0.927 and SR = 
0.577 for mixture ratio 1:1, for mixture ratio 1:2, RTU = 
0.489, SR = 0.360 (Table 15a, b and c). Only for the 
mixture of A. occidentale and L. cylindrica was observed 
a synergistic action between the extracts. In fact, the 
mixture ratio 1:1, RTU = 2.145 and SR = 1.442 (Table 
15c). 
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Table 10. Dose response table for joint action of Nicotiana tabacum + Carica papaya (mixture ratio 2:1) against Clarias gariepinus 
fingerlings. 
 

S/N 
Conc. 
(ml/L) 

No. 
exposed 

24 h  48 h  72 h  96 h  

A B C D  A B C D  A B C D  A B C D Total 

Replicate  Replicate  Replicate  Replicate  

1 10 20 0 0 0 0  1 0 0 0  2 2 0 0  2 2 0 0 4 

2 25 20 0 1 0 0  0 1 0 0  1 1 2 1  2 1 2 1 6 

3 35 20 0 0 1 3  0 1 1 3  2 1 2 3  2 2 3 3 10 

4 45 20 0 1 3 1  1 3 3 1  2 3 3 3  3 3 3 3 12 

5 55 20 0 1 3 3  1 1 3 4  3 3 4 4  4 4 5 4 17 

6 0.0 20 - - - -  - - - -  - - - -  - - - - - 

 
 
 
Table 11. Dose response table for joint action of Anacardium occidentale + Luffa cylindrica (mixture ratio 1:1) against Clarias gariepinus 
fingerlings. 
 

S/N 
Conc. 
(ml/L) 

No. 
exposed 

24 h  48 h  72 h  96 h 

Total A B C D  A B C D  A B C D  A B C D 

Replicate  Replicate  Replicate  Replicate 

1. 10 20 1 3 1 1  1 4 2 2  2 4 2 3  2 4 2 4 12 

2. 12 20 1 3 0 0  1 4 1 0  2 4 1 2  3 5 2 3 13 

3. 20 20 1 0 1 0  4 1 2 2  4 3 2 3  5 4 3 4 16 

4. 24  20 1 3 1 2  2 3 2 3  3 3 3 3  5 4 4 5 18 

5. 28  20 3 3 1 0  3 4 2 1  4 4 3 2  5 5 5 4 19 

6. 0.0 20 - - - -  - - - -  - - - -  - - - - - 

 
 
 
Table 12. Dose response table for joint action of Anacardium occidentale + Luffa cylindrica (mixture ratio 2:1) against Clarias gariepinus 
fingerlings. 
 

S/N 
Conc. 
(ml/L) 

No. 
exposed 

24 h  48 h  72 h  96 h 

Total A B C D  A B C D  A B C D  A B C D 

Replicate  Replicate  Replicate  Replicate 

1 15 20 0 0 1 0  0 1 1 0  2 1 1 1  3 2 1 1 7 

2 20 20 1 3 1 0  1 3 2 0  1 3 1 1  2 3 2 5 12 

3 25 20 2 0 1 2  2 1 1 2  2 1 2 2  4 4 3 5 16 

4 30 20 0 1 1 2  1 1 1 3  3 2 2 3  5 4 3 5 17 

5 35 20 1 1 3 1  1 2 3 2  2 4 3 4  4 5 5 5 19 

6 0.0 20 - - - -  - - - -  - - - -  - - - - - 

 
 
 
The data show that they are more effective when used 
singly than jointly. This result was similar to that of 
Otitoloju (2003) when he looked at the relevance of joint 
action toxicity evaluation in setting realistic environmental 
safety limits of heavy metals, as most of the combined 
effects of the heavy metals showed antagonism. Also, 
Chukwu et al. (2009) observed antagonism when they 
studied the combined effects of binary mixtures of 
commonly used agrochemicals; pattern of toxicity in fish. 
Otitoloju and Don-Pedro (2006) observed antagonism 
when they determined the types of  interactions  exhibited 

by binary mixtures of heavy metals tested against hermit 
crab. This study on the joint action of botanical piscicides, 
using RTU and SR models, has clearly demonstrated that 
the effects of the binary mixtures of some piscicidal plant 
species on post juvenile C. gariepinus are antagonist. 
Therefore, the botanical piscicides are better used singly 
than jointly as their binary mixtures are not effective. 

The use of poisonous botanicals in hunting and fishing 
is not particularly a new development, but it is almost as 
old as our ancestors (Finlayson et al., 2002). Early 
studies  on  the  effects  of  botanicals  on  fishes  include  
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Table 13. Single action toxicity of the botanicals tested against Post Juvenile Clarias gariepinus. 
 

Botanicals D.F 
T.F 

96 h LC50 (95% CL) 96 h LC99 (95% CL) 
96 h LC50 96 h LC99 

Luffa cylindrica 3 2.06 2.53 24.337 (19.630 – 30.408) 136.643 (77.242 – 610.3) 

Anacardium occidentale 3 1.04 2.71 12.325 (4.265 – 16.607) 146.320 (63.005 – 100.78) 

Senna occidentalis 3 2.31 2.04 27.320 (22.158 – 32.180) 110.029 (73.740 – 279.4) 

Nicotiana tabacum 3 1.69 1.11 19.989 (14.656 – 23.910) 59.791 (45.691 – 107.5) 

Carica papaya 3 1 1 11.816 (8.607 – 14.438) 53.948 (37.055 -121.078) 
 

DF: Degree of Freedom, CL: confidence Limit, TF: toxicity factor, 96 h LC50: lethal concentration that will kill 50% of the exposed animals after 96 
h of exposure, ml/L = Mil per Liter. 

