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Abstract 
Two spotted spider mite Tetranicus urticae is major non insect pest of greenhouse crops causing huge 

setback for the cultivation. Problems with the chemical pesticides like resistance, resurgence and 

environmental effects diverted the pest management tactics towards eco-friendly manner. So the effort 

has been made under laboratory condition to find the best biorational pesticides and their possible 

combination which leads maximum mortality of the mite. Two entomopathogenic fungi (Beauveria 

bassiana and Lecanicillium lecanii IOF 1 strain @2g/l), four botanicals {Neem seed kernel extract 

(NSKE), Pongamia seed extract (PSE), Custard apple seed extract (CASE) @5% and Asafoetida @ 

0.125%}, one mineral oil product {Agricultural spray oil (ASO) @5%} and five combinations of them 

has been tried. Among the combinations tried Agricultural spray oil + Custard apple seed extract + 

Pongamia seed extract + Neem seed kernel extract (2:1:2:2) @5% has shown synergetic action giving 

100 percent mortality after 72 hours of treatment. And the most efficient entomopathonenic fungi against 

the two spotted spider mite was Lecanicillium lecanii IOF 1 strain which gave the mortality of 72.77 

percent mites after 72 hours of treatment. Results and the future aspects of the current study are discussed 

briefly in this paper.   
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1. Introduction 

Two spotted spider mite (Tetranicus urticae Koch) is one of the major non insect pests 

threatening the cultivation of vegetable crops under greenhouse conditions all over the world 
[21, 13, 16] and in India [14]. Over reliance on chemical pesticides to control this pest leaded the 

problems like resistance, resurgence and the ecological imbalance [2, 9, 11, 38]. Biorationals are 

any type of insecticides active against pest populations, but relatively innocuous to non target 

organisms and therefore, non-disruptive to biological control i.e. plant extracts, insect 

pathogens, etc [5, 7, 37]. In nature more than 1800 plant species are reported to have biopesticidal 

properties which was due to the bioactive phytochemicals such as alkaloids, terpenoids, poly 

acetylene, unsaturated isobutlyamide and retinoides etc. which may act as toxicant, repellent 

and behaviour modifiers [35]. Plant extracts like Neem, pongamia and custard apple seeds oil 

extracts were well studied and reviewed for their pesticidal properties [33, 12, 17, 19]. Synergism is 

defined as the interaction or cooperation of two or more substances to produce a combined 

effect greater than the sum of their separate effects [29]. Such synergetic activity was largely 

exploited in case of pyrethroids and was found highly effective but recently most of them were 

recorded with resistance throughout the world in varying levels [32, 23]. In case of biorationals 

there was no resistance recorded and the likelihood of resistance is also much lower as their 

extracts contain a group of active ingredients with diverse chemical nature [6, 31]. So if the 

successful synergistic compounds are found with the botanicals it will rectify the problem of 

both resistance creation and chemical contamination in the ecosystem. Pongamia and neem 

seed extracts mixed together have shown synergetic effect against two spotted spider mites [25, 

36]. The mixed extracts of Pongamia +aloe + NSKE and recorded higher mortality (77.6%) of 

the larva followed by agave + chilli (71.13%) and NSKE (65.44%) which was more than any 

of the botanicals used alone under the laboratory condition [4, 20]. While looking into the next 

most important biorational product that is insect pathogens, Entomopathogenic fungi (EPF) 

multiply faster inside the greenhouse having the relative humidity factor. Among the EPFs 

Verticillium lecanii and Beauveria bassiana are found to be most effective entomopathogenic 

fungi especially against the sucking pests to reduce the pest load in natural friendly way giving  
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higher mortality in self-perpetuating way [10, 34, 18]. So the 

current study is carried out under laboratory condition with 

the biorationals and their combination products on two 

spotted spider mite. 
 

2. Materials and Methods 

In vitro evaluation of different biorationals against two 

spotted spider mite (Tetranicus urticae) was done in the 

laboratory condition of Department of Entomology, UAS, 

Dharwad during the summer seasons of 2017 and 2018. Mite 

population was maintained on cucumber plants under the 

protected structures of Hi-Tech Horticulture farm, UAS, 

Dharwad.  
 

