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ABSTRACT  
In vivo studies conducted with chloroform leaf extracts of botanicals revealed that Terminalia arjuna Roxb, Cassia fistula L. and Tribulus terrestris 
L. were effective against Aspergillus flavus on chawki worms of Double Hybrid1 {(CSR 6 x CSR 26) x (CSR 2 x CSR 27)} larval (chawki 
larvae) mortality percentage of DH1 due to Aspergillus flavus was 4, 8 and 10 per cent The mortality of chawki larvae due to chloroform 
alone ranged from 88 per cent. The larval mortality in the untreated control was 96 per cent. 
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INTRODUCTION 
 

Silkworm being a highly domesticated insect is prone to various biotic and abiotic stresses, leading to 
drastic loss in silk yield. Silkworm is highly susceptible to various diseases which accounts for 30 - 40 per cent 
loss in cocoon yield [2]. The infectious silkworm diseases are caused by pathogenic microorganisms such as virus, 
bacteria, fungus and protozoan. Aspergillosis is one of the serious fungal diseases of silkworm causing cocoon 
crop loss to the tune of 21.36 per cent [8].  In India, the percentage of disease occurrence ranged from 5.32% 
(Feb-March), 21.36% (July-Aug) and crop loss up to 1.60 – 13.04 Kg per 100 dfls [5]. The early instars i.e., first 
and second instar silkworm larvae are more susceptible and later stage silkworms are fairly resistant to this 
disease. High temperature and high relative humidity conditions maintained during young stages are reportedly 
contributing factors to greater disease incidence during young age. The fungal disease Aspergillosis prevails 
during winter and rainy seasons.  

 
MATERIALS AND METHODS 

 
2.1. Screening of botanicals against pathogen: 

An experiment was laid out using six botanicals possessing antifungal property.  Chloroform extracts from 
leaves of these botanicals were prepared using standard procedures. These extracts were evaluated against 
Aspergillus flavus using standard procedures. 

 
2.2. List of botanicals used in this study: 
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Sl. 
No. 

Scientific name Common name Family 

1 Coleus forskohlii Lour. Marunthu koorkan Labiataceae 
2 Cassia fistula L. Aavarai Caesalpinaceae 
3 Tribulus terrestris L. Nernji mullu Zygophyllaceae 
4 Terminalia arjuna Roxb Marutham Combretaceae 
5 Lawsonia inermis Linn Maruthani Lythracae 
6 Eucalyptus citriodora Hook. Eucalyptus Myrtaceae 

 
2.3. Preparation of plant extract for screening: 

Leaf extracts were prepared from plants and its antifungal activity was tested against Aspergillus spp. 
Extraction was done using Chloroform (40-60 ºC) [1].  

 
2.4. Management of disease: 

Aspergillus flavus disease is very serious in nature leading to severe loss in cocoon production. The efficacy 
of various plant extracts was tested against Aspergillus flavus at Chawki stage with the following treatments. 

 
2.5. In vivo efficacy of antifungal botanicals: 

All the six botanicals viz. T. terrestris, C. forskohlii, C. fistula, T. arjuna, L. nermis and E. citriodora 
possessing antifungal property were tried at three concentrations viz., 2000ppm, 3000ppm and 4000ppm, for 
their efficacy in controlling Aspergillus flavus in silkworms. A popular bivoltine Double Hybrid breed ((CSR 6 
x CSR 26) x (CSR 2 x CSR 27)) were used for the study. One day old silkworms were inoculated topically, by 
spraying the suspension (1×107 conidia / ml) of Aspergillus flavus on to the integument of the silkworm with 
the help of automizer. 10 ml of conidial suspension of Aspergillus flavus prepared from 7 days old culture was 
used to infect 50 numbers of silkworms. One hour after fungal spray, the botanicals were sprayed (with the 
different concentrations) on silkworm larvae (@10ml / 50 numbers of Chawki worms). Silkworms were fed 
with mulberry leaves after 30 minutes of spraying and reared under optimum temperature (27-28ºC) and relative 
humidity (85-90%). Each treatment was replicated two times. Mortality due to Aspergillus infection was 
recorded for 7 days at 24h interval [6]. 

 
2.6. In vivo treatments for A. Flavus: 

 
Treatments Botanicals Concentrations 

(ppm) 
T1 Tribulus terrestris 2000/ 3000/ 4000 
T2 Coleus forskohlii 2000/ 3000/ 4000 
T3 Eucalyptus citridora 2000/ 3000/ 4000 
T4 Cassia fistula 2000/ 3000/ 4000 
T5 Lawsonia inermis 2000/ 3000/ 4000 
T6 Terminalia arjuna 2000/ 3000/ 4000 
T7 Chloroform alone  
T8 Control (without solvent)  

 
2.7. Statistical analyses: 

The data collected in various experiments were statistically analysed using completely randomized design 
(CRD). The data were transformed to either Arc sine (Angular transformation) or Square root transformation for 
the purpose of analysis wherever needed. Duncan’s Multiple Range Test (DMRT) was applied for comparing 
the treatment means [4]. 

