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(A) (B)  
Fig. 1. Toxicity of boric acid tested on Trichoplusia ni (A) and Spodoptera exigua Hubne (B) larvae. 
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Table 1. LT50 of AcMNPV with boric acid on Trichoplusia ni larvae 

Treatment *Mean LT50 (day) ± SD (n = 4) 
 1st instar 2nd instar 3rd instar 4th instar 
AcMNPV 3.17±0.58 3.31±0.19 4.15±0.63 4.91±0.15 
AcMNPV with     
0.5% boric Acid 2.94±0.74 3.20±0.24 3.96±0.69 4.96±0.74 
AcMNPV with     
1% boric Acid 2.67±0.43 2.99±0.57 3.48±0.76 4.06±0.59 
AcMNPV with     
2% boric Acid 2.46±0.56 2.74±1.0 3.03±0.75 3.79±0.56 
AcMNPV with     
4% boric Acid 2.26±0.62 2.35±0.56 2.52±0.48 3.11±0.58 
＊LT50’s correlation with the concentration of boric acid in this test was r2=0.90, P<0.05 
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AcMNPV  
Fig. 2. Enhancement of mortality by different concentrations of boric acid with AcMNPV on third instar Trichoplusia 

ni larvae. 
 

2% AcMNPV  
Fig. 3. Effect on mortality of Trichoplusia ni larvae of AcMNPV with 2% boric acid. 
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Table 2. LT50 of SpeiMNPV with boric acid on Spodoptera exigua Hubne larvae 

Treatment *Mean LT50 (day) ± SD (n = 4) 
 1st instar 2nd instar 3rd instar 
AcMNPV 4.4±0.44 5.24±0.33 6.24±0.27 
AcMNPV with    
0.5% boric Acid 4.4±0.44 4.42±0.14 5.53±0.26 
AcMNPV with    
1% boric Acid 3.9±1.00 3.82±0.13 5.50±0.26 
AcMNPV with    
2% boric Acid 3.5±0.40 3.00±0.31 5.27±0.26 
AcMNPV with    
4% boric Acid 2.92±0.70 2.51±0.82 4.04±0.74 
*LT50’s correlation with the concentration of boric acid in this test was r2=0.86, P<0.05 
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Fig. 4. Effect on the mortality of Spodoptera exigua Hubne larvae of SpeiMNPV with 2% boric acid. 
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Boric Acid as a Synergist of Spodoptera exigua and Autograph 
californica Nuclear Polyhedrosis Viruses 
 
Tzyy-Rong Jinn Institute of Biotechnology, National Chung Hsing University, Taichung, Taiwan 402, R.O.C. 

Suey-Sheng Kao, Chia-I Liu and Hsin-Yu Tseng Biopesticides Division, Taiwan Agricultural Chemicals and Toxic 

Substances Research Institute, Taichung, Taiwan 413, R.O.C. 

Tzong-Yuan Wu* Department of Bioscience Technology, Chung Yuan Christian University, Chungli, Taiwan 320, R.O.C. 

ABSTRACT 

  In this study, we attempted to demonstrate the enhanced insecticide 
activity of boric acid on Autographa californica multiple nucleopolyhedrovirus 
(AcMNPV) and Spodoptera exigua multiple nucleopolyhedrovirus (SpeiMNPV). 
The data show that the LT50 value for third-instar Trichoplusia ni (T. ni) 
larvae was reduced from 4.1 days  for AcMNPV alone to 3 days in the 
presence of 2% boric acid. Similarly, the LT50 value for third-instar S. exigua 
Hubner larvae was also reduced from 6.2 days for SpeiMPNV alone to 5.3 
days in the presence of 2% boric acid. In addition, increasing the 
concentration of boric acid resulted in a significant increase in the prevalence 
of virus-induced mortality, although the mean time to death of larvae 
exposed to virus mixed with 0.5% boric acid did not significantly differ from 
that of larvae inoculated with AcMNPV and SpeiMNPV. The combination of 
AcMNPV with 1, 2 and 4% boric acid caused increases of 10, 40, and 53.4% in 
the mortality of third-instar T. ni larvae at 3 days after virus inoculation, 
respectively. The synergistic effect of boric acid on AcMNPV also acted on 
SpeiMNPV. The combination of SpeiMNPV with 1, 2, and 4% boric acid 
caused increases of 10, 30, and 50% mortality of S. exigua third-instar larvae 
at 4 days after virus inoculation, respectively. Thus, boric acid significantly 
enhanced the insecticide activity of AcMNPV and SpeiMNPV and acted as an 
effective viral synergist. 

 
Key words: nucleopolyhedrovirus, Trichoplusia ni, Spodoptera exigua, boric 

acid, viral synergist 
 
 