2.1 Treatment details  

T1: Beauveria bassiana @ 108 CFU/g in 2g/l  

T2: Lecanicillium lecanii @ 108 CFU/g in 2g/l  

T3: Hing (Asafoetida) @ 0.125% 

T4: Neem seed Kernal extract (NSKE) @ 5%  

T5: Pongamia seed extract (PSE) @ 5%  

T6: PSE + NSKE (1:1) @ 5% 

T7: Custard apple seed extract (CASE) @ 5% 

T8: CASE + NSKE (1:1) @ 5%  

T9: CASE+ PSE) (1:1) @ 5% 

T10: CASE + PSE+ NSKE (1:2:2) @ 5% 

T11: Agricultural spray oil (ASO) @ 2ml/l 

T12: ASO+ CASE + PSE+ NSKE (2:1:2:2) @ 5%  

T13: Spiromesifen (Oberon) 240 SC @ 1 ml/l 

IOF 1 strains of B. bassiana and L. lecanii is collected from 

Organic farming unit, UAS, Dharwad. Agricultural spray oil 

(ASO) is purchased from Vinayak oil industries, Thane, 

Maharashtra. 
 

2.2 Preparation of Botanicals 

Neem Seed Kernel Extract (NSKE) 5%: 5 kg of powdered 

neem seed was soaked in 10 litres of water overnight and 

filtered through double layered khada cloth which was taken 

as stock solution. 5% solution was prepared from this stock 

by adding water. In the same way PSE and CASE 5% was 

also prepared. PSE+NSKE (1:1): 2.5 ml of PSE and 2.5 ml of 

NSKE are mixed and 95 ml of water is added to make up 100 

ml of 5% solution. CSPE+NSKE (1:1) @5% and CASE+PSE 

(1:1) @5% were also made in the same way. 

CASE+PSE+NSKE (1:2:2): From the stock solution of 

CASE, PSE and NSKE solution of 1ml, 2ml and 2ml were 

respectively taken and mixed to which 95 ml of water is 

added to produce 5% solution of CSPE+PSPE+NSKE (1:2:2). 

ASO+ CASE+PSE+NSKE (2:1:2:2): From the stock solution 

of each botanicals, 5ml each was dissolved in 100 ml to give 

5% solution and then it was mixed in the ratio of 2:1:2:2 to 

get the 5% solution of ASO+ CASE+PSE+NSKE (2:1:2:2). 

 

3. Laboratory analysis 

Cucumber leaves collected from the pesticide free field were 

used for the study by cutting them into the circular shape to fit 

inside the petri plates. Leaf dipping method [1, 26] was used to 

treat each botanicals with the leaves. Then the treated leaves 

were shifted to the petriplates with the cotton below to absorb 

the excess moisture. Three replications of twenty five mite 

adults were taken and were provided with the leaves treated 

within the petri plates. The Per cent mortality of mites was 

calculated starting from 24 hrs after the treatment till 72 hrs. 

Mites which weren’t shown any movement while touched 

using the camel brush is taken as dead or mortal. Per cent 

mortality of aphids and mites were calculated and corrected 

using the Schneider-Orelli's correction factor formula. 

 

 
 

 
 

4. Results 

Observations on the mortality percentage of treated mites 

were recorded from 24 hours after the treatment till 72 hours 

as mentioned earlier. Mortality percentage of mites in the 

various treatments during 2017 and 2018 were presented in 

the table 1 and their cumulative mortality is represented in 

Grap.1 Based on the data presented following results are 

obtained:

 
Table1: Mortality percentage of mites in various treatments under laboratory condition during 2017 and 2018. 