 
RESULTS AND DISCUSSION 

 
Botanical leaf extracts (chloroform extracts) for A. flavus management of silkworm (DH1) to in vivo condition: 

An experiment was laid out to find out efficacy of botanical leaf extracts (chloroform extracts) T. terrestris, 
C. forskohlii, C. fistula, T. arjuna, L. inermis  and E. citriodora on chawki larvae of DH1 {(CSR 6 x CSR 26) x 
(CSR 2 x CSR 27)}. One day old silkworms were inoculated topically, by spraying the suspension (1×107 
conidia per ml) of A. flavus on to the integument of the silkworm with the help of automizer at 10 ml per 50 
larvae. One hour after inoculation, botanicals were sprayed at different concentrations (2000, 3000 and 
4000ppm) on the silkworm larvae. Silkworms were fed with mulberry leaf 30 minutes after spraying the 
botanical extracts, and reared under optimum temperature (27-28ºC) and relative humidity (85-90%). 
Observations on mortality were recorded for 7 days at 24 h interval.  

The result of evaluation of botanicals (chloroform extract) at 2000ppm against A. flavus infecting DH1 are 
presented in Table 1. Mortality of infected chawki worms of DH1 was lower in T. arjuna treatments (14 per 
cent) on 7 DAS (Days after Spraying). This was followed by Cassia fistula (16 per cent) and Tribullus terrestris 
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(18 per cent). Whereas C. forskohlii treatment registered 84 per cent mortality. Chloroform alone resulted in 88 
per cent larval mortality. While larval mortality in untreated control was 96 per cent. T. arjuna and C. fistula 
treatments recorded no larval mortality after 5 Days After Spraying (DAS) onwards. After 7 DAS, the rate of 
larval survivability was significantly found to be influenced by spraying of botanical leaf extracts (chloroform 
extract) at 2000ppm. The result of evaluation of botanicals (chloroform extract) At 3000ppm against A. flavus 
infecting DH1 are presented in Table 1. Mortality of infected chawki worms of DH1 was lower in T. arjuna 
treatment (14 per cent) on 7 DAS. This was followed by C. fistula (16 per cent) and T. terrestris (18 per cent). 
Whereas Coleus forskohlii treatment registered 80 per cent larval mortality. Chloroform alone resulted in 88 per 
cent larval mortality. While larval mortality in untreated control was 96 per cent. T. arjuna treatment recorded 
no larval mortality after 6 DAS. C. fistula and T. terrestris treatments recorded no larval mortality after 7 DAS 
onwards. After 7 DAS, the rate of larval survivability was significantly found to be influenced by spraying of 
botanical extract (chloroform extract) at 3000ppm.  The result of evaluation of botanicals (chloroform extract) at 
4000ppm against  A. flavus infecting DH1 are presented in Table 1. Mortality of infected chawki worms of DH1 
was lower in T. arjuna treatment (4 per cent) on 7 DAS. This was followed by Cassia fistula (8 per cent) and T. 
terrestris (10 per cent). Whereas C. forskohlii treatment registered 82 per cent larval mortality. Chloroform 
alone resulted in 88 per cent larval mortality. While larval mortality in untreated control was 96 per cent. T. 
arjuna, C. fistula and T. terrestris treatments recorded no larval mortality after 3 DAS, 4 DAS and 6 DAS 
onwards. After 7 DAS, the rate of larval survivability was significantly found to be influenced by spraying of 
botanical extract (chloroform extract) at 4000ppm. Similarly Singh et al. [6] reported to in vivo screened plants 
are henna leaf and mango bark plant products at 2.0, 4.0 and 6.0 per cent concentrations against A. flavus and A. 
tamarii have shown considerable effect controlled Aspergillus infection in silkworm. Similarly Sunil Tripathy 
[7] reported to Lantana camara L. botanical were found to be larval mortality of 36.67 per cent observed at 4000 
ppm concentrations  in A. flavus fungal pathogen. 
 
Table 1: Evaluation of botanical extracts (chloroform extract) at 2000 ppm, 3000 ppm & 4000 ppm against A. flavus on chawki worms of 

DH1. 

Sl. No. Botanicals  
Total Mortality 
Aspergillus flavus 
2000 ppm 3000 ppm 4000 ppm 

T1 Tribulus terrestris 
18 ab 

(25.1) 
18 ab 

(25.1) 
10 a 

(18.4) 

T2 Coleus forskohlii 
84 c 

(66.4) 
80 c 

(63.4) 
82 c 

(64.9) 

T3 Eucalyptus citridora 
30 b 

(33.2) 
42 b 

(40.4) 
40 b 

(39.2) 

T4 Cassia fistula 
16 ab 

(23.6) 
16 ab 

(23.6) 
8 a 

(16.4) 

T5 Lawsonia inermis 
58 c 

(49.6) 
78 c 

(62.0) 
80 c 

(63.4) 

T6 Terminalia arjuna 
14 a 

(22.0) 
14 a 

(22.0) 
4 a 

(11.5) 

T7 Chloroform alone 
88 c 

(71.6) 
88 c 

(69.7) 
88 c 

(69.7) 

T8 Control 
96 c 

(78.5) 
96 c 

(78.5) 
96 c 

(78.5) 

 
Conclusion: 

In vivo studies to using bivoltine double hybrid {(CSR 6 x CSR 26) x (CSR 2 x CSR 27)} on antifungal 
activity of botanicals against Aspergillus flavus revealed that 4000 ppm of chloroform extracts of Terminalia 
arjuna Roxb, Cassia fistula L. and Tribulus terrestris L reduced the mortality of young age silkworms. 
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