 
 
 
Table 14. Joint action toxicity of botanicals tested against Post Juvenile Clarias gariepinus. 
 

Botanical mixture D.F T.F LC5 (95% CL) LC50 (95% CL) LC99 (95% L) 

 C. papaya + N. tabacum (1:1) 3 1.7 6.152 (0.261 – 12.109) 53.280 (36.380 – 208.481) 1128.665 (253.906–1804800.630) 

C. papaya + N. tabacum (1:2) 3 1 5.708 (1.114 – 10.337) 30.781 (22.673 – 41.737) 333.656 (148.633– 3251.110) 

A. occidentale + S. occidentalis (1:1) 3 1 5.108 (0.421 – 10.724) 21.378 (9.622– 28.676) 161.917 (93.209– 994.971) 

A. occidentale + S. occidentalis (1:2) 3 1.60 12.516 (6.464 – 17.106) 34.215 (28.602– 41.037) 141.885 (92.997– 356.512) 

A. occidentale+ L. cylindrica (1:1) 3 1 2.193 (0.099 – 4.716) 8.546 (3.113– 11.533) 54.497 (34.159– 486.228) 

A. occidentale + L. cylindrica (1:2) 3 2.08 8.589 (4.006 – 11.686) 17.795 (14.051– 20.297) 49.856 (38.058– 96.526) 
 

DF: Degree of Freedom, CL: confidence Limit, TF: toxicity factor, 96 h LC50: lethal concentration that will kill 50% of the exposed animals after 96 h of 
exposure, ml/L = Mil per Liter. 

 
 
 

Table 15a. Analyses (Based on concentration addition and synergistic ratio models) of the 96 h Lc50 values of (a) Carica papaya 
aqueous leaf extracts and Nicotiana tabacum aqueous leaf extracts, when acting jointly against post juvenile Clarias gariepinus (b) 
Anacardium occidentale aqueous bark extracts and Senna occidentalis aqueous bark extracts when acting jointly and singly against 
post juvenile Clarias gariepinus (c) Anacardium occidentale aqueous bark extracts and Luffa cylindrica aqueous bark extracts when 
acting jointly against post juvenile Clarias gariepinus. 
 

Botanical mixtures 
Experimentally observed 
96 h LC50 (95% CL) (ml/L) 

Predicted 96 h LC50 (95% CL) 
(ml/L) 

RTU SR DF 

(a) C. papaya + N. tabacum 

Equitoxic mixture 1:2 30.781 (22.673 – 41.737) 12.9485 (9.479 – 15.565) 0.421 0.384 3 

Predetermined Ratio 1:1 53.280 (36.380-208.481) 15.9025 (11.6315 – 19.174) 0.298 0.221 3 

C. papaya  acting alone 11.816 (8.607 – 14.438) - - - 3 

N. tabacum  acting alone 19.989 (14.656 – 23.910) - - - 3 

      

(b) A. occidentale + S. occidentalis 

Equitoxic mixture 1:2 34.215 (28.602 – 41.037) 16.74 (12.1425 – 20.242) 0.489 0.360 3 

Predetermined Ratio 1:1 21.378 (9.622-28.676) 19.8225 (13.212 – 24.394) 0.927 0.577 3 

A. occidentale acting alone 12.325 (4.265 – 16.607) - - - 3 

S. occidentalis acting alone 27.320 (22.158 – 32.180) - - - 3 

      

(c) A. occidentale + L. cylindrica 

Equitoxic mixture 1:2 34.215 (28.602 – 41.037) 16.74 (12.1425 – 20.242) 0.489 0.360 3 

Predetermined Ratio 1:1 21.378 (9.622-28.676) 19.8225 (13.212 – 24.394) 0.927 0.577 3 

A. occidentale acting alone 12.325 (4.265 – 16.607) - - - 3 

L. cylindrica acting alone 27.320 (22.158 – 32.180) - - - 3 
 

SR: Synergistic  ratio = 96 h LC50 of chemical acting alone / 96 h LC50 of chemical + another (mixture). RTU: Relative Toxic Unit = Predicted 
96 h LC50 / Observed 96 h LC50. DF: Degree of freedom, CL: confidence limit, TF: toxicity factor, 96 h LC50= Lethal Concentration that will kill 
50% of the exposed animals after 96 h of exposure, ml/L = Mil per Liter. 



 
 
 
 
Campbell (1991) who examined the use of fish poison by 
the natives of California for their survival. Chuck (2003) 
described some piscicidal plants used by the primitive 
people in South America, North America, Australia, Asia, 
and Africa. Fafioye (2005) evaluated the toxicity of 
Raphia vinifera fruit extracts on biochemical composition 
of Nile Tilapia. Olufayo (2009) studied the haematological 
characteristic of C. gariepinus juvenile exposed to 
powdered root of D. elliptica Obomanu et al. (2009) 
worked on the haematology, plasma enzymes, and organ 
indices of C. gariepinus after intra muscular injection with 
aqueous leaves extracts of Lepidagathis alopecuroides. 
Usman et al. (2005) examined the toxicity of methanol 
extract of Euphorbia lateriflora to the juvenile C. 
gariepinus. Adeyemo (2005) studied the haematological 
and histopathological effects of cassava mill effluent on 
C. gariepinus, Abalaka and Auta (2010) studied the toxic 
effects of aqueous and ethanol extracts of Parkia 
biglobosa pods on C. gariepinus adults. Kamalkishor and 
Kulkani (2009) worked on the fish stupefying plants used 
by the Gond tribal of Mendha village of Central India. 
Muhammad and Tufail (2010) examined the possibility of 
replacing rotenone by locally grown herbal extract. 
However, much work has not been done on the joint 
action or combined effects of the binary mixtures of the 
botanical piscicides. 
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