 

 Corrected mortality percentage (%) (2017) Corrected mortality percentage (%) (2018) 

Chemicals 24hrs 48hrs 72hrs 24hrs 48hrs 72hrs 

T1: Beauveria bassiana @ 108 CFU/g 8.78(17.23)h 16.01(23.58)f 40.33(39.41)h 9.11(17.56)h 17.01(24.35)i 41.11(39.86)h 

T2: Lecanicillium lecanii @ 108 CFU/g 12.91(21.05)g 35.08(36.31)e 73.33(58.89)d 13.39(21.46)g 33.74(35.50)g 72.20(58.15)d 

T3: Hing (Asafoetida) @ 0.125% 4.45(12.17)i 11.78(20.07)g 15.17(22.91)i 3.72(11.12)i 12.28(20.51)j 13.85(21.84)i 

T4: NSKE @ 5% 16.22(23.74)f 31.11(33.89)e 55.33(48.04)g 17.07(24.39)f 33.04(35.07)g 56.33(48.62)g 

T5: PSPE @ 5% 25.00(29.99)d 41.21(39.92)d 68.56(55.87)e 24.12(29.40)d 43.56(41.28)e 70.33(56.97)e 

T6: PSPE + NSKE (1:1) @ 5% 28.00(31.94)c 59.45(50.43)c 77.17(61.44)d 29.05(32.60)c 57.12(49.07)d 76.51(60.98)d 

T7: CASPE @ 5% 12.11(20.36)g 28.36(32.17)f 49.33(44.60)g 11.88(20.15)g 27.43(31.57)h 51.44(45.81)g 

T8: CASP + NSKE (1:1) @ 5% 21.97(27.94)e 34.28(35.82)e 60.67(51.14)f 22.42(28.25)e 32.27(34.60)g 59.67(50.55)f 

T9: CASP+ PSPE (1:1) @ 5% 25.00(29.99)d 37.67(37.84)d 62.14(52.00)f 25.83(30.53)d 37.98(38.03)f 63.22(52.65)f 

T10:CASP + PSP+ NSKE (1:2:2) @ 5% 39.11(38.69)b 59.18(50.27)c 83.63(66.11)c 40.11(39.28)b 59.51(50.46)c 84.10(66.47)c 

T11: ASO@2ml/l 29.39(32.81)c 65.47(53.99)b 68.39(55.76)e 29.50(32.88)c 63.46(52.79)c 66.07(54.35)e 

T12: ASO+ CASP + PSP+ NSKE (2:1:2:2) @ 5% 39.11(38.69)b 90.82(72.34)a 100(89.63)a 41.41(40.04)b 92.49(74.06)a 100.00(89.63)a 

T13: Spiromesifen (Oberon ) 240 SC @ 0.5 ml/l 46.21(42.81)a 67.75(55.37)b 95.26(77.40)b 45.46(42.38)a 70.54(57.10)b 98.24(82.34)b 

Control 0.00 0.00 0.00 0.00 0.00 0.00 

CD (1%) 1.65 2.69 3.86 1.65 2.37 3.86 

S. Em 0.42 0.69 0.98 0.56 0.66 0.98 

C.V 2.77 3.04 3.33 2.62 2.69 3.27 

NSKE - Neem seed kernel extract, PSE- Pongamia seed extract, CASE- Custard apple seed extract, ASO- Agricultural spray oil 

*Number of mites used in each treatments were 25. 

*Numbers inside the parenthesis were arc sin transformed. 
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24 hrs after treatment 

Among the combination of botanicals used for the study, 

treatment (T12) ASO+ CASE + PSE+ NSKE (2:1:2:2) gave 

higher mortality (40.26%) of mites which was statically on 

par with the treatment (T10) CASE + PSE+ NSKE (1:2:2) @ 

5% with mite mortality of 39.61%. Combination products 

have shown more mortality than any individual biorational 

tested. Between the two entomopathogenic fungi tested L. 

lecanii (T2) produced maximum mortality (13.15%) of mites 

(Fig.1). The chemical check Spiromesifen (T13) has shown 

highest mortality of mites amidst the treatments under study 

(45.84%) 24 hrs after the treatment. Among the single 

botanicals tried, pongamia (24.56%) followed by NSKE 

(28.52%) have given maximum mortality. The treatment 

which have shown less effective was Asafoetida (T3) (4.08%). 

 

48 hrs after treatment 

After 48 hours of treatment the trend in the mite mortality 

changed that T12 (ASO+ CASE + PSE+ NSKE (2:1:2:2) 

@5%) has given maximum mortality of 91.66% over taking 

the chemical check Spiromesifen@ 1 ml/l (T13) which was 

showing (69.15%) most effective after 24 hrs of treatment 

followed by ASO (Agricultural spray oil@ 2ml/l) was 

statistically on par with each other. In case of individual 

botanicals tested same trend is followed as PSE@ 5% (T5) 

was leading in the mortality percentage (42.38%) followed by 

NSKE (T4) @ 5% (32.07%) and CASE (T7) @ 5% (28.36%). 

Bio efficacy of the entomopathogenic L. lecanii (T2) (35.08%) 

was nearly double times of B. bassiana (T1) (16.01%) after 48 

hrs of treatment. 

 

72 hrs after treatment 

Cumulative mortality after 72 hours of the treatment shows 

that ASO+ CASE + PSE+ NSKE (2:1:2:2) @5% (T12) gave 

100% mortality which was followed by the chemical check 

Spiromesifen@1 ml/l (T13) with 96.75% of mite mortality. 

PSE@ 5% (T5) gave 55.83 percent mortality followed by 

NSKE gave 55.83% mortality when they were used singly. 

Between the entomopathogenic fungi tried Lecanicillium 

lecanii (T2) gave cumulative mortality of 72.77% mortality 

after 72 hrs of treatment followed by B. bassiana (T1)@2g/l 

which gave only 40.72% mite mortality.  

 

  
 

L. lecanii on mite  B. bassiana on mites 
 

Fig 1: Entomopathogenic fungi infested two spotted spider mites 

  

The efficacy of various treatments as per the cumulative 

mortality after 72 hrs was in order of: 

 T12 (ASO+ CASP + PSP+ NSKE (2:1:2:2) @ 5%)> T13 

(Spiromesifen 240 SC @ 1 ml/l)>T10 (CASP + PSP+ NSKE 

(1:2:2) @ 5%)>T6 (PSPE + NSKE (1:1) @ 5%)>T2 (L. lecanii 

@ 108 CFU/g)>T11 (ASO@2ml/l)>T5 (PSPE @ 5%)>T9 

(CASP+ PSPE (1:1) @ 5%)>T8 (CASP + NSKE (1:1) @ 

5%)>T4 (NSKE @ 5%)>T7 (CASPE @ 5%)>T1 (B. bassiana 

@ 108 CFU/g)>T3 (Hing @ 0.125%) 

 

 
 

Graph 1: Cumulative mortality percentage of mites in various treatments under laboratory condition during test period. 

 

5. Discussion 

Based on the results obtained it is clear that combination 

treatments ended with more mortality percentage which is 

greater than their separate effects which indicates the presence 

of clear synergetic activity especially in case of neem, 

pongamia and custard apple seed extracts combination 

products which is in line with of Rao et al. [25] and Vinay et 

al. [36] who observed the synergetic activity when neem and 

pongamia extracts mixed together. Further when the oil 

product agricultural spray oil is mixed (ASO+ 

CASE+PSE+NSKE (2:1:2:2)) with them, the mortality rate 

was quickened and ending up with the 100 percent mortality 

72 hours after the treatment which was producing the same 

result as with the studies of Elizabeth [8] who reported that 

when the mineral oil was mixed together with the botanicals 

the increased mortality of pests occur. Futher this study is also 

in line with Sabir et al. [27] who have mentioned the improved 

activity of Azadiractin when mixed with the agrospray oil. It 

was also clear that among the entomopathogenic tried 

Lecanicillium lecanii IOF strain 1 is proved to be effective 

B. bassiana on mites 
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against the two spotted spider mites causing more mortality 

than B. bassina as it is line with the studies of various authors 
[28, 24, 22, 3].  

 

6. Conclusion 

The current study gives the alternative tools for effective pest 

management by mixing the botanicals and mineral oil 

together. Including the effective entomopathogenic fungi with 

this, formation of integrated pest management programme to 

control the mite pests of any crops especially for the vegetable 

crops inside the greenhouse condition where the botanicals 

won’t degrade faster and the entomopathogenic fungi activity 

is supported by the higher relative humidity. Further using 

these synergetic, eco-friendly and also effective compounds, 

pesticide load can be greatly decreased. 
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